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The “Cetic Massif’’ below the Eastern Alps - characterized by
its granitoids

by G. Frasl'and F. Finger!

Abstract

The Cetic Massif is a hypothetical crystalline basement block , a part of the European Plate, which adjoins
the Moldanubicum to the south below the Eastern Alps. It can only be studied by means of its exotic boulders
and pebbles, which can be found between Vienna and Salzburg in Mesozoic to Eocene sediments of the Ultra-
helvetic and the Rheno-Danubian flysch nappes, the lowest and most peripheral nappes of the Alpine-Car-
pathian Chain. These exotics indicate that large parts of the Cetic Massif consist of a weakly metamorphosed
quartzdiorite-tonalite-granodiorite I-type association, with characteristically high Na,O, Sr and Ba concen-
trations. The petrographic and geochemical features suggest a correlation with the Cadomian granitoid suite
of the Bruno-Vistulicum in the southeastern Bohemian Massif {(CSSR). An original geological connection be-
tween the Bruno-Vistulicum and the Cetic Massif is assumed.

Keywords:Eastern Alps, basement, exotic granitoids, flysch nappes, geochemistry.

1. Introduction

The reconstruction of the pre-ailpine paleo-
geography of the southeastern continuation of
the Central European Variscides - a continua-
tion which was incorporated into the Alpine-
Carpathian Chain when the European Plate
was subducted far under the Adriatic Plate - is
challenging. In Moravia (CSSR), for example,
the Bruno-Vistulicum, the easternmost part of
the Bohemian Massif, could be followed in
boreholes and also by geophysical methods
some dozens of kilometers below the Carpath-
ian Flysch Zone. Further to the west, in the
Austrian section, the Moldanubicum can be
traced in a similar same way under the Eastern
Alps.

However, within the lowest and most peri-
pheral nappes of the Alpine chain exotic gran-
itoid boulders, which differ very clearly from
Moldanubian rocks, led FrasL (1980) to pro-
pose the existence of another distinct buried
massif below the Eastern Alps adjoining the
Moldanubian units to the south. Using petro-
graphic and geochemical studies on these gran-

itoid boulders we now attempt to shed some
more light on this hypothetical buried massif -
which we call the “Cetic Massif”” - on its com-
position and geological history.

2. Geological notes

The exotic Cetic granitoid boulders crop
out over a length of 300 km between Vienna
and Salzburg in two tectonic units along the
northern front of the Alps, the Ultrahelveticum
and the Rheno-Danubian Flysch Belt (several
main localities are shown in Fig. 1). In these
nappes the boulders are embedded in sedi-
ments of Eocene to Liassic age (in conglomer-
ates, sandstones or in wildflysch-facies) and
are thought to be derived from a hypothetical
long east-west trending crystaliine ridge (“Ce-
tischer Riicken”, see BRINKMANN et al., 1937;
HAGN, 1960; FREIMOSER, 1972; TOLLMANN,
1987), which functioned since Upper Jurassic
times as a ‘‘marginal high” (HoMEwWoOD, 1977)
of the Central European Plate against the step-
wise-opening Northern Pennine Ocean.

! Institut fiir Geowissenschaften der Universitét, Hellbrunnerstr. 34, A-5020 Salzburg
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3. Petrography

There are two main types of Cetic grani-
toids, both distributed from Salzburg up to
Vienna (Fig. 1):

1) the quartz-dioritic to (quartz-poor) tonal-
itic “Schaitten type” (FrRasL, 1980, 1984; type
locality see Fig. 1).

2) the lighter, essentially granodioritic
“Buch-Denkmal type” (type loc.. The
“L.v. BucH Memorial” see Fig. 1).

Apart from these two main types there are
also some other variants of Cetic granitoids
known (e.g. dark quartz-diorites, leuco-tona-
lites, two-mica granites - see Fig. 2), which are,
however, comparatively rare.

Schaitten type granitoids, which have the
best-preserved plutonic habit (FaupL, 1975;
FrasL, 1980), are massive, medium-grained
and in fresh samples dark grey, because of the
often  astonishingly clear  plagioclases
(54-64 vol.%), which are markedly euhedral
(grainsize usually 3-5mm, sometimes up to
10mm) and weakly zoned to unzoned
(An 25-40). Green amphibole occurs in stubby
crystals with 5 to 10 mm length (6-17 vol.%).

Both these components are oriented roughly
parallel to one another. Olive-brown biotite
(2mm) occurs as additional mafic phase
(6-17%), and quartz is interstitial (10-24%).
Typical accessories are euhedral sphene and
well-zoned allanites.

Many of the Schaitten type granitoids suf-
fered very-low- to low-grade alteration, indi-
cated e.g. by chloritization of biotite and am-
phibole. The latter can also be replaced by
carbonate. The primary plagioclases are mostly
altered to albite (or peristherite) with mica-
ceous or epidote and clinozoisite microliths,
and K-feldspar to chessboard-albite with car-
bonate. Chloritized biotite can contain either
zeolithic lenses, or prehnite, pumpellyite and
exsolved Ti-minerals. Fe-rich epidote is some-
times rimmed by clinozoisite due to increasing
metamorphic grade (e.g. WINKLER, 1979).
Sphenes are frequently replaced by calcite, leu-
coxene and (?) anatase. Allanites often show
isotropic cores and secondary rims of epi-
dote/ clinozoisite.

A remarkable small-scale variability in the
degree of alteration is ubiquitous: for example,
hand specimen with clear and colourless pla-

Ly

Fig.2 Combined Alkalifeldspar-Plagioclase-Quartz and Alkalifeldspar+ Plagioclase-Mafites-Quartz dia-
gram according to STRECKEISEN (1967) with plots of Cetic granitoids (squares: Schaitten type; triangles: Buch-
Denkmal type; circles: other Cetic granitoids, undifferentiated). Data from FaupL and ScHNABL (1987, three
modal analyses) and FrasL (1980, 1984 and unpubl.).
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gioclases at the one end are often completely
altered on the other end and show a weak red-
dish of greenish colouration of the dull feld-
spars. This alteration is not necessarily coupled
with a gneissic deformation. A striking epi-
dotization may extend for several cm on both
sides of fissures and Kies deposition also oc-
curs along cracks.

The Buch-Denkmal-type granitoids (see
GOTZINGER and EXNER, 1953; FaurL, 1975,
1978; FrasL, 1980, 1984) suffered an alteration
similar to the Schaitten type. They rarely show
a well-preserved plutonic habit. The light pink,
medium grained “Buch-Denkmal-Granit” of
the type locality is actually a rather massive
granodioritic gneiss with lenses (approx. 1 cm
thick), which consist of clusters of feldspar and
quartz grains. Usually the plagioclases
(40-50%) are much more square-idiomorphic
than the predominantly xenomorphic and pink
K-feldspars (2-20%). Besides they are altered
to a greater or lesser extent to albite and very
fine micaceous microliths. Relictic sectors have
An-contents around 20 and may show a weak
oscillatory magmatic zoning and a narrow
lamellation. K-feldspar is often slightly cross-
hatched and weakly perthitic and some relictic
parts of orthoclases are preserved. The main
mafic phase is biotite (4-9%), some variants,
however, also contain stubby green amphibole
crystals (1-2%). Small biotite flakes, sometimes
with beards of greenish-white mica, are usually
streaked out between the feldspar/quartz
lenses. Zeoliths, prehnite, pumpellyite or epi-
dote occur both in and adjoining chloritized bi-
otites. Sphene, in rhombic sections, is partly al-
tered to carbonate and opaque minerals. Other
accessories are well-zoned allanites, roundish
apatites, a few small zircons and some opaque
grains of ore.

4, Geochemistry

The analysed granitoid boulders (Tab. 1)
yielded similar geochemical signatures
throughout the Ultrahelvetic and the Rheno-
Danubian Flysch Zone (see Fig. 1), indicating
derivation from a single granitoid terrain. This
Cetic granitoid terrain was obviously an I-type
terrain (CHAPPELL and WHITE, 1974; PITCHER,
1983) with expanded compositional variation,
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high Na,O features and a relatively low
ALO3;/K,0+Na,0+CaO characteristics
(0,92-1,08). Trace element contents imply that
the Cetic granitoids originated in a ““volcanic
arc setting” (PEARCE et al., 1984).

With their high Na,O/K,O0 (Fig.3) and

concentrations, the Cetic granitoid rocks are
very similar to the high Na,O I-types of the Ca-
domian Bruno-Vistulicum in Moravia (CSSR)
(Dunek, 1980 and pers. comm.). On the other
hand, the Na,O /KO ratios of the Cetic grani-
toid suite are clearly higher than those of the
Variscan K,0-dominant Moldanubian grani-
toid province (Fig.3) and also higher than
those of the main types of the Central gneisses
in the Tauern Window (see Fig. 3 and Fig. 1).

57 Nazo/ K20

Fig.3 Na,0/K,0 vs. Si0, diagram with plots of
Cetic granitoids (filled squares) and fields of:

I: 36 analyses of Cadomian Bruno-Vistulian granit-
oids (DUDEK, 1980 and pers. comm.) including grani-
toids of the Slavkov type, the Zd4nice type, the Stu-
pava type and biotite-granites of the Southern Mo-
ravian Block.

II: 65 analyses of Variscan Penninic granitoids
(*“Zentralgneise”) from the Hohe Tauern (data from
ANGEL, 1954 [18 analyses], KARL and MORTEANI,
1966 [17], Droop, 1982 [2], FINGER and STEYRER, 1988
and unpubl. [28)).

I11: 128 analyses of Variscan granitoids from the
Southern Bohemian Massif (data from FucHs and
THIELE, 1968 {35 analyses], REiss, 1952 [11], KOLLER
and NIEDERMAYR, 1981 [4], and FINGER, unpubl. [78]).
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Tab.1 Major and selected trace element analyses (XRF) of eight large, massive low-strain samples of Cetic
granitoids (sample localities: Fi-20, Fi-21, Achthal; Fi-23, Fi-30, Buch-Denkmal; Fi-24, Schaitten; Fi-25,

St. Gilgen; Fi-26, Laa; Fi-27, Penzing; see F1g 1).

SCHAITTEN GROUP BUCH-DENKMAL GROUP

Sample Fi-20 Fi-24 Fi-25 Fi-26 Fi-21 Fi—é? Fi-30 Fi-23
SiO2 60.30 60.32 60.48 60.56 67.57 68.80 70.95 72.38
TiO2 0.78 0.64 0.68 0.7 0.34 0.36 0.29 0.19
A1203 17.30 17.12 17.97 17.27 16.86 15.36 14.74 14.97
E‘eOtot 5.16 4.81 4.77 4.93 2.83 2.%4 2.26 1.87
MnoO 0.07 0.09 0.10 0.1 0.1 0.05 0.07 0.03
MgO 2.9 3.05 2.85 3.09 0.96 1.10 0.66 0.42
Cao 5.12 5.13 5.16 5.18 3.26 2.69 2.06 2.05
NaZO 4.06 4.61 4.64 4.17 4.74 3.78 4.10 4.07
K,0 1.73 1.61 1.41 1.55 2.10 2.89 3.43 3.45
P205 0.29 0.35 0.25 0.37 0.14 o.21 0.01 0.04
LOI 2.33 2.56 1.61 2.1 1.07 1.86 0.63 0.86
Total 100.05 100,29 99.92 100.05 99.98 100.04 99.20 100,33
Rb 35 29 28 27 42 65 63 61
Sr 911 930 1124 1002 734 468 468 545
Ba 884 868 964 898 628 1574 1279 1743
Nb 8 8 6 7 10 8 8 8
Y 14 15 12 13 33 20 25 17

ar 145 128 119 126 199 196 153 137.

5. Conclusions

Mainly because of the widespread distribu-
tion of similar exotic granitoid boulders over at
least 300 km in the Ultrahelveticum and the
Rheno-Danubian Flysch Belt (Fig. 1), we are
convinced that large parts of the Mesozoic to
Tertiary Cetic Ridge, which delivered the exot-
ics, consisted of one granitoid complex and
that this granitoid terrain was in turn part of a
larger block, the “Cetic Massif”. Searching for
equivalents of the Cetic granitoids in the Cen-
tral European Variscides, which might be able
to reveal ancient continuations of the Cetic
Massif, FRASL (1984) detected a striking simi-
larity between the Cetic Schaitten type gra-

nitoids and the Cadomian Slavkow-type and
Zdanice-type granitoids of the Bruno-Vistu-
licum in the Eastern Bohemian Massif (DUDEK,
1980), with regard to both macroscopic and
microscopic rock features. When the similar
geochemical signatures of the Cetic and the
Bruno-Vistulian granitoid suite are also taken
into consideration, we suggest that the Cetic
Massif was originally coupled somehow with
the Bruno-Vistulicum and that it is also very
old, of at least Cadomian age. Like the Bruno-
Vistulian Block it was possibly partly sub-
ducted below the Moldanubicum in Variscan
times, as might be indicated by the ubiquitous
signs of weak metamorphism in the Cetic gra-
nitoids.
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However, today there is no direct contact
between the Cetic and the Bruno-Vistulian
Massif, and both are separated by a Moldanu-
bian protrusion beneath Vienna (FrRAsL and
FINGER, 1988), presumably due to late- or post-
Variscan strike slip movements. Thus we can-
not yet reconstruci the arrangement of the
Cetic Massif in the Variscan Fold Belt exactly.
Neither a correlation of the Cetic granitoids
with the Middle Penninic Variscan granitoid
terrain exposed in the Tauern Window (see
Fig.1) nor with the southern Moldanubian
granitoid province is convincing, because of
the strikingly different geochemical and petro-
graphic = parameters. E.JAGER  (Bern),
A. GANSSER (Ziirich) and L. KAMENITZKY (Bra-
tislava) informed us that rocks corresponding
to certain Cetic granitoids (e.g. to the very sig-
nificant Schaitten-type), are also uncommon in
the External Massifs of Switzerland and in the
Western Carpathians.

On the other hand, the question of how far
the hypothetical Cetic Massif extends to the
west below the Alps today and whether the
granitoids of the Bolgen conglomerate of the
Feuerstatt Nappe (Fig. 1), which are in a com-
parable tectonic and stratigraphic position to
our Cetic boulders, come from the Cetic Mas-
sif, is important. At first sight there is no visible
similarity to the Cetic granitoid family and it
appears more likely that the Bolgen conglom-
erate derived from a different source area,
maybe from the hypothetic Vindelician Massif
(Fig. 1) of WEBER (1986). The relationship be-
tween the Vindelician and the Cetic Massif is,
nevertheless, an open problem,

The knowledge that the granitoids of the
Cetic Massif and the Bruno-Vistulicum are
well characterized by several striking geochem-
ical and petrographic features, facilitates the
search in the Alpine-Carpathian Chain for
equivalents and possible former continuations
of these old blocks.

References

ANGEL, F. (1954): Petrochemie der Hochalm-An-
kogel Gesteine. Jahrb. Geol. B.-A. Wien, 97,
p. 1-16

BrINKMANN, R., GunpLacH, K., LoGTERS, H. und
RICHTER, W. (1937): Mesozoische Epirogenese
und Palidogeographie in den Osterreichischen
Nordalpen. Geol. Rundschau 28, 434-447, Stutt-
gart.

CHAPPELL, B. W. and WHITE, A.J.R. (1974): Two con-
trasting granite types. Pacific Geologys§,
p. 172-174.

Droor, G.T.R. (1982): A clinopyroxene paragenesis
of albite-epidote-amphibolite facies in metasyen-
ites from the south-eastern Tauernwindow, Aus-
tria. J. Petrol. 23, 41-48.

DUDEK, A. (1980): The crystalline basement block of
the Outer Carpathians in Moravia: Bruno-Vistu-
licum. Rozpravy Ceskoslov. Akad. V&d., fada
mat. a pfir. véd; 90/8, 1-85, Praha.

FaupL, P. (1975): Kristallinvorkommen und terri-
gene Sedimentgesteine in der Grestener Klippen-
zone (Lias-Neckom) von Ober- und Niederdster-
reich. Jahrb. Geol. B.-A, 118, 1-74, Wien.

FaupL, P. (1978): Faziestypen der paliogenen Bunt-
mergelserie der dstlichen Ostalpen. Mitt. dsterr.
geol. Ges. 68, (1975), 13-38, Wien.

FaupL, P. und SCHNABEL, W. (1987): Ein Breccien-
vorkommen bei Scheibbs (Niederdsterreich). Zur
Kenntnis paldogener Grobklastika aus der Bunt-
mergelserie. Jb. geol. B.-A. 130/2, 153-161, Wien.

FINGER, F. and STEYRER, H.P. (1988): Granite types
in the Hohe Tauern (Eastern Alps, Austria) -
some aspects on their correlation to Variscan
plate tectonic processes. Geodyn. acta 2,2.

Frast, G. (1980): Zur Verbreitung der tonalitisch-
quarzdioritischen Blocke vom Typus Schaitten
am Nordrand der Ostalpen (Beitrag zur Kenntnis
des versenkten helvetischen Kristallins). Mitt.
Osterr. geol. Ges. 71/72, 323-334, Wien.

FrasL, G. (1984): Die urspriingliche Basis von Flysch
und Ultrahelvetikum in der Umgebung von Salz-
burg. Jber. Hochschulschwerpunkt S15, 1983,
37-65, Graz.

FrasL, G. and FINGER, F. (1988): The relation be-
tween the Bruno-Vistulicum and the Cetic Massif
at the southeastern front of the Bohemian Massif.
Abstr. Meet. “The Bohemian Massif”’, Geol. Sur-
vey CSSR, Prague, Sept. 1988.

FremMOSER, M. (1972): Zur Stratigraphie, Sedi-
mentpetrographie und Faziesentwicklung dersiid-
ostbayerischen Flyschzone und des Ultrahelve-
tikums zwischen Bergen/Obb. und Salzburg.
Geol. Bavar. 66, 7-91.

Fucus, G. und THieLE, O. (1968): Erlduterungen zur
Ubersichtskarte des Kristallins im westlichen
Miihiviertel und im Sauwald, Oberdsterreich.
96 p. Geol. B.-A., Wien.

GOTZINGER, G. und ExNER, CH. (1953): Kristallinge-
rolle und Scherlinge des Wienerwaldflysches und
der Molasse siidlich der Donau - Skizzen zum
Antlitz der Erde, 81-100, (Verl. Hollinek), Wien.

HaGN, H. (1960). Die stratigraphischen, paldogeo-
graphischen und tektonischen Beziehungen
zwischen Molasse und Helvetikum im &stlichen
Oberbayern. Geol. Bavar. 44, 3-208, Miinchen.

HoMmewooD, P. (1977): Ultrahelvetic and North-Pen-
ninic Flysch in the Prealps: a general account.
Eclogae geol. Helv. 70/3, 627-641.

KAry, F. und Morteang, G. (1960): Ein Vergleich der
Ergebnisse von A. BiancHI und F. KARL iiber die
granitischen Gesteine des Zillertales und des
Grossvenedigers (Hohe Tauern). TMPM7,
Heft 3, p. 290-316.

KoLLER, F. und NIEDERMAYR, G. (1981): Die Petrolo-
gie der Diorite im Nordlichen Waldviertel, Nie-



GRANITOIDS OF THE «CETIC MASSIF» 439

derosterreich. TMPM 28, 285-313.

PeArCE, J.A., Harris, N.B.W. and TINDLE, A.G.
(1984): Trace element discrimination diagrams
for the tectonic interpretation of granitic rocks.
Jour. Petrol. 25, p. 956-983.

PITCHER, W. (1982): Granite type and tectonic envi-
ronment. In K.HsU (Ed.): Mountain building
processes. Acad. Press, London, 20-40.

REiss, R. (1952): Beitrdge zur Kenntnis der Gesteine
des Niederdsterreichischen Waldviertels. Unver-
off. Diss. Phil. Fak. Univ. Wien.

STRECKEISEN, A. L. (1967): Classification and nomen-
clature of igneous rocks. N. Jb. Miner. Abh. 107,
144-240,

ToLLMANN, A. (1987): Neue Wege in der Ostalpen-
geologie und die Beziehungen zum Ostmediter-
ran. Mitt. Gsterr. geol. Ges. 80, 47-113, Wien.

WEBER, K. (1986): The Mid-European Variscides in
Terms of aillochthonous Terranes. Proceed. Third
Workshop. Europ. Geotraverse Project (Europ.
Sci. Found.), Strasbourg, 73-81.

WINKLER, H.G. F. (1979): Petrogenesis of Metamor-
phic Rocks. Springer-Verlag, New York 1979.

Manuscript received July 4, 1988; accepted as ex-
tended abstract September 27, 1988.



	The "Cetic Massif" below the Eastern Alps - characterized by its granitoids

