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Geodynamic aspects of the Silurian and Early Devonian
Sedimentation in the Paleozoic of Graz (Eastern Alps)

by H. Fritz'and F. Neubauer!

Abstract

The Silurian to Devonian geodynamics of the Graz area is reconstructed by means of biostratigraphy, geo-
chemistry, sedimentology and petrology. The geodynamic situation reflects the formation of a passive contin-
ental margin: Rifting is documented by intracontinental volcanism of alkaline affinity in the Silurian time.
Sediment accumulation of siliciclastics in an extensional regime is followed by progressive carbonate produc-

tion due to decreasing subsidence in the Early Devonian.

Keywords: Geodynamics, passive margin, rifting, Paleozoic, Graz, Eastern Alps.

Introduction

Low-grade metamorphosed Paleozoic sedi-
ments in the Austroalpine realm have always
been used to reconstruct the geodynamics of
the Variscan period (e.g.,, FLUGEL, 1977
ScHONLAUB, 1979). Mountain building pro-
cesses during the Alpine time, however, de-
stroyed primary features and made this task
difficult. Displaced Paleozoic series now occur
in different tectonic positions and are, in gene-
ral, sheared off from basement rocks. The pri-
mary relations between the different Paleozoic
nappes are till now not completely understood.
Problems arise in the correlation of these
single, sometimes very small occurrences of
Paleozoic nappes, which mostly differ in their
sedimentary evolution.

We present a study from the so-called Paleo-
zoic of Graz which is part of the Upper Aus-
troalpine nappe system (Fig. 1). The aim of this
paper is to show how detailed sedimentary, bio-
stratigraphic and petrological examinations
give a clear picture of the Silurian to Early De-
vonian geodynamics although intense Alpine
tectogenesis created a nappe pile of multiple
deformed slices (FriTz, 1988). Finally we pre-

sent a new model of Silurian and Early Devo-
nian geodynamics in the Austroalpine realm.

General situation

The thrust system of the Paleozoic of Graz
consists of different nappes of low-grade me-
tamorphosed sediments of Silurian to Carbon-
iferous age which are all sheared off from their
basement. Each of the nappes is characterized
by different sedimentary evolution, but facies
heterogenities occur also within a singular
nappe (FENNINGER and HoOLZER, 1978; NEU-
BAUER et al., 1986). In general, the basal parts
of the sedimentary column is built up by Silu-
rian metavolcanics, followed by Late Silurian
to Early Devonian carbonatic to clastic sedi-
ments and topped by a differentiated car-
bonate-dominated sedimentation up to the
Middle Devonian (FLUGEL and NEUBAUER,
1984, and references cited therein).

Data

The concept, that the nappes in the Paleo-
zoic of Graz may be recognized by repetitions
of the sedimentary column but also by facies

! Institut fiir Geologie und Paldontologie der Universitit, Heinrichstrasse 26, A-8010 Graz.
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Fig. 1 The thrust system of the Paleozoic of Graz and the locations of the sections discussed. Rannach nappe:
1, Kher; 2, Eggenfeld; 3, Haritzgraben. Schéckel Nappe: 4 and 3; Laufnitzdorf Group: 6.

heterogenities is long known (FLUGEL, 1975).
The tectonic units which are treated here are:

The Schockel Nappe at the base of the
nappe pile, the Rannach. Nappe resp. the
Hochlantsch Nappe in the highest position,
and the Laufnitzdorf Group which is split in
different splays, but mostly it is located in an
intermediate position. Detailed biostratigra-
phic investigations during the last decade
yielded an exeptional clear picture of the sedi-
mentary characteristics especially of the Devo-
nian carbonate rocks (GOLLNER and ZIER,
1985; GOLLNER et al., 1982; EBNER, 1977). We

focused our attention on the Silurian and Early
Devonian volcanic and clastic sediments at the
base of the sedimentary sequence. For a better
understanding of the facies heterogenities we
describe sections which are located in different
nappes but enclose the same time span in one
chapter.

THE VOLCANIC SERJIES AT THE BASE
OF THE PALEOZOIC OF GRAZ

The uppermost nappes (Rannach Nappe,
Hochlantsch Nappe) which suffered less me-
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tamorphic overprint offer the best chance to
reconstruct the primary relations in this area
(FriTz, 1986; PoLTNIG, 1984). Therefore the
volcaniclastic sedimentary base of the Ran-
nach Nappe, the so called Kher formation, is
considered here in more detail. The variability
which occurs even within one nappe is illus-
trated by three sections located at Haritzgra-
ben, Eggenfeld and Kher (NEUBAUER et al.,
1986; for location, see Fig. 1).

At Kher (Fig. 2a) the basal series are charac-
terized by laminated ash tuffs, debris flows and
agglomerates which include polymict volcanic
and sedimentary components. Lava flows are
rare. Intercalated limestones bear fossils (or-
thocers) which indicate an open marine envi-
ronment. This sequence is contrasted by the
situation in Haritzgraben (Fig.2¢). Here the
succession is dominated by mafic lava flows,

coarse-grained lapilli and bomb tuffs intruded
by keratophyric dykes. Block lava on top of the
volcanic sequence in Haritzgraben point to
subaeric to very shallow marine sedimentation
and lava flow extrusion.

An intermediate position is given at the lo-
cality Eggenfeld (Fig.2b), where medium-
grained pyroclastics are interlayered by lava
flows. Biodetritical dolomites suggest sedimen-
tation in a shallow marine, high-energetic envi-
ronment. We suppose an environment near the
wave base.

A similar section is given in the Schockel
Nappe. Scarce biostratigraphic data and strong
dismembering due to deformation make the
correlation between single localities difficult
(Fig. 3). In general, a more uniform input of
fine grained pyroclastic material in an open
marine environment, as indicated by interca-

Fig. 3

Sections of the Schéckel Group. Fig. 3a is redrawn from TSCHELAUT (1983).
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lated pelagic limestones, is mentioned. Indirect
evidence for a differentiated basin is given by
the subsequent clastic sedimentation as we dis-
cuss later.

In the Laufnitzdorf Group the volcanogenic
input in Silurian time is restricted to some
amygdaloid lava flows and tuffs (Fig. 4).

Detailed geochemical data from the various
basaltic lavas from the Paleozoic of Graz are
missing except some trace element data which
were published by KoLMER (1978). These data
show some within-plate-magma affinities of
greenstones of the Schéckel nappe. Our ana-
lyses of 12 samples from the Kher formation
(Rannach Nappe; localities Haritzgraben and
Eggenfeld) are shown in Fig.5 in a MORB-
normalized pattern. The enrichment of large
ion lithophile elements (Sr, K, Rb, Ba) as well
as Nb, P, Zr and Ti on the rock/ MORB-notr-
malized diagram indicates a weak alkaline
trend after PEARCE (1982).

NODULAR LIMESTONES AND
LYDITES

© SHALES

e NODULAR LIMESTONES AND DOLOMITES

PRAG! AN
1

[

T FELAGIC LIMESTONES
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LOCHKOVIAN
1l

ASH TUFFS

SHALES AND INTERCALATED

LYDITES

ALLODAPIC LIMESTONES

SHALES AND SANDSTONES

LUDLOVEAN

TUFFS

PELAGIC LIMESTONES

SILURIAN

TUFFS AND SOME LAVA FLOWS

PELAGIC LIMESTONES

WENLOCKIAN

Fig. 4 Composite and idealized section of the Silu-
rian and Lower Devonian of the Laufnitzdorf
Group. Redrawn from GOLLNER et al. (1982).

363

1 : Rock

1 >, MORB
0.1 T T T l‘ T T T T T
Sr K RbBa Nb P Zr TiY Cr

Fig.5 Rock/MORB normalized diagramm shows
alkaline affinity from basalts of the Rannach Nappe.
n, number of samples. Normalization values after
PEARCE (1982).

THE CARBONATIC-CLASTIC
SEDIMENTATION

In the Rannach Nappe the carbonatic-clas-
tic sedimentation of the so called “Crinoiden-
schichten” reflects different bathymetric condi-
tions resulting from the earlier volcanic activity
(NEUBAUER ¢t al., 1986). The thickness of this
formation varies from approximately 100 m in
the west of the Paleozoic of Graz (e.g. Kher) to
0 m in the central part (e.g. Haritzgraben). The
composition of the sediments also changes
with the neighbourhood to the volcanic centre.
Marly slates and interbedded graded siltstones
and allochthonous limestones, which we inter-
prete as tempestites, overlie the laminated tuffs
and pelagic limestones at Kher. At Eggenfeld
the few meters thick limestone-marl sequence
without evidence of coarse-grained siliciclastic
input points to cyclic sedimentation above the
storm-wave base and at Haritzgraben the car-
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bonatic-clastic Crinoidenschichten formation
is absent at all. Here coarse block lava is di-
rectly overlain by rauhwacke of Early Devo-
nian age.

The sandstones of all the basal formations
of the Rannach Group reflect the sedimentary
evolution. They are always rich in quartz, but
minor constituents differentiate the three for-
mations: Sandstones of the Kher fm. include
lithic volcanogenic components and plagio-
clase, those of the “Crinoidenschichten” pla-
gioclase and white mica, whereas the sand-
stones of the Dolomitsandstone fm. are rich in
potassic feldspar. Following the work of Dick-
INSON and SucCzek (1979), the sandstone com-
position of the Rannach Group is compatible
with a continental derived one. The feldspar in-
put possibly reflects the volcanism due to a rift
process.

The sedimentary evolution of the deeper
Schockel Nappe has always been called the
“Tonschiefer Fazies” (FLUGEL et al.,, 1952)
which illustrates the predominance of shales.
Conodont findings in limestones of the pelitic
Upper Arzberg formation during the last years
(GOLLNER, 1985; NEUBAUER, 1984; TSCHELAUT,
1985) allow a good correlation to the Crinoi-
denschichten formation of the Rannach
Nappe. Black shales are accompanied by
plenty of sulphide mineralization (mostly py-
rite and lead-zinc; TUFAR, 1972; WEBER, 1983)
and by graded silt- and sandstones. The black
shales suggest a deposition in an anoxic envi-
ronment and episodical clastic input from a
continental source. Carbonatic phyllites and
lense-shaped sandstones replace this slaty se-
quence laterally, especially in the higher parts
of the Arzberg formation. EBNER and WEBER
(1978) postulate a well differentiated basin due
to the occurrence of slump structures and due
to the distribution of ore minerals. They sup-
pose sulphide mineralization (Pb, Zn, pyrite)
to be locked to anoxic basins, whereas the ba-
ryte mineralization is assumed to be typical for
submarine swells surrounding the basins.

The Laufnitzdorf group, the third lithofa-
cial group we consider here, occurs now in dif-
ferent tectonic levels due to Alpine deforma-
tion. Pelites and intercalated lydites dominate
the sedimentation during the Silurian time
(GOLLNER et al., 1982). In contrast to the Ran-
nach Nappe and Schockel Nappe the volcani-
clastic input is restricted to some amygdaloid
lava beds. The occurrence of nodular lime-

FRITZ, H. AND F. NEUBAUER

stones, which bear orthocers, indicate pelagic
sedimentation. The characteristics of open ma-
rine environment continue throughout the Sil-
urian and Devonian time.

THE LOWER TO MIDDLE DEVONIAN

R
CARBONATES

The clastic sedimentation of the Rannach
Nappe is progressively replaced by carbonate
production but the volcanogenic topography is
still preserved: Quartz-arenites are accumu-
lated in the formerly basins, whereas evaporitic
sediments are deposited on the former volcanic
centres. The basal sandstones are quartz aren-
ites with heavy minerals of metamorphic origin
(FENNINGER and HoLzER, 1978). Decreasing
subsidence caused the subsequent sedimenta-
tion of more uniform dolomites of the Dolo-
mitsandstein formation. This up to 300 m thick
dolomitic sequence is interrupted by pyroclas-
tic rocks in the lower part.

The carbonatic sequence of the Schockel
Nappe is built up by banded limestones of as-
sumed Middle Devonian age and lense-shaped
quartz-arenites at the base. Thus the sedimen-
tary environment is thought to be similar to
that of the Rannach Group.

In contrast, the pelagic environment in the
Laufnitzdorf Group persists throughout the
Silurian and Devonian time as documented by
conodont-rich nodular limestones (GOLLNER ¢t
al., 1982).

Discussion and conclusion

Although the Silurian to Devonian sedi-
ment pile of the Graz area is displaced by oro-
genic processes during the Alpine time the rear-
rangement may be done by means of field-
work, conodont biostratigraphy, faciai and pe-
trographic analyses. We postulate:

1} A well differentiated basin developed due
to volcanic activity in the Silurian time. This
topographic relief controlled the subsequent
sedimentation. It is seen most clearly in the
Rannach Nappe (Fig. 6). The relief heterogen-
ity persists throughout the Silurian and Early
Devonian time and is compensated at the
Early /Middle Devonian boundary by sedi-
ment accumulation in the former basins. Dif-
ferent bathymetric conditions can also be re-
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cognized in the Schockel Nappe and in the
Laufnitzdorf Group. The increased accumula-
tion of clastics, however, points to deeper ba-
sins. The Laufnitzdorf Group is deposited in a
deep basin with a restricted input of allodapic
limestones and sandstones.

2) Although no basement of the sediment
pile may be found in the Paleozoic of Graz, we
have much indirect evidence for a continental
hinterland and for a basement by sediment
composition and metamorphic components of
agglomerates. Agglomerate deposition with
crystalline components in Kher and in tuffs of
the Dolomitsandstein fm. (HANSELMAYER,
1960) and heavy minerals of metamorphic ori-
gin like garnet in the sandstones argue strongly
for metamorphic, continental source rocks.
Another argument for an intra-plate, possibly

Early Devonian sedimentation controlled by the Silurian volcanism in the Rannach Nappe.

continental position of the Paleozoic of Graz is
the geochemistry of basalts which shows alka-
line within-plate affinity. Continental derived
quartz-rich sandstones accompanied by alka-
line magmatism suggest intracontinental rift-
ing.
3) Facial heterogenities between the three
units reflect the sedimentary processes in an ex-
tensional regime during Silurian time. Differ-
ent subsidence of the basins and the strongly
differentiated relief of each basin is interpreted
as sedimentation on rotated blocks due to ex-
tension, whereas the maximum sediment accu-
mulation occurs in the halfgrabens (Fig.7).
Block rotation is seen at the locality Eggenfeld
where the rotated *‘Crinoidenschichten™ are
overlain by the “Dolomitsandstein’ fm. with a
weak angular unconformity. Depth of water as
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RANNACH - and

HOCHLANTSCH  GROUP

\ SCHOCKEL — GROUP

\LAUFNWZDORF GROUP

% Limestones

for other

[®=] Lydites

signatures  see Fig. 6

Fig. 7 Block rotation due to horizontal extension caused different bathymetric conditions in the different

basins. For explanation see text.

well as the pelagic conditions increase from
Rannach Group to Laufnitzdorf Group, but a
maximum water depth of about 500 m is not
exceeded as indicated by the presence of amyg-
daloid lavas.

4) Volcanic input and subsidence decreased
and caused the more uniform sedimentation up
to the Early/Middle Devonian. Progressive
carbonate production may be interpreted as a
result of climatic change, that means warming
due to equatorial approximation of the plate
which included the Paleozoic of Graz.

All these results favour horizontal stretch-
ing of the lithosphere due to intracontinental
rifting in Silurian time. The basin evolution of
the Paleozoic of Graz reflects the formation of
a passive continental margin which may have
evolved to an oceanic basin. As neither strong
Variscan deformation nor Variscan metamor-
phism is mentioned (FriTz and KrALIK, 1986)
this area maintained in a foreland position dur-
ing Variscan orogeny.

Recently numerous arguments for a differ-
entiated passive continental margin in the Aus-
troalpine realm are found by many authors.
HEINIScH (this volume) reinterpreted the volca-
noclastic series of the basal parts of the western
Greywacke Zone. He dated the mafic volca-
nism by means of conodont biostratigraphy
(HEeinNiscH, 1987) and suggested intraplate vol-
canism for the Devonian time. Geochemical
and petrological data from the Sausal area
yielded a clear model for rift-to-drift transition
due to sandstone petrography and basalts with
transitional affinity (SCHLAMBERGER, this vo-

lume). Similar results are given by Giese (1987)
for the western Stolzalpe Nappe. Thus all data
indicate an overall rift model for Upper Aus-
troalpine basement rocks.
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