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Einige Geländebeobachtungen und Bemerkungen
zu den Gmünder Schichten des nordwestlichen Waldviertels (Niederösterreich)

Zusammenfassung

Der vorliegende Aufsatz versucht den gegenwärtigen Stand der geologischen und stratigraphischen Erforschung der Gmünder Schichten sowie der
südböhmischen Sedimentformationen zu überblicken und stellt eine Auswahlbibliographie unveröffentlichter Archivmaterialen wie publizierter Fachli-
teratur zusammen. Einige Feldbeobachtungen an Gmünder Schichten werden dokumentiert, darunter ein im Jahre 1982 in der Baugrube des Allge-
meinen Öffentlichen Krankenhauses Gmünd aufgeschlossenes Profil, worin sich ein geringmächtiges Kohlenflöz fand. Daraus wurde eine Kohlenpro-
be entnommen, die von Peter Andreas HOCHULI palynologisch und von Martin VINZENZ kohlenpetrographisch analysiert wurde. Die vorläufigen Ergeb-
nisse deuteten darauf hin, dass die Gmünder Kohle stratigraphisch mit der oberkretazischen südböhmischen Klikov-Formation korreliert. Mit moder-
nen mikroskopischen Untersuchungsmethoden konnte Reinhard ZETTER im Jahre 2002 die reiche Mikroflora beschreiben, sie dem Santon, d.h. laut
GRADSTEIN et al. (1955: 106) einem Alter von ~85,8 bis ~83,5 Mio. Jahren, zuordnen und die Korrelation bestätigen. Weiters wird auf jüngere Schotter
und Gerölle aus dem Raume Dietmanns bei Gmünd im Süden der Gmünder Bucht hingewiesen, die unidentifizierte Kieselhölzer enthalten.



Abstract

The paper presented tries to give a short outline of the latest developments in the geological and stratigraphical research of the Gmünd Beds and
of the South Bohemian sediment formations, as well as a selected bibliography of unpublished archive material and printed literature. Some field
observations on Gmünd Beds are documented, among them a bed succession, opened in 1982 at the foundation pit of the Common Public Hospital
in Gmünd. Here a thin coal seam was found, from which a coal sample has been taken. The brown coal’s petrography was examined by Martin VIN-
ZENZ, and its palynology by Peter Andreas HOCHULI. The preliminary results indicated a stratigraphical correlation of the coal from Gmünd with the
Upper Cretaceous South Bohemian Klikov Formation. In 2002, Reinhard ZETTER, using modern microscope technology, was able to describe the rich
microflora, to assign it to the Santonian, i.e., following GRADSTEIN (1995: 106), to an age of ~85. 8 to ~83,5 million years, and to confirm the correla-
tion. Furthermore, gravels and pebbles are discussed, bearing unidentified silicified woods and spreading around the village of Dietmanns near
Gmünd, which is situated in the southern part of the Gmünd Bay.

area “Lainsitzniederungen” by the Ramsar-Convention no.
1013 (1999), an international agreement on conservation
and wise use of wetlands. 

From a hydrographical point of view, the Gmünd Bay
represents the biggest groundwater reservoir of northwest-
ern Lower Austria (GROSSAUER, 1991a: 14). It is of vital
importance for the water supply (BERGER, 1980: 25–38.
1989: 12–15; PAUKNER, 2003: 109) and for the economy of
many thousands of people in the Waldviertel region and in
southern Bohemia. The sediment fillings of the Gmünd Bay
contain a system of irregularly distributed and subdivided
aquifers (WOLFBAUER, 1993a: 9; KOROŠ, RAUCH & LARGE,
1996: 22) with complex groundwater streams (KRÁSNÝ,
1980, Fig. 41), which is sensitive to human interference
(BERGER, 1977: 7–8; GROSSAUER, 1991a: 4) and which,
between 1967 and 1990, was subjected to phreatic maxi-
mal fluctuations of between only a few meters and a
remarkable <7 meters, documented at a sand pit at the vil-
lage Breitensee (GROSSAUER 1991b: 16; ERHART-SCHIPPEK
1993a: 11; 1993b: 13. 1993c: 4th enclosure).

2.1. The Crystalline Surroundings
of the Gmünd Bay

The Gmünd Bay (Text-Fig. 2), like the South Bohemian
Basins, is at a distinctly lower ground level than the sur-
rounding crystalline etchplain, where on the Czech side of
the basin mostly gneisses and schists prevail.

On the Austrian side of the basin mainly granitoids can
be found: With regard to expanse, the first place is taken
up by the coarse-grained, biotitic Weinsberg granodiorite-
type with kalifeldspar megacrysts, and by the medium- to
fine-grained two-mica Eisgarn granite type and its varie-
ties. Less expanded are the fine grained biotitic Maut-
hausen granite type, younger dikites of these granitoids.
greisens as well as quartzmonzodiorites and quartzmon-
zonites. All the above-mentioned magmatites together re-
present multiple Variscan intrusions, building up a complex
batholith, referred to as South Bohemian Pluton by the
Austrian, and as Central Massif of the Moldanubian Pluton
by the Czech geologists. Residuals of the almost totally
erosively destructed gneiss mantle of the pluton (biotite-
plagioclase gneisses, cordierite gneisses of the Monoto-
nous Series) are exposed locally.

Thus the unroofed, hilly etchplain-surface flanking the
Gmünd Bay is shaped predominantly by granitoid land-
forms due to rock structure, weathering and erosion
(HUBER, 1999), developed as a typical boulder-strewn,
undulating peneplain, well preserved, for example, in the
lovely nature park “Blockheide Eibenstein” near Gmünd
(HUBER, 2000). 

3. The Gmünd Beds
3.1. Tectonics and Spreading of the Gmünd Beds

Along wide stretches, tectonic lineaments or faults, run-
ning NW–SE and NNW–SSE, or at a right angle to these
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1. Introduction
Near Gmünd, (a small town in the northwestern corner of

Lower Austria, a region commonly known as the Waldvier-
tel, and separated from its neighbouring municipality
»eské Velenice by the border between Austria and the
Czech Republic), thick sediment series, lowered into the
crystalline of the southeastern Bohemian Massif, cross the
Austrian boundary, running from the NW to the SE. These
sediment series are mainly extended within the two South
Bohemian Basins (Text-Fig. 1), in the »eské Budějovice
Basin (»eskobuděovická pánev/Budweiser Becken), and in
the Třeboň Basin (Třeboňská pánev/Wittingauer Becken),
which by some authors have been regarded as a singular
entity, the South Bohemian Basin, occupying a total area of
some 2.300 km2.

Like a bay, their furthermost SE-end narrows into the
northwestern Waldviertel region. This small Austrian part of
the Třeboň Basin is mainly limited to the community district
of Gmünd, and to its nearest environs. Leo WALDMANN
(1936: 46; 1943: 6, 7; 1951: 15; 1952: 50, 51, 52, 53)
named it “Gmünder Bucht” – a term already earlier used by
Rudolf ROSENKRANZ (1925: 8) and by Franz KASMANHUBER
(1931: 5) meaning Gmünd Bay – and its sediment-fillings,
which continue into South Bohemia, he named “Gmünder
Schichten” (WALDMANN, 1951: 16; 1958: 10), in Czech
“Gmündské souvrství”, or “serie gmündská”, or “vrstvy
gmündské”, meaning Gmünd Beds.

Although the Gmünd Beds in Austria cover an area of
only about 50 km2 at a rough estimation, their stratigraphi-
cal correlation with the South Bohemian sediment series
may be important for a future reconstruction of the earth’s
history of the previous sediment cover of the southeastern
Bohemian Massif, which today is extensively eroded.

2. The Gmünd Bay
With regard to geomorphology, the Gmünd Bay repre-

sents a shallow depression with altitudes of 530–470 m
a.s.l. (above sea level), embedded within a hummocky
highland which slopes down from levels between 650 and
485 m a.s.l.

In general, the bay’s interior topography is characterized
by low relief energy ratios, and is modelled by evennesses
or low, gently konvex hills. Pleistocene fluvial gravel-ter-
races (of detritus derived from the nearby crystalline sur-
roundings of the bay [ROETZEL & KURZWEIL 1986:
211–212]), developed on Gmünd Beds, run along the river
Lainsitz. This river meanders on a widening flood plain N of
Gmünd through the Gmünd Bay and enters the Czech
Republic some 5 km downstream of the town, changing its
name to “Lužnice”. The alluvial plain environment of this
river with its meander loops, shallows, dead waters
(oxbows), riverine valley ponds, wet meadows, etc., shows
such really outstanding ecological variety that it has been
protected both in Bohemia as the Protected Landscape
Area Třeboňsko and in its Austrian part – which in the ver-
nacular is called “Wasserfeld” or “Bachwiesen” – as the
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Text-Fig. 1.
Geological map of the South Bohemian Basins, compiled by MALECHA (1964, Fig. 73).
1 = Alluvium (Holocene); 2 = peat bog (Holocene); 3 = terrace gravel (Pleistocene); 4 = Ledenice Formation (Pliocene); 5 = Mydlovary Formation (Miocene);
6 = Zliv Formation (Miocene); 7 = Lipnice Formation (Oligocene); 8 = Klikov Formation (Senonian); 9 = Permo-Carboniferous; 10 = igneous rocks (granite,
syenite); 11 = crystalline schists and other metamorphics (biotite paragneiss, migmatite, orthogneiss, and others); 12 = faults.



Text-Fig. 2.
Geological sketch of the Gmünd Bay, compiled by K.H. HUBER.
This compilation effort is due to a very resolute generalization of the maps published by WALDMANN (1950), ERICH & SCHWAIGHOFER (1977; Austrian part) and by
MALECHA (1977; Czech part), although the maps are all very different in conception and scale. The representation of the sediments in the map by SLABÝ &
HOLÁSEK (1992) is identical with MALECHA (1977). 
1 = watercourses; 2 = ponds; 3 = Austrian-Czech border; 4 = railways; 5 = alluvium and meadow loams (Holocene); 6 = peats (Holocene); 7 = solifluidal loam,
degraded loessloam, in places flying sands (dunes) (Pleistocene); 8 = lower terraces (Pleistocene); 9 = Pre-Würm accumulations, mainly fluviatile (Pleistocene);
10 = quartz pebble occurrences of uncertain age (around Dietmanns containing silicified woods), belonging to the Gmünd Beds; their spreading out of the
Gmünd Bay, still unmapped, is not on the sketch; 11 = sediments of uncertain age, after WALDMANN (1951), representing the uppermost Gmünd Beds, after
ERICH & SCHWAIGHOFER (1977) Quaternary in general; 12 = upper unit of the Mydlovary Formation (Miocene); 13 = lower unit of the Mydlovary Formation
(Miocene); 14 = Zliv Formation (Miocene); 15 = upper unit of the Klikov Formation (Upper Cretaceous); 16 = lower unit of the Klikov Formation (Upper Creta-
ceous), belonging to the Gmünd Beds; 17 = sediments of unknown age, belonging to the Gmünd Beds and showing a predominantly sandy (s) or a predomi-
nantly muddy (t) environment; 18 = plutonic rocks in general; 19 = gneiss in general; 20 = probable faults or lineaments. As a detailed reproduction of the com-
plex pattern of photolineations in the Austrian part would make the little sketch illegible, cp. BUCHROITHNER (1984).
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directions, define the boundaries of the Gmünd Bay. Most
evidently, the basin’s margins are predetermined by fault
structures along the following sections: 

1) Some 6 km W of Gmünd the Austrian village Höhenberg
(Text-Fig. 2) is situated on a hill called Lagerberg
(650 m a.s.l.). Quite abruptly the northeastern Lager-
berg slope falls some 150 m down to the edge of the
Třeboň Basin, marking a graben, the Stropnice graben,
which runs for more than 20 km from the NW to the SE
in the direction of Gmünd, but before reaching the town,

it ends abruptly still on the Czech territory E of Höhen-
berg, at a transversal threshold of the basin's bottom
(MALECHA, STANÍK et al., 1977: 25). Plumbed with Mio-
cene deposits of the Mydlovary Formation (mentioned
below) which vary in thickness between only a few and
several tens of meters, these graben fillings are inter-
preted as a former episodical communication with the
sea of the Alpine-Carpathian Foredeep, from where
marine ingressions temporarily reached the South
Bohemian Basins during the Miocene (ibidem: 9).



2) The western and southwestern boundary of the Gmünd
Bay corresponds with the eastern flank of the Lager-
berg spurs and with the northeastern slope of the Eich-
berg ridge horst, N of the ancient village of Altweitra
(Text-Fig. 2). This granite rift block, running NW–SE
and reaching a height of 588 m a.s.l., separates the
basin outliers named Al twei t ra  Bas in (HAUER, 1952:
31; see Text-Fig. 2), from the Gmünd Bay sensu
st r ic tu  (HAUER, 1952: 34). These sediment outliers
fork out into two branches, southwards upstream the
river Lainsitz towards Weitra and southwestwards
upstream the rivulet Buschenbach. This is also where
“ ... upstream of the village Wetzles ... ”
Rupert HAUER (1924: 15), parish priest of Dietmanns
and author of excellent home-studies, had noted
“ ... the finding of osteocolla ... ",
plant-pseudomorphisms and
“ ... tubelike limonite-precipitates, filling the place of rotted
roots, having assumed their shape”.
At Ulrichs near Weitra SCHWAIGHOFER (1967: A44;
1978: 13) found planar gravel- and sandbeds, interlay-
ered by several loam-, iron-oxide- and coal seams more
than 20 m thick altogether – as they could be seen in an
8 m deep quarry app. 100 m S of the chapel (Text-Fig.
3a,b) together with some other smaller exposures.
WALDMANN (1951: 16), obviously referring to KREBS
(1929, Fig. 110), postulated a partially sediment-filled
furrow, running from Altweitra via Ulrichs bei Weitra
and Wetzles southeastwards across the Wörnhar ts
saddle to Jagenbach, communicating with sediment
deposits in the Zwettl  and Kamp valleys – a hypothesis
which was rejected by HAUER (1963: 68).

3) Considerable parts of the Gmünd Bay's southern
boundaries undoubtedly are determined by tectonic lin-
eaments, forming topographically significant, rectilinear
slopes, e.g. S and SE of Dietmanns (a village 4 km
WSW of Gmünd), and S of Gmünd (Text-Fig. 2).

4) In the same way, the NNW–SSE-running stretch of the
eastern boundary of the Gmünd Bay between the vil-
lages of Grillenstein und Großeibenstein (Text-Fig. 2) is
controlled by a block fault (the eastern master marginal
fault of the Třeboň Basin – deduced by BERGER [1980:
42]). The marginal block is penetrated by a transverse
valley section of the rivulet Braunau, thus forming a

spectacular granite slope in Grillenstein, named “Gril-
lensteiner Felswand” by DWIRKA (1911, no. 22), the Gril-
lenstein rock wall.

3.2. Problematic Limits
of the Gmünd Beds

But not on all sides the margin of the Gmünd Bay is con-
toured sharply in the terrain. In many places erosional rem-
nants of Gmünd Beds overlap the crystalline framework of
the basin. 

The limits of the Gmünd Beds are the least clearly dis-
tinguishable against the local autochthonous crystalline
saprolite within a zone eastwards of the stretch between
Grillenstein and Asangteich, a local pond. From here east-
wards, the expansion area of the deposits is perforated by
residual boulders and little, barely emerging inselbergs,
thus divided into numerous more or less small, mostly shal-
low sediment troughs, partly isolated from each other, part-
ly communicating with others, forming sediment stains or
islands, embedded along active or former valleys within the
incompletely exhumed weathering front of the local etch-
plain. From this eastern periphery of the Gmünd Bay, sed-
iments which are only partially identified cross in an ESE-
ward direction the present European main watershed,
which locally forms a valley floor divide, known as “Mulde
von Gmünd-Vitis”, the flat Gmünd-Vi t is  t rough (GRUND,
1915: 180). They partly extend northwards along the upper
Thaya valley, and partly ESE-wards along Schwarzenau
and Allentsteig to Horn. The last-mentioned trough-fillings
which have not been eroded have led SCHAFFER (1914: 81)
to postulate a river, the braided “Horner Strom”, the Horn
st ream, which he supposed to have flown across the
Waldviertel region in an ESE direction. The stream accu-
mulations, which STEININGER & ROETZEL (1991: 71 etc.)
called St. Marein-Freischling Formation (see below), inter-
lock with marine Eggenburgian sediments.

Isolated from the Gmünd Bay or from certain Gmünd
Beds, the following stratigraphically undefined sediment
occurrences are noteworthy among others:
1) A larger muddy area between the villages Gopprechts –

Thaures near Eisgarn – Wielings, some 13 km NNW of
Gmünd (WALDMANN, 1938a; STEININGER & ROETZEL,
1999: 73);
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Text-Fig. 3.
Quarry on the right embankment of the rivulet Buschenbach, some 100 m S of the chapel in the village Ulrichs near Weitra (~2,5 km SW of Altweitra).
a) Sandstones and conglomerates in an 8 m high quarry face.
b) Detail from the same quarry face in Ulrichs near Weitra. The sandstones and conglomerates are intercalated by several loam-, iron-oxide- and coal seams.
Today the former quarry is beveled and covered with vegetation.
Photos: B. SCHWAIGHOFER, September 1966.



2) the Reinprechts  Bas in (HAUER, 1952: 31; see Text-
Fig. 2) with brick pelites, and

3) the Ober-Lehmbach Basin (HAUER, 1952: 34. cf.
Text-Fig. 2), running parallel to the above-mentioned
Stropnice-graben from the village Ober-Lehmbach (8
km ESE of Gmünd) northwestwards to the frontier vil-
lage Pyhrabruck on the flat Malše-Lainsitz divide. In
1973 at the northwesternmost end of Pyhrabruck a well
was dug in muddy sediments, in which my friend
Michael HERMANN, Vienna, who has an expert knowl-
edge of the local geology, found a pelitic layer with hun-
dreds of marcasite-rhizomorphs.

3.3. A Short Outline
of the Research History

and the Geological Character
of the Gmünd Beds

Franz RIEPL (1822: 280) wrote of thin iron clay beds,
exposed at the surface, extending from Gmünd to Veselí
nad Lužnicí/Wesely, which can be found

“ ... within sand- and loam-filled synclines”.

Paul Maria PARTSCH (1824: 16–17) noted down the sed-
iment successions of ironstone mines near the villages
Klikov/Klikau, Chlum u Třeboně/Chlumetz and Rap-
šach/Rothenschachen, 11–21 km NNW of Gmünd, men-
tioning clays bearing single wood trunks, of compact iron
stone beds (limonite ore), occasionally with leaf impres-
sions, and of sands, consisting of quartz and feldspar
grains.

Franz Xaver ZIPPE (1841: X, XVIII) used the terms “Bud-
weis Plain”, “Wittingau Plain”, sketched their sediments
and outlined them as Tertiary formations.

During the first general mapping by the Kaiserlich-
Königliche Geologische Reichsanstalt – i.e. the then Aus-
trian geological survey – Constantin Freiherr VON ETTINGS-
HAUSEN (1852) recognized plant fossils in an iron clay that
had been sampled near Třeboň by Ferdinand VON LIDL, and
which later on were identified by August Emanuel Ritter
VON REUSS (1854: 81) as

“ ... numerous leaf impressions of dicotyledons”.

Marcus Vincenz LIPOLD (1852: 103) wrote that the “terti-
ary basin of Gmünd” is connected with the “tertiary basin of
Wittingau [Třeboň]” and that it was possible to determine
the age of the latter by plant remnants included in clay-
stone beds and red ironstone beds.

Johann CŽJŽEK (1854) gave a precise description of the
freshwater sediments of the South Bohemian Basins, men-
tioning, among other things, their lignite seams and, in
places, their silicified wood. He subdivided the bed succes-
sion of the basins in a lower succession and in an upper
section.

Underneath Gmünd, inexploitable coal seams were re-
corded at least as early as 1862 by Franz PATZNICK (1874:
18), then municipal secretary of Gmünd.

In 1902 Carl KORTE & Co. (1903) dug sixteen hydrogeo-
logical exploration wells at both Lainsitz embankments
between Gmünd and the village of Breitensee (Text-Fig. 2)
to a depth of max. 15.1 m below the surface, and an expert
opinion by Prof. Arthur OELWEIN (1904) resulted in first
insights in the succession of the sediment beds of the
Gmünd surroundings.

The newspaper articles “Gmünd Bahnhof. Geologisches”
(1905; “Gmünd railway-station. Geological remarks”) and
“Gmünd. Unser Tertiär” (1906; “Gmünd. Our Tertiary sedi-
ments"), misinterpreted coal seams, e.g. 1 m below the

then railway station of Gmünd (today of »eské Velenice),
as ash of burnt plants.

In 1908 the chaplain and catechist Friedrich DWIRKA
(1911, no. 17), founder of the Town Museum Gmünd, tried
to reconstruct from numerous waterpipe trenches dug in
the old-town of Gmünd the following local ideal profile,
which he took from the bottom upwards to be: granite, thin
blue loam, up to 6 meters thick sand with

“ ... fine layers of sandgrains, most different in shape and
colour”. a “thin layer of silvery shining, white to bright grey
clay ... ”

and uppermost

“ ... 4 to 5 meters thick bluish grey loam."
Around 1910 the current knowledge of the South

Bohemian basin sediments, for which KATZER (1904, 1905)
used the term “Binnenlandtertiär” (i.e. Inland Tertiary), was
extensively revised.

REININGER (1907; 1908: 488) compared the results of
numerous borings in the »eské Budějovice Basin and con-
sequently partly called the stratigraphical subdivision by
CŽJŽEK (1854) and Franz Ritter VON HAUER (1869: 47–48)
in question.

After Josef Emanuel HIBSCH (1913: 487–490, 499) had
reviewed many plant fossils of South Bohemia, he related
the sediments of the Třeboň Basin to the Oligocene.
Except for Wilhelm Josef PETRASCHECK (1926–29: 465;
1929: 362), who judged their age as

“ ... not more than Tertiary",
HIBSCH’s stratigraphical classification stayed undisputed
for a long time.

In 1929 on the premises of the textile processing factory
in Gmünd, Weitraer Straße 115, a boring was drilled
through numerous variegated sand- and mudstones. At a
depth of 24.25–24.50 m and 25.0–25.20 m it penetrated

“ ... black clay (shale) ... ” (Lagerung der Bodenschich-
ten etc., 1929)

most probably two coal layers. Richard ENGELMANN (1938:
95) documented a 5 m deep profile of

“ ... clayey, ferriferous, intensively consolidated, in parts
significantly lamellar sand with quartz, mica and usually
kaolinized feldspar",

exposed in a brick earth deposit (with beds, dipping to the
W [Rupert HAUER, 1952b: 31]), exploited then, but aban-
doned and recultivated today, situated at about 454 m
a.s.l., N of the pass Am Waller, by the western side of the
road crossing the Eichberg-ridge-horst.

The former production of earthenware and stoneware of sediments
from the Gmünd Bay and its surroundings has a long tradition: Already
since late medieval resp. early modern times potters' guilds have existed in
Weitra, Gmünd, Litschau, Heidenreichstein, and probably in Schrems
(HAUER, 1951: 107–114).

In several places temporarily small quantities of bricks of inferior quali-
ty have been baked for the local needs, e.g. at Gmünd, Wielands, Rein-
prechts, Am Waller etc. (RAUSCHER, 1931: 115–116), Kleineibenstein and
Gopprechts. Nevertheless, in this area all clay deposits explored in the
recent past – “Tonfunde im Waldviertel” (1932), MAYRHOFER (1935: 82),
LECHNER (1949, 1953), OSTADAL (1953), RIEDL (1959) – seemed to be
unworkable resp. unprofitable for an exploitation by industrial ceramics for
a prolonged period.

The first person to realise the Cretaceous age of sedi-
ments in Klikov – a village, some 17 km NNW of Gmünd -
from Aralia decurrens, Aralia formosa and Credneria laevis im-
pressed into greyish mudstones, was the Czech paleontol-
ogist František NĚMEJC (1938a; 1938b). 

The petrographer Rudolf OSTADAL (1942), who later
became custodian of the Town Museum Gmünd, a friend of
WALDMANN, documented a 200 m long, 1–2 m deep expo-
sure of Gmünd Beds, opened along the railway line for a
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short time, 200–400 m ESE of the present Austrian railway-
station's waiting-hall at Gmünd. This cutting was dominat-
ed by a sandy, light grey to bluish grey, partially brownish
clay, containing single quartz pebbles of varying grain
sizes, with an average size of 8–10 cm in diameter. In
places they were arranged in pebble-strings.

PETRASCHECK (1944, Fig. 26 and p. 101) reported sedi-
mentary quartzites (Knollensteine)

“ ... from the environs of Gmünd ... ",
without giving any particulars. 

During many years the Austrian petrographer Leo WALD-
MANN (1930: 40–41; 1931: 31–32; 1932: 33–34; 1933: 28;
1934: 30; 1935: 26; 1936: 46–47; 1937a: 58–59;1937b:
145; 1938a, 1938b: 118;. 1943: 6–8; 1958, 1966, 1966/67,
1967) geologically mapped the northwestern Waldviertel
and recorded its sediments. In the following statement
(WALDMANN, 1951: 15–16) the Gmünd Beds represent

“ ... flat-lying, multicoloured, alternating, mostly sandy
clays to sands of various grain-sizes, here and there contai-
ning dispersed lines of quartz-pebbles. The sand- and clay-
layers are not continuous ..., but are interlocked and often
lenticulated. Locally, some sand beds are cemented by clay
or brown haematite. Frequently the rock basement has been
kaolinized, disintegrated into boulders and consolidated
into boulder pavements. W of the Gmünd Bay, between
Borovany and Ledenice, a diatomite-layer is included in
the clays. There is a significant difference between these
pelites together with their associated deposits and younger,
cross-bedded, coarse and fine, quite thick sandbeds, now
and then containing pebble strings. These younger sands
overlay or lean against the furrowed Gmünd Beds, and
where the Gmünd Beds have been removed from the base-
ment erosively, these younger sands cover crystalline rocks or
lean against them. 
Borings within the basin W of Gmünd showed a thickness
of more than 100 m. In the alluvial plain of the river Lain-
sitz near Klein-Eibenstein, the crystalline basement is situ-
ated ... [about 45 m below the terrain], and near the Aus-
trian railway station of Gmünd granite was cut ... [at a
level of up to 30 m below the surface]. The old-town of
Gmünd is located on a granite-island, an old cut-off,
mantled by Gmünd Beds. ... Numerous eminences of the
granite underground within the continental ... Gmünd
[Beds] point to a well dissected granite landscape, buried
by fresh-water deposits. ... Marine or brackish formations
are completely lacking. ... Thus the hypothesis of a draina-
ge from Bohemia is rather probable” 
During the turbulent times of the Second World War and

of the years afterwards NĚMEJC’s (1938a,b) really great dis-
covery remained nearly unnoticed outside Czechoslovakia.
Though most important for the stratigraphical knowledge of
the South Bohemian Basins, it became internationally
known only as late as during the fifties and sixties. For
example, VETTERS (1947: 41–42), DORN (1951: 263–264)
and HAUER (1952: 15–16) saw the sediments as Tertiary,
and even PAPP & THENIUS (1962) wrote that the age of the
Gmünd Beds was

“ ... doubtful (?Miocene) ... ”.

3.4. The South Bohemian Sediments
3.4.1. Trendsetting Czech Findings

on the Geology
of the South Bohemian Sediments

But in the meantime, many Czechoslovakian earth scien-
tists had turned their attention towards the South Bohemi-
an sediments. Intensive field-work was carried out and
numerous, mainly paleontological articles on localities of

the »eské Budějovice and Třeboň Basin, were published.
As it is not possible here to mention all deserving Czech
pioneers, cp. the extensive bibliography by CHÁBERA
(1987, 1989). The multitude of new geological discoveries
required a new terminology of the Mesozoic and Tertiary
stratigraphical units of the South Bohemian Basins, which
had been termed and characterized during a working con-
ference, held at »eské Budějovice in 1960 (MALECHA &
©PINAR, 1960), resulting in the following stratigraphical
units separated by hiatuses: Klikov Formation, Lipnice For-
mation, Zliv Formation, Mydlovary Formation and Ledenice
Formation (MALECHA & ©PINAR, 1962). Later, MALECHA
(1964: 423–424; 1966: 592) assumed that the Klikov For-
mation is an equivalent to the Gmünd Beds, and that it was
probably deposited simultaneously with the Lower and
Middle Gosau Beds in the Northern Calcareous Alps. In
1968, the uppermost part of the Mydlovary Formation was
recognized through diatoms as an indvidual stratigraphical
unit (ŘEHÁKOVÁ, 1969a, b, c) and was named Domanín For-
mation (Text-Fig. 1). 

3.4.2. The Stratigraphy
of the South Bohemian Basins

Thus the stratigraphy of the South Bohemian Basins can
be differentiated into sediment series, specified below (see
MALECHA, 1964, 1966; SLANSKÁ, 1974; MALECHA & SUK,
1985; CHÁBERA, 1998): 

The up to 340 m thick Kl ikov Format ion,  which before
1960 was subsumed in the terms pestrá série (meaning
variegated sequence or varicoloured series), or Zliv Series,
or Zliv-Gmünd Series, overlays the deeply weathered crys-
talline basin floor, or buries – only locally within the »eské
Budějovice Basin – Upper Paleozoic and Permo-Carbonif-
erous graben fillings respectively, called Budějovice For-
mation or »eskobudějovice Formation. It contains fluvio-
lacustrine freshwater sediments and, according to paleon-
tological and palynological research, belongs to the Upper
Cretaceous.

After a hiatus of some 30 million years, the freshwater
sedimentation of the 30 m thick L ipn ice Format ion set
in, not earlier than towards the end of the Paleogene.
Although unfossiliferous, it seems to be Oligocene, be-
cause of its petrology – basal unconsolidated sands and
gravels or limonite-cemented conglomerates. Above them
sandy kaolinic clays, which frequently show dark red and
purple stains, superimposed by whitish grey to yellowish
brown kaolinic sandstones and uppermost by a typical
greyish yellow quartzite-layer – are very similar to
Oligocene sediments of Northwest Bohemia.

The nearly 20 m thick (?Helvetian resp. ?Ottnang-
ian–Carpathian) Z l iv  Format ion as well as the max. 120
m thick (?Tortonian resp. ?Badenian) Mydlovary For-
mat ion contain diatomites, demonstrating their Lower to
Middle Miocene age and in part their brackish origin, indi-
cating repeated – at least four – short ingressions from the
Alpine-Carpathian syncline. In biostratigraphical respect
both formations are nearly analogous. However, they are
interrupted by a diastem, and their lithology is different:
While the Zliv Formation consists of basal greyish green
sandy clays with sand lenses, gradually changing from bot-
tom to top into strongly silicified sandstones and conglom-
erates (e. g. the “Zliv conglomerate”, forming topographical
elevations), the Mydlovary Formation bears basal greyish-
green clayey sands or sandstones, changing as one moves
upwards into olive-green clays, dark-grey coaly clays and
xylites, uppermost buried by greenish diatomaceous clays.

The max. 30 m thick (?Sarmatian–?Pontian) Domanín
Format ion,  characterized by grassgreen or greyish
green sandy clays to clayish sands with thin coal inserts
(ŘEHÁKOVÁ, 1991: 156), as well as the almost 20 m thick
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Pliocene Ledenice Formation, with typical bluish grey
sands and sandy kaolinic clays, locally including brown
coaly clays, represent lacustrine environments. For more
mineralogical, petrographical and geological details, cp.
Table 1. Furthermore, moldavite-bearing sediments with a
quite problematic Upper Miocene to Holocene stratigraphy
(BOUŠKA, 1972; BOUŠKA & KONTA, 1986: 26–35) occur
locally in both South Bohemian Basins.

During the Quaternary, relatively thin sediments, namely
fluvial accumulations (especially river terraces), talus

material, solifluidal sands, dune sands, weathering residu-
als, and peat bogs among others were deposited.

3.4.3. The Klikov Formation

3.4.3.1. Biostratigraphy

Among those who compiled remarkable outlines of the
paleoflora of the Klikov Formation have been NĚMEJC
(1961), NĚMEJC & KVAČEK (1975) and KNOBLOCH (1985).
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Table 1.
Mineralogical, petrographical and geological features of the sediment formations of the South Bohemian Basins.
From SLANSKÁ (1974), slightly modified.



The macroflora is characterized by fossil leafs, im-
pressed into grey clays or reddish ferriferous sandstones
(documented by NĚMEJC, 1955, 1968; KNOBLOCH, 1964.
NĚMEJC & KVAČEK, 1975), e.g. of Platanophyllum laeve (VELE-
NOVSKÝ) NĚMEJC, Debeya haldemiana (HOSIUS et VON DER
MARK) DE SAPORTA et MARION, D. insignis (HOSIUS et VON
DER MARK) KNOBLOCH, Araliophyllum elongatum NĚMEJC,
A. němejcii KNOBLOCH, Quercophyllum gracile (DEBEY) NĚMEJC,

Q. pseudodrymejum (VELENOVSKÝ) NĚMEJC, Myricophyllum serra-
tum VELENOVSKÝ sp. (SOUKUP, 1968).

While the Geinitzia – Dammarites – Credneria – Platanophyllum –
Quercophyllum – Debeya taphocenose allows no more exact
stratigraphical classification than Upper Cretaceous, since
1956 extensive paleopalynological investigations by Ms.
PACLTOVÁ (1958, 1959) have shown a characteristi assem-
blage of pollen grains and spores, especially various repre-
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Text-Fig. 4.
Generalized section through the sediments of the Klikov Formation, and the most common types of cyclothems.
From SLANSKÁ (1976, Fig. 2).



sentatives of the family Abietineae, many types of the
Normapolles group (PACLTOVÁ, 1981) and spores of Pterido-
phyta, which point to an early Coniacian (without provably
excluding Turonian) to a middle Senonian at the utmost –
thus as a whole predominantly Santonian – sedimentation
of the Klikov Formation. These results have been re-exam-
ined and proved true by Ms. PACLTOVÁ herself (PACLTOVÁ,
1990), who in recent years has been emphasizing the
partly marginal character of the sedimentation facies
(PACLTOVÁ, 1996, friendly postal information). 

Paleocarpolog ica l  analyses (KNOBLOCH & MAI,
1986) of coalificated fruits and seeds have ascertained 92
different genus within the Klikov Formation, which prove its
Upper Turonian up to Santonian age and its similarity to the
Senonian floras of the Aachen – Limburg area (KNOBLOCH,
1997).

The paleofauna is represented by abundant shells of
Conchostraca, for example by the genus Lioestheria
DEPÉRET et MAZERAN and Lioestheria blanensis HOUŠA et
©PINAR of insects by tube-cases of the caddishflies Tri-
choptera and elytrons of beetles of the families Cupedidae,
Curculionidae and Carabidae (HOUŠA & ©PINAR, 1960). 

3.4.3.2. Lithostratigraphy

The Klikov Formation is a terrigenous freshwater series
of clastic sediments, sometimes with varying degrees of
consolidation within one and the same stratum. In some
cases, therefore, one and the same arenitic sediment could
be rightly classified either as sand or sandstone. To simpli-
fy matters, in this chapter only the terms conglomerates,
sandstones, mudstones and claystones will be used, sub-
suming all degrees of consolidation, even those of rather
moderate compactness.

The Klikov Formation represents a more or less regular-
ly repeated red bed association with the following bed
types (SLANSKÁ, 1976: 138):
A) Light grey or light yellow [to light brown] sandstones,

with grains ranging from coarse to fine, occasionally
(near the base) conglomeratic, rarely laminated, often
with graded bedding, interpreted as fluvial fans or chan-
nel sediments.

B) Finer-grained red beds, i.e. brownish red or brown or
dark red medium to fine-grained muddy sandstones,
sandy mudstones or sandy claystones, usually poorly
sorted. Their red pigment – iron oxides or hydroxides –
probably deriving from red upland soils from their
source area, deposited on a flood plain or less fre-
quently in shallow lakes. 

C) Grey beds, i.e. greenish grey or very dark grey coarse-
to fine-grained sandstones, mudstones and claystones
with varying amounts of carbonized plant debris and
pigment (coloured according to the amount of organic
matter they contain), partly laminated, most probably
swamp or lake deposits, and better sorted than A and B.

Quite monotonously, the mineralogical composition of
the sand fractions of the three types is dominated by
quartz, feldspar, mica and partly by lithic fragments
(derived from the crystalline rocks surrounding the basin).
Within their clay fractions they mainly contain kaolinite.
Red beds and grey beds are mostly greywackes, sub-
greywackes or arcosic classes (SLANSKÁ, 1974: 391). The
degree of roundness, in most cases subangular to angular,
indicates textural immaturity and short sediment transport
distances of some kilometres to few tens of kilometres
(DOMÁCÍ, 1979: 149, 158). The three types of sediment
alternate in asymmetrical cycles (SLANSKÁ, 1974: 391).
Their lithological sequence outlined above, is an idealized
one. In fact, the red beds and grey beds have no definite
position in respect to each other, taking alternatively the
second or third place within a sequence, which can be one

meter to tens of meters thick. Each member can replace
the other one, but red beds are more frequent than grey
beds. SLANSKÁ (1974: 393–394, 1976: 139–145) interpret-
ed the sequences as numerous small-scale cyclothems,
forming large-scale cyclothems (Text-Fig. 4). The large-
scale cyclothems are influenced by the paleogeographic
changes and the tectonic development of the South
Bohemian Basins. Owing to the rapid vertical and lateral
variations of their sedimentary lithology, their usually grad-
ed bedding, poor sorting and near lack of fossils, the
deposits are similar to the

“ ... fluviatile facies of molasse, known as ’flysch in molasse’ ...”
(SLANSKÁ, 1976: 135).
This means that the beds of the Klikov Formation

“ ... were deposited from fluctuating currents and periodi-
cally overloaded streams in an alluvial and/or lacustrine
environment, continuously suffering from tectonic unrest,
emanating from the Alpine-Carpathian geosyncline.”
(SLANSKÁ, 1976: 135, 160).
The lateral expansion of a cyclothem is not great. The

attempt to correlate individual sections from different parts
of both basins, based on a single cyclothem, was not suc-
cessful. It seems more realistic to assume larger units,
composed of several cyclothems. From this follows that the
Klikov Formation consists of three megacycles (Text-Fig.
4). The first, predominantly muddy megacycle, containing
units rich in vegetable fragments and pigment, comprises
6–10 cyclothems. The second one, comprising 9–12 cyc-
lothems, covers the first one totally and spreads beyond its
boundaries. Coarse sandstones mark the base of the sec-
ond megacycle, overlain by fine, mainly red sediments.
The first and second megacycles fill the »eské Budějovice
Basin completely, but in the Třeboň Basin they are restrict-
ed to its central and southern parts. They correspond to the
lower unit of the Klikov Formation (which stretches into the
Gmünd Bay). The third megacycle, consisting mainly of
coarse sandstones alternating with multicoloured sandy
claystones without grey beds, represents the upper unit of
the Klikov Formation and extends over the »eské Bu-
dějovice Basin as a whole and over the northern and cen-
tral part of the Třeboň Basin (SLANSKÁ, 1976: 142–144). 

3.5. Observing and Examining
the Gmünd Beds Macroscopically

The opinion, that sediments of the Klikov Formation con-
tinue from »eské Velenice to Gmünd (MALECHA, 1964: 413.
1966: 584; SOUKUP, 1968: 165; THENIUS, 1974: 36; DEL-
NEGRO, 1977: 18; FUCHS, 1977: 238, 1980: 164. MALECHA,
& SUK 1985: 38; TOLLMANN, 1985: 676; CHÁBERA, 1999:
22), meets with unanimous approval. However, their exact
limits within the Gmünd Bay are not clear in detail, because
this terrain lacks exposures. 

Several excavations, opened during the last two dec-
ades around the old and new town of Gmünd (Text-Fig. 2),
showed parts of the sediment formation lying near the top
of the soil.  I have described the most revealing ones.

Of all excavations I have tried to take photographs, but
unfortunately some important pictures turned out to be of
no use. A sketch profile has been drawn of all the bed suc-
cessions, projecting the measured bed-thickness geometri-
cally onto a vertical plane (Text-Fig. 13). I wish to express
my thanks to the construction company LEYRER & GRAF,
Gmünd, and to the district surveyor's office Gmünd for
assisting me with gaining altitude dates of some of the
exposures. 

In the text below the bed thickness is given as I have
measured it on its inclined cross sections. The colours of
the pit-moist sediments, seen under natural daylight, are
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defined in the terms used by OYAMA & TAKEHARA (1970).
The grain sizes have been estimated (by moistening half a
handful of every sediment-sample up to its flow-limit, while
kneading and rolling it between clean fingers) according to
the definition of ATTERBERG (1905), and the roundness-
degrees according to POWERS (1953). 

If not specified differently, the bed-boundaries are con-
tinuous and horizontal or subhorizontal, the roundness-
degrees of the sand fractions subangular to subrounded,
the main sand-components being quartz and feldspar. As
far as I have been able to find out, the uppermost bed or
beds of the sediment-successions examined seem to be
scarcely or not at all influenced by Pleistocene cryoturba-
tion processes.

The following is a selection of some of the lithostrati-
graphical profiles of Gmünd Beds that I have documented:
the bed successions I, II, III, IV and V. (Text-Fig. 5 shows
their location.)

I) Western longside of the basement excavation
of the house Bahnhofstraße 20, Gmünd,
at the crossing Bahnhofstraße – Schlossparkgasse
(Austrian federal referencing grid [Bundesmeldenetz] 6909:
easting: 650950, northing: 404575)

In January 1984 a surface inclined at about 70° was
opened up, dipping to the E, exhibiting the following
Gmünd Beds below a ground level of ~490 m a.s.l. (Text-
Figs. 5, 6 and 12):
(I-11) 0.00–0.35 m: Dull yellowish brown (10YR 5/4) muddy sand,

anthropogenic.
(I-12) 0.35–0.55 m: Greyish yellow brown (10YR 4/2) fine-sandy

mud. Rooting. Lower bed-boundary wavy.
(I-13) 0.55–0.90 m: Dull yellow orange (10YR 6/4) sandy mud-

stone with sporadic, white, subrounded to rounded medium-

yellowish brown (10YR 6/6) streaks. It fills a 25 cm elongat-
ed, planar lens, which in parts is underlain by a 2–3 cm flat
seam of light greenish grey (10GY 8/1) fine-grained sand-
stone.

(I-10) 2.35–3.05 m: Dull yellow orange (10YR 6/4) muddy sand-
stone with light brown (7,5YR 5/6) and light brownish grey
(7,5Y 7/1) streaks. Lower bed-boundary indistinct.

(I-11) 3.05–3.25 m: Grey (7,5Y 5/1) fine to medium-grained sand-
stone, including clasts of light grey (7,5Y 7/1) sandy mud-
stone and bluish black (10BG 2/1) coal fragments. Bed-
sole, inclined ~25° and dipping to the S, is curved and
sharp.

(I-12) 3.25-3.40 m: White to light grey (5Y 5/2) China clay, within
its lowermost parts including chips of smoky quartz with
elongations up to 6 cm. Lower bed-boundary blurred, grad-
ing to

(I-13) 3.40–3.80 m: Red (10R 4/8) mudstone, interveined by pale
yellow (5Y 8/4) to light grey (5Y 8/2) mudcracks. In places
interspersed with very fine-fragmented coalified plant-
remains, and white-dotted by intensively kaolinized
feldspars. 7.5 m E of the bottom of this exposure, the under-
lying beds have been opened (Text-Fig. 8). The top of their
surface, inclined ~70° and dipping to the N, corresponds in
altitude with the bottom-level of the exposure described
above:

(I-14) 3.80–4.15 m: Brown (10YR 4/6) mudstone, in places includ-
ing light yellowish brown (10YR 6/6) streaks. Crossed by a
3–12 cm thin black coal seam. Lower bed-boundary of (I-
14) is inclined ~12°, dips to the W, is sharp, wavy and
curved.

(I-15) 4.15–4.40 m: Pale yellow (2,5Y 8/4) to greyish yellow (2,5Y
7/2) sandstone with intensively mouldered granitoid frag-
ments (saprolite clasts) with diameters up to 9 cm, the
feldspar of which totally has been altered to kaolinite. In
places the sand is bright reddish brown (5YR 5/6) mottled.
Grading to
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gravel of quartz up to 13 cm
in diameter. Lower bed-
boundary indistinct.

(I-14) and (I-5) 0.90–1.50 m: Bright
brown (7,5YR 5/6) to dark
reddish brown (5YR 3/6)
sandy mudstone with bluish
grey (5BG 6/1) spots, which
includes lenses of dull-red-
dish brown (5YR 5/4) to dull
yellow (2,5Y 6/4) angular
sandstone. Lower bed-
boundary curved and
blurred.

(I-16) 1.50–1.72 m: Dull brown
(7,5YR 5/4) sandy mudstone
with light grey (10Y 7/1) and
reddish brown (5YR 4/6)
spots. It breaks into angular
clasts. Bed-sole very sharp.

(I-17) 1.72–1.77 m: Dull yellow
orange (10YR 7/3 to 10YR
6/4) fine- to medium-grained
sandstone, poor in mud.
Grading to

(I-18) 1.77–2.20 m: Light grey
(7,5Y 8/2) to light yellow
(2,5Y 7/3) fine to medium-
grained sandstone, without
or nearly without mud, sub-
horizontally laminated. Grad-
ing to

(I-19) 2.20–2.35 m: Light greenish
grey (5GY 7/1) muddy sand-
stone, containing some light

Text-Fig. 5.
Topographical position of the openings of
Gmünd Beds, which are documented
here.



Text-Fig. 6.
Succession of Gmünd Beds (I) at the basement excavation of the house Bahn-
hofstraße 20, Gmünd.
Uppermost beds: (I-1) to the red bed (I-13).
Photo: K.H. HUBER, January 1984.

Succession of Gmünd Beds (I) at the basement excavation of the house Bahn-
hofstraße 20, Gmünd.
Lowermost beds: (I-14), with a thin coal seam, to (1-16).
Photo: K.H. HUBER, January 1984.
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Text-Fig. 8.
Gmünd Beds at the highest point of the pass Am Waller (II), exposing two
coaly mudstone beds (II-12) and (II-14), which seem to be unsuitable for
palynological investigation, and the grey beds (II-17) to (II-20).
Photo: K.H. HUBER, July 1984.

(I-16) 4.40–4.90 m: Light grey (10Y 7/1 to 10Y 8/1) kaolinic mud-
stone, in places showing dull yellow orange stains. Bed-sole
underneath the groundwater table.

II) Slope cutting near the highest point of the road
at the pass Am Waller
across the Eichberg-ridge horst
between Dietmanns and Altweitra
(Austrian federal referencing grid [Bundesmeldenetz] 6913:
easting: 645590. northing: 399895)

In July 1984 the eastern slope of the road-trench oppo-
site the junction of the signposted road way Güterweg
Altweitra and the main road was opened (Text-Fig. 5). It
was inclined about 40°, dipped to the W and showed the
following succession of Gmünd Beds below a ground level
of ~565 m a.s.l. (Text-Figs. 8 and 12):

(II-1) and (II-2) 0.00–1.40 m: Greyish yellow brown (10YR 4/2)
sandy mudstone, humous, crumbly, loose, with rooting.

(II-3) 1.40–2.10 m: Brown (10YR 4/4) to dull yellowish brown
(10YR 5/3) sandy mudstone, poorly sorted. Grading to

(II-4) 2.10–2.50 m: Yellowish brown (10YR 5/8) fine-sandy mud-
stone, non-laminated, including in places small, up to 4 cm
elongated, single lenses of rust-brown coarse-grained sand-
stone. Wavy lower bed-boundary.



(II-15) 2.50–2.90 m: Yellowish brown (10YR 5/8) fine-sandy mudstone
with an irregular, nonparallel fissible bedding or up to 3 mm thin
lamination.

(II-16) 2.90–3.10 m: Light grey (5Y 7/2) to greyish olive (5Y 6/2) mud-
stone, non-laminated, with dull yellow orange (10YR 6/4)
streaks. Grading to

(II-17) 3.10–3.45 m: Greyish olive (7,5Y 6/2) to brown (10YR 4/6), fine
or medium-grained sandy mudstone. Bed-sole indistinct.

(II-18) 3.45–3.80 m: Nearly identical with (II-6), but with a higher sand-
content.

(II-19) 3.80–3.90 m: Dull yellow orange (10YR 7/4) to yellowish brown
(10YR 5/8) sandy mudstone, representing a single flat lens of a
lenticular bed with lens-elongations of about 15 cm on average.
Grading to

(II-10) 3.90–4.30 m: Dull yellow orange (10YR 6/4) sandy mudstone,
with discontinuous, wavy, nonparallel lamination.

(II-11) 4.30–4.47 m: Dull yellowish brown (10YR 5/4) to greyish yellow
brown (10YR 4/2) sandy mudstone, with bright yellowish brown
(10YR 6/8) streaks, with brownish black (10YR 3/2) mottles and
with single, continuous, 1–2 mm thin planar laminations of dull
yellow orange (10YR 7/3) sand. Lower bed-boundary well
defined.

(II-12) 4.47–4.65 m: Brownish black (10YR 2/2) coaly mudstone, includ-
ing brown (10YR 4/6) to bright yellowish brown (10YR 6/6) angu-
lar gravelly grains of sand. Within their coaly mudstone matrix
the gravel individuals have no preferred orientation. In places,
the coaly mudstone-matrix includes up to 20 cm elongated and
up to 8 cm thick flat lenses of sandstone, which is very poor in
mud. Gradual transition to

(II-13) 4.65–5.00 m: Yellowish brown (10YR 5/6) sandy-gravelly mud-
stone with dark greyish (2,5Y 4/2) and brownish black (2,5Y 3/1)
mottles. Compact and hard. Includes single, up to 1 cm elongat-
ed coaly-clay clasts. Irregularly wavy, but sharp lower boundary.

(II-14) 5.00–5.40 m: Black (7,5Y 2/1), with a greasy lustre, coaly clay-
stone to coaly mudstone with a high water-content. When drying,
contracting fast and breaking into lumpy clasts. A sample of
(II-14), macerated by the palynologist Reinhard ZETTER, Vienna,
has proved the material to be unsuitable for further paleopalyno-
logical investigation. Lower boundary indistinct, wavy.

(II-15) 5.40–5.60 m: Greyish olive (7,5Y 6/2) mudstone with single
bright yellowish brown (10YR 6/6) stains. Includes finest brown-
ish black coalified plant-fragments. Compact and very hard.
Continuous transition to

(II-16) 5.60–5.80 m: Bright yellowish brown (10YR 6/8) sandy-gravelly
mudstone with light grey (7,5Y 7/2) mottles, with white dots of
kaolinized feldspar grains, and black dots of coal-fragments.
Continuously grading to

(II-17) 5.80–6.46 m: Greyish olive (7,5Y 6/2) mudstone, and with brown-
ish black (2,5Y 3/1) streaks of coalified plant detritus. (II-18)
6.46–6.54 m: Light grey (5Y 7/1) to grey (5Y 4/1) sandy mudstone,
bearing fine sand within a muddy matrix. Filling a single flat lens
of a lenticular bedding with an average lens-elongation of about
25 cm and a lens-thickness up to 8 cm. The mud-matrix is perfo-
rated by fine cracks, filled with finest detrital coaly substance.

(II-18) is included within (II-17).
(II-19) (II-20) 6.54–7.35 m: Identical with (II-17). Lower bed-boundary

curved, in parts indistinct. (II-21) 7.35–7.90 m: Yellow orange
(10YR 7/6) sandy mudstone with bright brown (7,5YR 5/6)
streaks. It contains single subangular fine-gravel grains of quartz
and lithic fragments. The sediment is lamellated by 2–3 mm thin
sandy and muddy laminae. 

III) Foundation pit of the central sewage plant
of the waste water association (Abwasserverband)
Lainsitz, Fischbachweg 1. Gmünd,
on the left Lainsitz embankment opposite the village Brei-
tensee, within the Gmünder Stadtwald (town forest), adja-
cent to the Austrian/Czech border 
(Austrian federal referencing grid [Bundesmeldenetz] 6909:
4806 – 1c, 2d; see Text-Fig. 6)

In November 1996 I was able to document three profiles of
Gmünd Beds there, lying one below the other – III-D was the
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Text-Fig. 9.
Opening (III-D) of Gmünd Beds, i.e. the uppermost bed succession at the founda-
tion pit of the central sewage plant Gmünd with the red beds (III-D8) to (III-D14).
Photo: K.H. HUBER, November 1996.



uppermost, III-C the middle, and III-A the lowermost cutting
– the three of them together continuously exposing the
nearly 13.5 meters of the local Gmünd Beds' succession
between ~479,3 m and ~466 m a.s.l. As the pit's surface
has been changed by human influence considerably since
1996, some more detailed topographical data are given
here: 

Bed succession III-D was excavated in the southernmost
slope of the sewage plant area, and had been situated in
the westernmost corner of the pit, behind the little trans-
former house of the sewage farm. The outcrop surface of D
was exposed to the N. In 1996 the upper 1.65 meters of the
7 m long outcrop fall line were inclined 40°, the lower part
70°. The outcrop's top was at ~479,3 m a.s.l., the outcrop's
bottom, then at a height of 472,9 m a.s.l., today is covered
by aggradation. The following Gmünd beds could be seen
(Text-Figs. 9 and 12):
(III-D11) 0.00–0.15 m: Brown (7,5YR 4/4) fine-sandy mud.

Humous. Dense rooting. Grading to
(III-D12) 0.15–0.65 m: Orange (7,5YR 6/6) mudstone with light

olive grey (5GY 7/1) mottles. Greasy. Moderate rooting.
Indistinct, irregularly waved lower bed-boundary.

(III-D13) 0.65–1.65 m: Light bluish grey (10BG 7/1) sandy mud-
stone with dull orange (2,5YR 6/6) mottles. Penetrated
by a netted texture of fine polygonal mud cracks, dis-
tanced 3–30 mm from one another. Breaking into lumps.
After drying, colours changed to light olive grey (5GY
7/1) sandy mud with orange (7,5YR 6/6) mottles.

(III-D14) 1.65–1.90 m: Orange (7,5YR 6/6) and light olive grey
(2,5GY 7/1) fine-sandy mudstone, including some up to
25 x 25 cm large clasts of a greyish red (2,5YR 6/2)
sandy mudstone, which contains single coarse-sand
grains of quartz and feldspar.

(III-D15) 1.90–2.65 m: Orange (7,5YR 6/6) to reddish brown (5YR
4/8) muddy sandstone with tiny black (7,5YR 2/1) dots.
Includes angular to subrounded coarse-grained sand to
fine-gravel grains of quartz and feldspar. Hard. A thin,
bright, fine-grained sand-vein, dipping down slanting
from the upper bed-boundary, penetrates the bed. No
distinct lower bed-boundary. Step by step grading to

(III-D16) 2.65–2.95 m: Yellowish grey (2,5Y 6/1) to bright brown
(7,5YR 5/8) fine to medium-grained sandstone, poor in
mud, with black streaks. Indistinct bed-sole.

(III-D17) 2.95–3.05 m: Dull yellow orange (10YR 6/4) muddy
coarse-grained sandstone. Lower bed boundary wavy,
subhorizontal and sharp.

(III-D18) 3.05–3.70 m: Dusky red (7,5R 4/4) mudstone with grey
(N 6/6) and bright yellowish brown (2,5Y 6/6) mottles.
Soft, but not greasy. Breaking into 2–3 cm-elongated
angular lumps. Lower bed boundary well recognizable.

(III-D19) 3.70–3.85 m: Reddish brown (2,5YR 4/6) muddy sand-
stone with olive grey (5GY 6/1) streaks. Grains of the
coarse-sand content are angular. Indistinct lower bed-
boundary.

(III-D10) 3.85–3.95 m: Dull reddish brown (5YR 4/4) muddy fine-
grained sandstone or fine-sandy mudstone with dark
reddish brown (2,5YR 3/6), brownish grey (7,5YR 6/1)
and olive (5Y 5/4) mottles and streaks, breaking into
lumps. Without significant lower bed boundary grading to
(III-D10a) 3.95–4.15 m: Dull reddish brown (5YR 4/4)
mudstone with (5Y 5/4) olive mottles and streaks, break-
ing into lumps. Lower margin indistinct.

(III-D11) 4.15–4.60 m: Greyish red (7,5R 4/2) mudstone with
bright yellowish brown (2,5Y 6/6) to yellow (5Y 7/6)
streaks and mottles, hard, breaking into lumps. Lower
bed boundary quite significant, very intensively waved, in
respect to colour partly recognizable, partly blurred by
greenish grey (10GY 8/1) streaks.

(III-D12) 4.60–5.32 m: Reddish brown (10R 4/6) fine to coarse-
grained sandstone, including light greenish grey (10GY
8/1) lenses and streaks. It contains angular medium-
gravel grains of quartz and shows white dots from angu-
lar kaolinized medium-gravel grains up to 1 cm in diame-
ter. Sharp bed-sole.

(III-D13) 5.32–5.58 m: Greyish red (10R 5/2) muddy medium to
coarse-grained sandstone with light greenish grey

(7,5GY 7/1) mottles and red (10R 4/6) streaks. It con-
tains single angular white and yellow fine-gravel grains
of feldspar up to 3 mm in diameter. Lower bed boundary
well defined.

(III-D14) 5.58–5.68 m: Greyish red (7,5R 4/2) mudstone, very
hard. Includes black, thin, curved, discontinuous black
strings. Without significant bed-sole grading to

(III-D15) 5.68–6.05 m: Light grey (10Y 7/2) siltic sandstone or
sandy siltstone with bright yellowish brown (2,5Y 7/6)
streaks. Continuously grading to

(III-D16) 6.05–6.45 m: Light grey (7,5Y 7/2) fine to coarse-grained
sandstone, poor in mud. Loose. Indistinct lower bed
boundary. Grading to

(III-D17) 6.45–6.65 m: Greenish grey (7,5GY 6/1) muddy coarse-
grained sandstone with dull yellow (2,5Y 6/4) mottles and
streaks. Contains single angular grains of feldspar, up to
5 mm in diameter. Sharp, wavy lower bed boundary.

(III-D18) 6.65–7.00 m: Greyish red (2,5YR 5/2) mudstone with
grey (7,5Y 6/1) mottles. Downward continuously grading
to grey (7,5Y 6/1) sand, which near the sole includes
more than 10 cm elongated clasts of dark red (7,5R 3/6)
fine to coarse-grained sandstone. Fissured, penetrated
by a net of fine cracks, filled with orange (7,5YR 6/8)
mudstone. 

Bed succession III-C was situated at a distance of 80
meters and a direction of 77° from D, today covered by the
centre of the southern front of the present preliminary-clar-
ification basin. The outcrop-surface of C was exposed to
the N. On the average, its 4 m long outcrop fall line was
inclined 65°, its top at 472,80 m a.s.l., its bottom at
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Text-Fig. 10.
Opening (III-C) of Gmünd Beds, i.e. – with respect to altitude – the middle bed
succession at the foundation pit of the central sewage plant Gmünd.
The grey beds (III-C12) and (III-C14) contain fine bluish-black coal particles.
(III-C13) and (III-C-15) are red beds.
Photo: K.H. HUBER, November 1996.



469.10 m a.s.l. The following lithostratigraphy was found
here (Text-Figs. 10 and 12):
(III-C1) 0.00–0.40 m: Light greenish grey (7,5Y 7/1) mudstone

with bright yellowish brown (10YR 6/6) mottles. Rooting.
Lower bed boundary partially vague, partly intensively
curved (Pleistocene cryoturbation?).

(III-C2) 0.40–0.55 m: Bright reddish brown (5YR 5/6) sandstone,
filling a subhorizontal single flat lens with indistinct mar-
gins, an elongation of 20 cm and a max. thickness of 7 cm.
It is included in

(III-C3) 0.40–1.22 m: Light grey (10Y 7/2) coarse-grained sand-
stone to fine-grained conglomerate with very thin brown-
ish black streaks and fine cracks. Sole indistinct, curved.

(III-C4) 1.22–1.48 m: Light greenish grey (10GY 8/1) muddy
medium-grained sandstone without sharp bed-margins.
(III-C4) is part of a discontinuous and fragmentary net of
1slanting, irregularly curved, garland-like streaks, pene-
1trating nearly the whole bed-succession. Probably the
1net represents seams of (former) paths of kaolinite sus-
1pension-bearing groundwater, infiltrating the sediment
1beds.

(III-C15) 1.48–1.64 m: Greyish yellow (2,5Y 6/2) muddy sand-
stone, filling a single flat lens (max. 13 cm thick, subhor-
izontal and slightly curved) without clearly defined mar-
gins.

(III-C16) 1.64–1.79 m: Reddish brown (5YR 4/6), continuously
grading to brown (7,5YR 4/6) and to light greenish grey
(10GY 8/1) fine-sand streaks without sharp boundaries.

(III-C17) 1.79–2.30 m: Olive grey (5GY 6/1) coarse-grained sand-
stone to fine-grained conglomerate, very densely dotted
with fine orange (7,5YR 6/6) spots. Distinct, wavy bed-
sole.

(III-C18) 2.30–2.45 m: Dull reddish brown (5YR 5/3) and light
greenish grey (5G 7/1) mudstone with dull orange
(7,5YR 6/4) mottles, lamellated by laminae, thinner than
1 mm. Its upper bed boundary is seamed dark red (7,5R
3/6), its well defined lower one dull orange (2,5YR 6/4).

(III-C19) 2.45–2.60 m: Light greenish grey (7,5GY 7/1) muddy
fine-grained sandstone with dull yellow orange (10YR
6/4) mottles. Hard. Lower bed boundary partly wavy,
partly indistinct.

(III-C10) 2.60–3.05 m: Dull yellow orange (10YR 6/3) muddy fine-
grained sandstone, spotted densely with dull brown
(7,5YR 5/4) dots and single, angular, up to 5 mm elon-
gated fine-gravel-grains of kaolinized feldspar. Bed-sole
wavy and indistinct.

(III-C11) 2.80–2.90 m. Light grey (5GY 7/1) fine-grained sand-
stone, filling a single flat lens that is elongated 20 cm
horizontally and max 10 cm thick. The lens is included in
(IIIC-10) and has blurred margins.

(III-C12) 3.05–3.40 m: Light grey (10Y 7/1) to grey (10Y 6/1)
muddy coarse-grained sandstone with yellowish brown
(10YR 5/6) dots and bluish black (5PB 2/1), more or less
sporadic coal detritus. Coal particle size up to few mil-
limeters. Bed-sole undefinable, wavy.

(III-C13) 3.40–3.65 m: Dull reddish brown (7,5R 5/3) to yellowish
brown (10YR 5/6) mudstone with orange (2,5YR 7/6),
light bluish grey (5B 7/1) and bright yellowish brown
(2,5Y 6/6) mottles. Lower bed boundary indistinct and
blurred.

(III-C14) 3.65–3.85 m: Greyish yellow (2,5Y 6/2) fine to coarse-
grained, very compact sandstone with dull reddish brown
(2,5YR 5/3) and light bluish grey (5B 7/1) streaks and
bluish black (5PB 2/1) coal detritus similar to (III-C12).
Without clear sole, grading to

(III-C15) 3.85–3.90 m: Dull reddish brown (2,5YR 4/4) coarse-
grained sandstone with light yellow (2,5Y 7/4) and light
bluish grey (5B 7/1) mottles. Continuously grading to

(III-C16) 3.90–4.00: Olive yellow (5Y 6/3) sandstone to conglom-
erate, poor in mud. Seems to be included within (III-C15).

Bed succession III-A (Text-Figs. 11 and 12), at a dis-
tance of 85 meters and a direction of 21° from the bottom
of III-D, today is covered by the SW-side of the present
quadrangular activated-sludge-tank, and located some
4 meters SE of the tank’s westernmost corner. The out-
crop-surface, with its top at 469,20 m and its bottom at
466,10 m a.s.l., was dipping app. to the NE. The upper

1.75 meters of the 3.90 m long outcrop-fall-line were
inclined ~35°, the lower part 70°. The former terrain sur-
face today is buried by anthropogenic aggradation.

(III-A1) + (III-A2) + (III-A3) 0.00–1.35 m: Bright brown (7,5YR 5/6)
muddy sandstone, including single lenses or interrupted
strings of light greenish grey (10GY 8/1) mud, which are
laminated horizontally or vertically by up to 2 cm thin
microbeds, and also including up to fist-size, rounded
clasts of light greenish grey (10GY 7/1) muddy sandstone,
rich in white mica. Grading to

(III-A4) + (III-A5) 1.35–1.75 m: Bright brown (7,5YR 5/6) sandy
mudstone with light olive grey (5GY 7/1) clayish mottles
and streaks. Lower bed boundary indistinct.

(III-A16) 1.75–1.85 m: Light grey (7,5YR 8/1) claystone with dull
yellow orange (10YR 7/3) streaks, greasy, lamellated by
laminae, thinner than 1 mm. Some 2 meters NE of the
outcrop the same bed is structured by concave-curved,
slanting microbeds, dipping to the NE (foresetbeds?).
Bed sole sharp, curved.

(III-A17) 1.85–1.95 m: Yellowish brown (10YR 5/6) coarse-
grained sandstone, poor in mud. Lower bed boundary
distinct, curved.

(III-A18) 1.95–2.20 m: Light grey (10YR 7/1) claystone with dull
yellow orange (10YR 6/3) streaks. Laminated. Lower bed
boundary sharp, moderately curved.

(III-A19) 2.20–2.27 m: Bright yellowish brown (10YR 6/8) coarse-
grained sandstone, poor in mud. Continuously grading to

(III-A10) 2.27–2.40 m: Bright yellowish brown (10YR 6/6) coarse-
grained sandstone, poor in mud. Lower bed boundary
distinct, moderately curved.
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Text-Fig. 11.
Opening (III-A) of Gmünd Beds, i.e. the lowermost bed succession at the
foundation pit of the central sewage plant Gmünd with the grey beds (III-A11)
to (III-A16).
Photo: K.H. HUBER, November 1996.



(III-A11) 2.40–2.45 m: Light greenish grey (7,5GY 7/1) mudstone
with orange (7,5YR 6/6) mottles. It bears black, pinhead-
to half-fingernail-size as well as very fine particles of
coalified plant-detritus and white mica. Grading to

(III-A12) 2.45–2.60 m: Light greenish grey (7,5GY 7/1) claystone,
lamellated with laminae thinner than 1 mm. Bearing
finest detritus of coalified plants. Lower bed boundary
sharp.

(III-A13) 2.60–2.75 m: Greenish grey (7,5GY 6/1) fine-gravelly
sandstone with single angular to subangular medium-
gravel individuals of grey quartz, milky quartz and lithic
fragments. Gravel-elongations irregularly orientated.
Very moist. Grading to

(III-A14) 2.75–3.05 m: Greyish yellow (2,5Y 7/2) gravelly sand-
stone with bright yellowish brown (10YR 6/6) streaks,
including thumb to fist-size clasts of light grey (10Y 7/1)
muddy sandstone with indistinct margins. The gravel-
content consists of angular to subangular fine and medi-
um-grained individuals up to 8 cm in diameter of the fol-
lowing petrographical components: milky quartz and
most intensively weathered dull brown (7,5YR 5/4)
quartz, grey quartz and lithic fragments. Indistinct lower
bed boundary.

(III-A15) 3.05–3.20 m: Light grey (7,5Y 7/2) to light greenish grey
(7,5GY 7/1) muddy-gravelly sandstone with dull yellow
orange (10YR 6/4) and dull reddish brown (2,5YR 4/4)
streaks. It includes single subangular to angular fine and
medium-gravel grains of milky quartz, up to 6 cm in diam-
eter, and fist-size rounded clasts of dull brown (7,5YR
5/4) sand. Continuously grading to

(III-A16) 3.20–3.55 m: Light bluish grey (10BG 7/1) sandy mud-
stone with reddish brown (10R 4/4) and dull yellow (2,5Y
6/4) mottles and streaks. Hard. Bed-sole indistinct,
curved.

(III-A17) 3.55–3.90 m: Light greenish grey (7,5GY 6/1) muddy
fine-grained sandstone, nearly equigranular. Rich in
white mica. Bed-sole below the groundwater level.

IV) Foundation pit of the house in Conrathstraße 52
in Gmünd (Text-Fig. 5), a housing-area
at the crossroad Conrathstraße-Stiftergasse
(Austrian federal referencing grid [Bundesmeldenetz] 6909:
easting: 649950; northing: 403375; see Text-Fig. 6)

In November 1989 at the centre of its southeastern long-
side, below a terrain level of 496 m a.s.l., the following suc-
cession of Gmünd Beds was opened in a surface that
dipped to the NW and was inclined ~70° (Text-Fig. 13):
(IV-1) 0.00–0.25 m: Brownish grey (10YR 4/1) to brownish black

(10YR 3/1) muddy humous. Moderate rooting. Lower bed
boundary sharp.

(IV-2) 0.25–0.37 m: Yellowish brown (10YR 5/6) to bright brown
(7,5YR 5/8) fine-sandy mud with single angular medium to
coarse sand-grains of quartz, feldspar and granitoid frag-
ments. Horizontal and parallel lamination. Continuously
grading to

(IV-3) 0.37–0.70 m: Bright brown (7,5R 5/6) fine-sandy mudstone
with light grey (5Y 7/1) and brownish grey (10YR 5/1)
streaks and mottles. Very softly curved, parallel lamination.
Bed-sole horizontal on the whole, wavy in places, marked
by a noticeable, discontinuous sharp black seam, a few mil-
limetres thin, enriched with finest coal detritus.

(IV-4) 0.70–0.97 m: Dull yellow orange (10YR 6/4) fine to medium-
grained sandstone, poor in mud. Horizontal to very softly
curved and subparallel lamination. The fine and medium-
sand amount of (IV-4) consists of angular quartz, angular
feldspar, biotite, much white mica and single well-rounded,
transparent reddish andalusites. With a relatively small
amount of coarse-sand. Furthermore, single fine-gravel
individuals of rounded feldspar and lithic fragments are
elongated up to 1.5 cm. Lower bed boundary distinct,
marked by a thin dark seam, presumably enriched with
finest coal detritus.

(IV-5) 0.97–01.10 m: Dull brown (7,5YR 5/4) muddy gravelly sand-
stone, angular to subangular. The fine-grained gravel con-
tent is composed of subrounded grey and white quartz.
Subhorizontal, subparallel lamination. Bed-sole indistinct.

(IV-6) 0.10–1.50 m: Greyish yellow brown (10YR 6/2) moderately
muddy sandstone, bearing biotite. Coarse-sand content of

grey and milky quartz, of very friable feldspar and of grani-
toid-fragments. Single rounded to well rounded gravels and
pebbles of white, brown and reddish quartz. Subhorizontal
and subparallel lamination. Lower bed boundary curved and
wavy.
Manual digging next to the southernmost corner of the pit
opened two additional beds below (IV-6):

(IV-7) (1.50–~1.70 m) Dark reddish brown (2,5YR 3/4) muddy,
quite well sorted fine-grained sandstone with a inconsider-
able middle-sand content. The sand contains quartz, biotite
and opaque grains.

(IV-8) (~1.70 m–?) Light olive grey (2,5GY 7/1) sandy mudstone
with brown (10YR 4/6) mottles, very sporadically including
fine-gravel grains. Its coarse-sand content is composed of
partly angular, partly subrounded quartz, feldspar and sin-
gle andalusite grains.

V) Some 10 m SW of the western corner
of the foundation pit of the main building
of the General Public Hospital Gmünd,
Conrathstraße 17
(Austrian federal referencing grid [Bundesmeldenetz] 6909:
easting: 650300; northing: 403505; see Text-Fig. 6)

Here, in May 1982, a surface of Gmünd Beds, NW-
exposed and inclined about 65°, was opened below a
ground level of ~500.0 m a.s.l.

The grain size mixtures specified below are named in the
manner of a ternary graph, designed by FÜCHTBAUER &
MÜLLER (in FÜCHTBAUER, 1959, Fig. 5). Its corners have
been marked as silt – sand – gravel, because all samples
contained more sand + gravel than clay + silt. As the sand
and gravel were classified by dry sieving (using a screen
set according to DIN 4022), the resulting contents of the
mud fractions (i.e. of the silt and clay-fractions) quantified
by repeated pipetting of 20 ml from the continuously sedi-
mentating mud/aqua dest. suspension (analysis procedure
proposed by KUBIENA [1929], making use of a modified
pipette apparatus after KÖHN [1928]), may be a little under-
represented. Thus the grain size concentrations, deter-
mined at the Physiogeographical Laboratory of the Vienna
University, should be considered as hypothetical approxi-
mations only. The following beds have occurred (Text-Fig.
12):
(V-11) 0.00–0.95 m: Yellow Eisgarn granite rubble, anthropogenic

aggradation. Lower bed boundary sharp.
(V-12) 0.95–1.35 m: Dull brown, sandy-clayish similigley, contain-

ing single well-rounded quartz pebbles. Grading to
(V-13) 1.35–1.95 m: Light yellow (2,5YR 7/4), silty-gravelly sand-

stone.
(V-14) 1.95–2.15 m: Greyish yellow brown (10YR 6/2) silty-gravel-

ly sandstone.
(V-15) 2.15–2.5 m: Red (10R 5/8) silty-gravelly sandstone, inter-

spersed with red and dark greyish yellow streaks of the
same material. Grading to

(V-16) 2.50–2.90 m: Greyish olive (2,5Y 6/2) silty-gravelly sand-
stone without streaks.

(V-17) 2.90–3.10 m: Light grey (5Y 7/1) clayey sandstone with
subhorizontal and subparallel laminations, a few millime-
tres thin.

(V-18) 3.10–4.60 m: Greyish olive (5Y 6/2) silty-gravelly sand-
stone.

(V-19) 4.60–5.0 m: Dull yellow orange (10YR 6/3) silty-gravelly
sandstone, bearing much water. The base of this bed cuts
(V-10) and (V-11).

(V-10) 5.00–5.45 m: Red (10R 4/6) clayey-silty sandstone with
greyish white streaks, plastic. When drying, breaking into
clasts. It fills a shallow trough within the uppermost part of
(V-11).

(V-11) 5.00–6.90 m: Grey (7,5Y 4/1) clayey-silty sandstone, quite
greasy. At a depth of 6.50 m below the ground level it is
passed through by a black coal-seam which, on average, is
5 cm thick, containing at places bluish black to black lus-
tering concretions, which are platy and very compact, shat-
tering like extremely hard glass when hit hard with a ham-
mer.
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(V-12) 6.90–7.90 m: Light olive grey (2,5GY 7/1) sandstone with
intensively kaolinized feldspars, which can be rubbed
between the fingers.

It was not possible to correlate this bed-succession with
that of the building-ground exploration-drilling Nr. 6, carried
out in immediate vicinity of (V) in 1978 (in MÜLLER [1979]:
enclosures 2/4, 4/2). 

The coal-specialist VINZENZ (1983) described the coal of
bed (V-11) as

“ ... a dull lignite without any internal texture or any het-
erogeneous structure, tending to disintegrate in sharp-edged
cubes and to go bright brown and blue when exposed to the
air for some days. Three microscopically examined polished
sections of the sample showed that the coal completely con-
sists of humocollinite, showing several cell-lumina filled
with resinites. Thus this coal belongs to the maceral type
'telocollinite' and has developed from a homogenous initial
material. Reflectorymetry came to Rmo = 0.28–0.40 %.
Fluorescence observations confirmed that all other dark cell
fillings are resinites (resin). Macerals and mineral compo-
nents (such as pyrite, clay minerals,...) are missing com-
pletely. The petrographical structure does not permit a clear
definition of the degree of coal maturity, but usually the
occurrence of the maceral telocollinite is limited to well
mature dull brown coal and to bright brown coal. It is not
clear whether the coal is auto- or allochthonous, whether it
has developed in a former peat, or whether it is the rest of a
floated tree [driftwood].”
HOCHULI (1983) analyzed the coal of bed (V-11) palyno-

logically:

“In this sample pollen grains and spores are well preser-
ved. The organic remain is composed chiefly of fusinite and
epidermis-fragments. The pollen spectrum is dominated by
spores of the genus Dictyophyllidites, Cicatricosisporites and
Polypodiaceoisporites. Coarsely reticulated forms of the genus
Schizosporis occur quite frequently. Up to now this genus is
known above all from the Neocomian to the Turonian.
Among the Gymnospermae pollen Araucariacidites are predo-
minant. Classopollis could not be shown as yet. Air pocket
pollen are quite rare. In respect to quantity Angiospermae
pollen also are of secondary importance. On the one hand
they represent little tricolporate forms, on the other hand
members of the Normapolles group [Complexiopollis (occur-
rence: Upper Cenomanian to Lower Campanian) and Pli-
capollis (Turonian to Oligocene)].- The pollen spectrum can
be assigned to the deep Upper Cretaceous (probably Turo-
nian). There was no evidence of any marine forms whatsoe-
ver.” 
Latest paleopalynological investigations by Reinhard

ZETTER demonstrate the Santonian microflora of sample
(V-11) to be a highly diversified spore and pollenflora of the
Normapolles province, consisting of ~30 % moss and pteri-
dophyte spores, ~10 % gymnosperm and ~60 % angio-
sperm pollen grains. Among others, characteristic features
of (V-11) are: the remarkable frequency (~16 %) of
Aachenipoliis aachenensis, a tetrad type, within the angiosperm
pollen spectrum (ZETTER, HESSE & HUBER, 2002: 225) and
the newly discovered pollen form (hexaaperturate)
Gmuendipoliis teppneri gen. et spec. nov. (ibidem: 227 and
plate 7/13. 7/14). The palynological results indicate humid
subtropical resp. warm-temperate climatic conditions (ibi-
dem: 227).

3.6. Quartz Pebbles and Silicified Woods
around Dietmanns

In the western part of the Gmünd Bay – in the surround-
ings of Dietmanns (Text-Fig. 2) – evidences of Gmünd
Beds have been found in Wielands, a village on the north-
ern Lainsitz embankment, where a boring at a depth of

more than 85 m beneath the earth's surface entered the
base of the Gmünd Beds, which rest upon an highly
decayed crystalline basement. North of Wielands con-
firmed Gmünd Beds are superimposed by pelitic and
arenitic beds, which stratigraphically are still unidentified.
Their main petrological environment has been differentiat-
ed macroscopically by Reinhard ROETZEL (carefully
mapped, unpublished sheets 1 : 10.000, greatly general-
ized in SCHNABEL, 2002). Here, directly on the border
between Austria and the Czech Republic, a flat hill, named
Grundbühel (Text-Fig. 2), gently emerges, made up of
muddy sediments (STINI, 1944: 2), and partly by laminated
sands and gravels (HAUER, 1924: 16; 1951: 8; 1952b: 32).
The Grundbühel as well as the fields W of it are scattered
with up to double-fist-size subrounded to rounded quartz
pebbles. 

Also the fields 1–1.5 km S of the river Lainsitz, around
Dietmanns, are strewn with subrounded to well rounded,
thumb- to head-size (HAUER, 1928: 2-3) white, yellow,
brownish, black and even reddish brown quartz fragments,
which – like pebbles in other sectors in the W and S of the
basin's periphery (SUESS, 1903: 104) – cross the southern
limits of the western Gmünd Bay. They enter its crystalline
outside, where they cover remarkable expanses more or
less sporadically. Numerous pebbles turned out to be silici-
fied wood. 

It is predominantly the Dietmanns wood fossils – dimen-
sioned like the common plutonic quartz-pebbles, in isolated
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Text-Fig. 13.
Silicified wood from the immediate surroundings of the village Dietmanns
near Gmünd, showing a knot-hole.
Found by F. ZIMMEL, Dietmanns, and part of his private collection.
Photo: K.H. HUBER, November 2001. 

Text-Fig. 14.
Silicified wood from the immediate surroundings of the village Dietmanns
near Gmünd, showing wood grain and wood fissures.
Found by F. ZIMMEL, Dietmanns, and part of his private collection.
Photo: K.H. HUBER, November 2001. 



cases with max. diameters up to >75 cm – which tend to
compact, or elongated, or bladed sphericity (SNEED &
FOLK, 1958). Most of them are compact and generally
showing rounded surfaces. If, as is normally the case,
rounded Dietmanns woodstone surfaces are brownish and
smooth, it is difficult to distinguish them from the common
plutonic quartz pebbles on the ground. Macroscopically
more significant are elongated or bladed woodstones, with
subrounded, subangular and angular contours, where the
plant-anatomical features like knot-holes (Text-Fig. 13),
wood-grain, wood-marking and wood-fissures (Text-Figs.
14 and 15) are more easily recognizable. Bichromatical
ones prevail among the Dietmanns wood petrifications.
Brown and yellowish, respectively brown and whitish
colour-associations dominate, while grey and white, or
black and greyish white colour-pairs are subordinated.
Mostly the colour-pair occurring on the outside and inside

of a silificated wood is identical. Only rarely are the centres
of Dietmanns wood petrifications coloured differently than
their periphery. For example, the black “core” (heartwood?)
of a woodstone cross-section is seamed by a thin greyish
ring (sapwood?), bordering on the section's circumference.
In one single case a cross section, polished by the pebble-
grinder Franz ZIMMEL, Dietmanns, is polychromatical: A
yellowish brown, dark brown and violet fossil-„core", gar-
ish-red-streaked, is seamed by a bluish black outer margin.
Some polished cross-sections show medullary rays (Text-
Fig. 16), wood-vessels (Text-Figs. 16 and 17) and suggest
growth rings, some are perforated by numerous, irregularly
distributed, tiny holes, similar to pin or knitting-needle
sticks. Rarely, the tangential boundaries of woodstones are
sculptured by phenomena, not unlike densely arranged
wood-worm holes and tunnels. 

In spite of the macroscopically often very well recogniz-
able woodlike appearance of these petrifications, they
seem to be microscopically unidentifyable (based on oral
information from the paleobotanist and xylotomist Otto
CICHOCKI, Vienna, who had polished a thin section from a
sample, which turned out to be extremely hard). 

In 1889, the elementary school teacher of Dietmanns,
Josef SCHNEID, for the first time stumbled here on a “wood
opal” (DWIRKA, 1911, no. 20). Later, fossil woods

“ ... with distinct annual rings, knots and pitch, belonging
to ... different wood-types ..."

and an undefined lithificated plant fragment, in the opinion
of DWIRKA (1911, no. 20) a

“ ... petrified fern, the cellular tissue of which has been
interspersed with circular to oval vascular bundles ... ”

were found and integrated into the former collections of the
Town Museum Gmünd (DWIRKA, 1913a: [6]; 1913b, no. 28;
1913c: 10; 1926: 1, TRAUTMANN, 1949: 9; “Das schönste
Stück“, 1952). OSTADAL observed the silicious woods of the
Gmünd Bay to be not autochthonous, but included within
layers of sand and gravel (WALDMANN, 1951: 16).

Since the beginning of the 19th century over and over
again fossil woods have been discovered in many localities
of the South Bohemian Basins (e.g. FRIČ, 873a,b; KUŠTA,
1873, 1879; KATZER, 1892: 1181). The places where they
were found are specified in the regional bibliography of
PRAKASH, BŘEZINOVÁ & AWASHTI (1974: 109–110), who
identified Cupressinoxylon sp. cf. diskoense WALTON, Canarium
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Text-Fig. 15.
Silicified wood from the immediate surroundings of the village Dietmanns
near Gmünd, showing wood grain and wood fissures.
Found by F. ZIMMEL, Dietmanns, and part of his private collection.
Photo: K.H. HUBER, November 2001. 

Text-Fig. 16.
Cross-sections of silicified wood from a field near Dietmanns, demonstrating
clear medullary rays and wood-vessels.
Found and polished by F. ZIMMEL, Dietmanns; part of his private collection.
Photo: K.H. HUBER, November 2001. 

Text-Fig. 17.
Cross-section of silicified wood from a field near Dietmanns.
Found and polished by F. ZIMMEL, Dietmanns; part of his private collection.
Photo: K.H. HUBER, November 2001. 



(Canarioxylon českobudějovicense sp. nov., Canarioxylon sp.),
Mimusops (Manilkaroxylon bohemicum sp. nov.), an unknown
member of Sapotaceae (Sapotoxylon pacltovae sp. nov.), as
well as a member of Lauraceae (Laurinoxylon oligocenium sp.
nov.). In his concise but informative synopsis, Vaclav
NOVÁK (1997) supported the view, that the fragments of the
silicified woody plants , which occur in the Czech part of the
south Bohemian Basins, most probably derive from the
Oligocene Lipnice Formation.

Compared to this, the palynologically (by HOCHULI) con-
firmed Kiscellian, Egerian and Eggenburgian St. Marein-
Freischling Formation (STEININGER & ROETZEL, 1991:
66–85, 1994: 113–114; ROETZEL, MANDIC & STEININGER,
1999: 38, 45) comprises not only poorly sorted sands and
gravels, containing clayey inclusions, a pollen flora within
thin lignite-seams and leaf-impressions (of Sequoia abietina,
Taxodium dubium, Populus hornensis, Zelkova zelkovaefolia, Acer aff.
haselbachense and acer sp. – KNOBLOCH, 1981), but also sili-
cified woods. As this Upper Oligocene to Lower Miocene
formation ends with its westernmost sediment remainders
near Gmünd (STEININGER & ROETZEL, 1999: 76) and as the
Freistadt Tertiary, which ROETZEL (1999: 31) likewise
assigned to the Oligocene bears petrified woods too
(CHÁBERA & HUBER, 2000: 352–353), it is not improbable
that the fossil woods, finally redeposited around Diet-
manns, were subjected to silicification during the Oligo-
cene.

Rupert HAUER spared no effort to judge the age of the lat-
est deposition of the Dietmanns pebbles stratigraphically
(as well as all other pebbles of the Waldviertel region) by
correlating the altitudes of their deposits with the altitudes
of analogous, stratigraphically defined accumulations E of
the Waldviertel region (HAUER, 1952a, 1952b: 176). His
interpretation of nearly all pebble occurrences as alluvial
cones, indicating the shoreline of a freshwater lake that
slowly withdrew across the Waldviertel region into the
Gmünd Basin during the Tertiary, has been criticized.
HAUER felt justified to assume a Middle Helvetian (Ottnan-
gian/Carpathian) (re)sedimentation of the Dietmanns peb-
bles during the Lower Miocene. 

In contrast to this, they are noted as “Quaternary in gen-
eral” by ERICH & SCHWAIGHOFER (1977), and in Text-Fig. 2
as “quartz-pebble occurrences of uncertain age”. I agree
with ROETZEL (unpublished mapping sheets 1 : 10.000,
inserted into SCHNABEL, 2002), that they most probably
belong to the Gmünd Beds, because some years ago a
foundation pit near the northwestern foot of the hill Gug-
gaberg – in the southernmost part of the village Dietmanns
– has cut into a coal seam below the pebbles (friendly oral
information by Mr. ZIMMEL).
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geologický ve spolupráci s. n. p. Kartografie, 1 sheet 89,8 x 63.4
cm, Praha. .

MALECHA, A. & ©PINAR, Z. [V.] za spolupráce N. BOŘKOVÉ-GABRIELO-
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MALECHA, A. & SUK, M., 1985: Geologie ji žních »ech. Die Geologie
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22, 335–377, Praha 1956.
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PRAKASH, U., BŘEZINOVÁ, D. & AWASHTI, N., 1974: Fossil woods from
the Tertiary of South Bohemia. – In: Paleontographica. Beiträge
zur Naturgeschichte der Vorzeit. Abteilung B. Paläophytologie,
147/4–6, 107–123, ill., pl. 48–57, Stuttgart.

RAMSAR-Convention no. 1013 from Dec. 22nd, 1999. –, 4 pp., ill.
http://www.ramsar.org/w.n.austria_lainsitz.htm.

RAUSCHER, H., 1931: Die Industrie des Waldviertels. – In: STEPAN, E.
(ed.): Das Waldviertel  [Ein Heimatbuch. Sammelwerk der Ztschr.
„Deutsches Vaterland”, in 7 Bdn., 1925–37]. 6. Bd. Schrifttum,
Schulwesen, Münzkundliches, Industrie, 86–185, ill., 1 map, Wien
(Verlag Dr. E. Stepan).
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