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Ordovician-Silurian geodynamic evolution of the Alps -
the orogeny back-arc basin model

by Franz Neubauer! and Wolfgang Frisch?

Abstract

The Ordovician-Silurian geodynamic evolution of the Eastern Alps, which is referred to as the “Caledo-
nian event”, is interpreted in terms of a multistage model and compared with the evolution of more recent
(mainly Tertiary) structures in the Alpine-Carpathian belt. Crystalline complexes were formed in different
zones of the Austroalpine basement during two metamorphic stages in the Early Paleozoic. The consolidated
crystalline complexes suffered post-orogenic uplift and rifting along with the creation of a back-arc basin in
the Late Ordovician to Early Silurian. Sedimentation in this basin was accompanied by calc-alkaline volcan-
ism in the Late Ordovician, and by alkaline volcanism in the Silurian.

Keywords: Caledonian event, crystalline basement, rifting, back-arc basin, Eastern Alps.

Introduction

The Austroalpine basement, which is incor-
porated into the Alpine structural edifice of the
Eastern Alps, is subdivided by means of pre-
Alpine sedimentation and metamorphism.
Fossiliferous sedimentary sequences range
continuously from the Late Ordovician to the
Carboniferous (ca. 450-320 Ma before pres-
ent). In contrast, most geochronologic data
from pre-Carboniferous crystalline rocks
range from 460 to 430 Ma and hence show evi-
dence for Ordovician thermal activity (meta-
morphism and magmatism). This is referred to
as the ‘““Caledonian event” in the Eastern Alps.
The relationship between Early Paleozoic sedi-
mentary sequences and basement, i.e. whether
the units affected by the “Caledonian thermal
event” were the basement to the fossiliferous
sequences or not, is a much discussed topic
(e.g., Sassi et al., 1974; HEINISCH and SCHMIDT,

1976; HEINISCH et al., 1984; ScHONLAUB and
SCHARBERT, 1978).

Based on different sets of data the Early
Paleozoic geodynamic evolution was inter-
preted in different ways: The existence of an
Early Paleozoic orogeny is advocated by
PURTSCHELLER and Sasst (1975); subduction
models were proposed by LOESCHKE (1977) and
HoLL (1979), and multistage subduction-colli-
sion-rifting models by FriscH et al. (1984) and
LOESCHKE (in press).

This paper undertakes the attempt to com-
bine published and new data, some of which
are apparently conflicting. An advanced model
is presented and compared with a more recent
but similar situation in the Alpine orogen. The
exact calibration of the biostratigraphic frame-
work with geochronologic data has essential
significance for the correct interpretation of the
Early Paleozoic geodynamic evolution of the
Eastern Alps. Unfortunately the time-scale cal-
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ibration in the Ordovician and Silurian is still a
matter of discussion (e.g., HARLAND et al.,
1982; OpIN, 1982; PALMER, 1983). Some of the
uncertainties were recently eliminated (ODIN,
1986; RUNDLE, 1986).

Relevant data concerning the
““Caledonian event”

The evolution and age relationships of the
fossiliferous sequences preserved in the Upper
Austroalpine unit (UA; Fig. 1} and of the crys-
talline core complexes in the Middle Austroal-
pine unit are regarded separately because of
their different metamorphic state.

In the Upper Austroalpine unit, the oldest
fossils from several localities reveal a late Ordo-
vician (Caradocian) age (Tab.l; RIEHL-HER-
WIRSCH, 1970; FLA)JS and SCHONLAUB, 1976;
NEUBAUER, 1980; NEUBAUER and PISTOTNIK,
1984). The fossils derive from layers of marine
carbonates intercalated in sandstones, pelites,
and mafic tuffs. Three stages of volcanic activ-
ity are recognizable (Tab. 1): In the western
Gurktal thrust system (Fig.1), GIESE (1987)
found Ordovician calc-alkaline volcanism
which contrasts with Silurian (HoLL, 1970;
NEUBAUER and PiSTOTNIK, 1984) mafic, alka-
line volcanism. Alkaline basalts and basalts
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transitional between alkaline and tholeiitic
were found in the Paleozoic of Graz (Fig. I;
FrITZ and NEUBAUER, this. vol.). A rhyolitic to
rhyodacitic sequence with subaerially depo-
sited tuffs (HemNiscH, 1981) is the dominant
volcanic episode in other areas. It separates
two episodes with basaltic volcanics in the
Greywacke Zone (Tab. 1).

A point of discussion is the nature of the
basement to these sedimentary sequences.
DAURER and ScHONLAUB (1978) described
gneiss-pebble bearing paraconglomerates
(“Kalwang Gneiskonglomerat formation”)
near the base of the Ordovician sequence. NEU-
BAUER (1985) found a conglomerate of similar
composition in primary contact with a pre-ex-
isting basement consisting of amphibolites and
paragneisses in another locality. The lower in-
tercept of a U/Pb zircon discordia from a
gneiss layer of this basement yielded a model
age of approximately 510 Ma (NEUBAUER,
FriscH and HANSEN, 1987). This age is inter-
preted as dating a metamorphic event which af-
fected a probably late Archean protolith as is
indicated by the upper intercept model age.
The conglomerate contains both amphibolite
pebbles comparable to the amphibolites of the
pre-existing basement, and also ultramafic
rocks and trondhjemite gneisses which crystal-
lized 500 Ma before present (NEUBAUER et al.,
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Fig. 1 Basement rocks of the Eastern Alps affected by late Proterozoic to Silurian events. Amphibolite facies
metamorphic rocks similar in lithology to fossiliferous, weakly metamorphosed formations are omitted be-
cause of clarity. MA - Middle Austroalpine unit: D. - Deferegger Alps; R. - Rennfeld; S. - Seckauer Tauern;
UA - Upper Austroalpine unit and comparable weakly metamorphosed early Paleozoic sediments of the Pen-
ninic domain (H. - Habach formation) and the Lower Austroalpine domain (1. - Innsbruck quartzphyliite).
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1987). The basement rocks as well as the crys-
talline pebbles were deformed under amphibo-
lite facies conditions prior to the sedimentation
of the conglomerate. These facts strongly sup-
port the existence of an Early Paleozoic oro-
genic episode in the basement of the Upper
Austroalpine zone. The sedimentation follow-
ing this event is suggested to be related to rift-
ing, as is indicated by geochemical data of tuffs
(ScHAFFER and TARKIAN, 1986). These tuffs are
intercalated in a series of siltstone, arkosic
sandstone, and paraconglomerate (see also
LOESCHKE, in press).

In the Upper Austroalpine zone, Late Ordo-
vician to Silurian sedimentation is character-
ized by the following: (1) continental-derived
quartz-rich sandstones, (2) heavy mineral
spectra with minerals predominantly of me-
tamorphic origin like garnet (STATTEGGER,
1980, 1982), and (3) metamorphic rock compo-
nents in sporadic conglomerate layers and
agglomerates (MOSTLER, 1970). It should be
stressed, however, that fossil data confirming
the Ordovician or Silurian age are rather scarce
and that long-distance correlation of fossilifer-
ous strata is necessary. The exact onset of sedi-
mentation is also not known.

The Middle Austroalpine wunit passed
through an evolution of magmatism and me-
tamorphism in the Late Proterozoic and Early
Paleozoic. The existence of an Ordovician
“Caledonian™ event in the Middie Austroal-
pine crystalline mass was proposed by Grau-
ERT (1966), GRAUERT and ARNOLD (1968), and
HARRE et al. (1968) based on radiometric work.
SOLLNER and Hansen (1987) found evidence

for a Late Proterozoic “Pan-African” thermal
event followed by the crystallization of mafic
and intermediate magmatic rocks around the
Cambrian/ Ordovician boundary in the Otztal
mountains (Fig. 1). They argue in favour of an
Early Paleozoic multistage metamorphic evo-
lution: Eclogite metamorphism, dated 497 Ma
old (SOLLNER and GEBAUER, pers. comm.), was
followed by migmatite formation around
460 Ma ago; the last step was widespread crys-
tallization of the augengneiss protoliths in the
range of 445-425 Ma (Borsi et al., 1980; Ham-
MERSCHMIDT, 1981; SATIR, 1976; SOLLNER and
HANSEN, 1987; BRACK in TROLL et al., 1976). Si-
milar data were found in the region south of
the Tauern Window (CLIFF, 1980), where a de-
formation event produced a foliation between
the crystallization of two granitoids of slightly
different ages. 450-425 Ma ages were also
found east of the Tauern Window in the Seck-
auer Tauern (SCHARBERT, 1981) and the Renn-
feld area (NEUBAUER, FRrRISCH and HANSEN,
1987) (Fig. 1). FRANK et al., (1976) dated ortho-
genic plagioclase gneisses in the Gleinalm
(Fig. 1) at 518 £ 50 Ma, which is evidence for
Early Paleozoic formation of acid melts.

All these areas in the Middle Austroalpine
unit were later overprinted by Variscan meta-
morphism, which reached amphibolite facies
conditions (FrRANK et al., 1987b). It is not
known whether all these areas were uplifted af-
ter the Ordovician metamorphic event or not.
The metasedimentary sequence of the Schnee-
berger Zug in the Otztal mountains, which can
be compared to the fossiliferous Silurian-De-
vonian shelf sequences, is most probably the

Tab.1 Data concerning the age of metamorphism in early Paleozoic basement rocks, the age of sedimenta-
tion and the nature of volcanism in subsequent sedimentary basins.

Carnic Alps Burktal thrust system

Eastern Greywacke cone Paleozoic of Graz

] {Noric rnappe)}

Felsic tuffs
{late Ordovician!)

Stages of Felsic tuffs {late COrd.)

valcanism

Calealkaline volcanics
{late Ordovician)

Alkaline volcanics (Silurian)

Alkaline volcanism
{Stlurian?

Mafiec volcanism (Silurian)

Felsic tuffs

Mafic volcanism (in part
tholeiitic?

Oldest fossils Caradocian Caradocian

Caradocian Llanodaovery/Wenlock

Basement Unknoun Unknown

"Kaintaleck slices"

(Ritting and Frauenberg complexes)
Frauenberg compiex with U/Pb zircon
ages (lower intercept) around 510 Ma
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sedimentary cover of the Early Paleozoic base-
ment (FRANK et al., 1987a).

Discussion:
The intra-orogenic back-arc basin model

It is important to note that, concerning their
Early Paleozoic history, two different areas are
preserved in the Austroalpine region (Fig. 2):

1. The Upper Austroalpine zone shows a
metamorphic peak around 500 Ma and forms a
basement which is covered by sediments no la-
ter than 440 Ma before present. The sedimen-
tary sequence includes calc-alkaline mafic vol-
canism near its base, followed by felsic, and
then alkaline mafic volcanism.

2. The Middle Austroalpine (e.g. Otztal/
Silvretta) zone shows two metamorphic events
(SOLLNER and HANSEN, 1987), from which the
earlier (eclogite formation around 500 Ma)
may be related to the contemporary metamor-
phism in the Upper Austroalpine zone. The la-
ter metamorphic event (ca. 460-440 Ma) has
high-temperature character (SOLLNER et al.,
1982) and is followed by granite intrusions
(445-425 Ma).

A significant question is whether a spatial
relationship between the later Upper and Mid-
dle Austroalpine regions exists during the
Early Paleozoic. Some arguments speak in fa-
vour of such a relationship:

a) The metamorphic ages around 500 Ma
are common to both regions.

b) The late Ordovician acid magmatism is
also a characteristic for both regions. HEINISCH
and ScHMIDT (1982) compared major element
data of Upper Austroalpine volcanic rocks and
the Middle Austroalpine plutonic rocks of this
period and found that the data are comparable.
After a calculation of SMiTH (1979), nine tenths
of acid composition magmas crystallize within
the crust as plutonic rocks. This suggests that
the late Ordovician acid tuffs require great vo-
lumes of plutonic rocks at depth. The only
known granitoids of Late Ordovician age in the
Eastern Alps are those of the Middle Austroal-
pine domain.

A geodynamic model for the Early Paleo-
zoic in the Eastern Alps must explain the fol-
lowing features:

- Sedimentation in a subsiding basin
formed immediately after metamorphism and
consolidation of its basement.
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- Calc-alklaine volcanism postdating the
collisional event.

- Volcanic evolution from calc-alkaline
mafic to felsic, and then alkaline.

The proposed back-arc basin model incor-
porates all the data related to the “Caledonian
event” displayed above. A parallel is drawn to
basins within the Mediterranean Alpine orog-
enic range, e.g. the Pannonian and the Egean
basins (for a review, see ROYDEN et al., 1983).
The basement of these Tertiary basins was
formed during two stages of metamorphism
which accompanied the stacking of nappes in
the orogenic wedge. In the Eastern Alps (the
basement to the Pannonian basin) the two
stages are the eo-Alpine and the late Alpine
metamorphic events. The newly formed base-
ment is exposed at the margins of the subsiding
basin and in horsts within it, e.g. the Rechnitz
Window in the Pannonian basin. The reason
for the two-step metamorphic evolution is pro-
gradation of subduction from internal to exter-
nal zones (FrISCH, 1979). Uplift and cooling of
the thickened crust is related to buoyancy and
orogen-parallel extension. This extension is
due to continental escape in the Eastern Alpsin
response to continued compression (BALLA,
1986; NEUBAUER, 1988). Calc-alkaline volcan-
ism in the newly formed sedimentary basin is
caused by the progradation of the subduction
zone (BALLA, 1986).

Similar plate tectonic processes as described
for the Pannonian basin may have been active
in the Austroalpine domain in the Early Paleo-
zoic since both regions have fundamental fea-
tures of geodynamic significance in common
(Fig. 2). High-pressure metamorphism in the
Middle Austroalpine Otztal mountains (appr.
500 Ma) followed by high-temperature metam-
orphism (appr. 460 Ma) requires decompres-
sion and uplift within a short time interval. The
Upper Austroalpine zone was uplifted immedi-
ately after the 500 Ma metamorphic episode,
possibly facilitated by low-angle normal fault-
ing. A sedimentary basin or several basins
formed by lithospheric stretching of the newly
consolidated crust. Consequently, metamor-
phic complexes and sedimentary basins were
facing each other in the same region. The rise
of a plume of lithospheric mantle as a late ex-
pression of subduction activity in a back-arc
environment and calc-alkaline volcanism con-
nected herewith caused both a rise in tempera-
ture within the newly formed continental crust,
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Fig.2 Diagram concerning early Paleozoic geodynamic evolution in comparison to the intra-Alpine,

Neogene Pannonian basin. Same scale for time.

and crustal melting. The melt products are the
late Ordovician acid plutonic and volcanic
rocks. Convective removal of thermal energy
led to a decrease in thermal and gravitational
instability and of subsidence, which is recorded
in the Silurian sedimentary sequences. The al-
kaline volcanics dominating in the Silurian can
be seen as a late effect of the mantle plume, or

as the magmatic expression of rifting with
which the Variscan cycle was initiated.
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