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Abstract
The Austroalpine Ötztal Nappe and the adjacent Marlengo Slice comprise pre-Variscan basement of Neoproterozoic to 

Early Paleozoic metasedimentary rocks intruded by Ordovician granitoids now present as orthogneisses. LA-ICPMS U-Pb 
zircon dating complemented by whole-rock geochemistry on orthogneisses from the Texelgruppe, the southeastern part 
of the Ötztal Nappe, and the Marlengo Slice yields an Ordovician differentiation trend from ~470 Ma to ~447 Ma, evolving 
from arc to collision and finally post-orogenic granitoid signature. We interpret this as an expression of a contemporane-
ous mid ocean ridge subduction under the active margin of Northeastern Gondwana. Abundant zircon cores exhibit an 
age distribution inherited from the sedimentary melt source of the orthogneisses with S-type geochemistry and record 
influence by the Northeast-Africa-Arabia Zircon Province and the Cadomian magmatic arc.  

1. Introduction
The Variscan basement units of the Alps represent im-

portant elements of the European Variscides. They are 
crucial for the tectonic and paleogeographic reconstruc-
tion of the Variscan Orogeny and of Early Paleozoic plate 
tectonics leading up to it. On one hand, these units are 
better exposed than many extra-Alpine parts of the Va-
riscan orogen. On the other hand, however, their recon-
struction is complicated by strong Alpine tectonic and 
metamorphic overprint. 

The Early Paleozoic tectonic framework of the Vari-
scan basement of the Alps is under debate. Different 
interpretations exist with respect to the Austroalpine 
Units, generally interpreted as belonging to the north-
ern margin of Gondwana during the Early Paleozoic (e.g. 
Frisch and Neubauer, 1989; von Raumer, 1998; Schulz et 

al., 2008; von Raumer and Stampfli, 2008; Spiess et al., 
2010; Stampfli et al., 2013; von Raumer et al., 2013; Zur-
briggen, 2015, 2017; Stephan et al., 2019; Siegesmund et 
al., 2021, 2023; Neubauer et al., 2022; Finger and Riegler, 
2023). The Paleozoic setting is preceded by the Arche-
an-Proterozoic crustal mobilization event (ca. 2.5 Ga), the 
Proterozoic mantle mobilization event (ca. 1 Ga) and the 
Neoproterozoic breakup of the Gondwana margin (ca. 
650–600 Ma) (von Raumer et al., 2013). For the Ediacaran 
to Early Paleozoic, all models have in common that the 
Austroalpine and its tectonic subunits (e.g. Ötztal Nappe, 
Marlengo Slice) are positioned on the northern margin 
of Gondwana. The margin geometry, the geodynamic 
processes, and the positions of different units along the 
margin are under debate. A consensus exists that part 
of the northern Gondwana margin is today represented 
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by northern Africa and Arabia and that the Austroalpine 
lay further to the east along this margin than most other 
central European Paleozoic units, which means that the 
Austroalpine was in proximity to northeast Africa and 
Arabia (e.g. Stephan et al., 2019). The name of the ocean 
north of the Gondwana margin varies between Celtic 
Ocean (Zurbriggen, 2017, 2020), Iapetus Ocean (e.g. Orio-
lo et al., 2021), Proto-Rheic Ocean (e.g. Finger and Riegler, 
2023), Proto-Tethys Ocean (e.g. Siegesmund et al., 2023), 
and Qaidam Ocean (e.g. Neubauer et al., 2022). The exact 
timing, position and tectonic framework of the Cado-
mian and Cenerian orogenies is unclear. The Cadomian 
orogeny is mostly seen as a Late Ediacaran to Cambrian, 
Andean-style accretionary orogeny on an active conti-
nental margin (e.g. Siegesmund et al., 2023; Finger and 
Riegler, 2023). An associated arc-related magmatic flare-
up at ca. 570–530 Ma is also reported in the Austroalpine 
and other basement units of the Alps (Siegesmund et al., 
2021, 2023, and references therein). In the Ötztal Nappe, 
no Cadomian protolith ages have been found yet (e.g. 
Neubauer et al., 2022). 

The tectonic setting of Late Cambrian to Ordovician 
(Cenerian) processes is either seen as a change from An-
dean-type to Alaskan-type subduction (e.g. Zurbriggen, 
2015, 2017), a passive margin with rifting (e.g. Stephan et 
al., 2019), the eastward propagation of the Rheic-Ocean 
opening as a back-arc basin into a continental arc (e.g. 
Siegesmund et al., 2023), rifting-related terrane separa-
tion in an angled margin geometry (e.g. Stampfli et al., 
2013; Neubauer et al., 2022), or a hyper-extended margin 
to the West giving way to an Alaskan-type coastal orogen 
to the East (Finger and Riegler, 2023).

This study provides new constraints for the Paleozoic 
setting of the Austroalpine basement, using geochrono-
logical and geochemical data from orthogneisses of the 
Ötztal Nappe (Texel Complex) and the Marlengo Slice lo-
cated in the Texelgruppe in South Tyrol, Italy (Fig. 1). We 
show that these orthogneisses are derived from Ordovi-
cian granitoids which intruded over a time span of at least 
~23 Ma from Middle (~470 Ma) to Late Ordovician (~447 
Ma). We use U-Pb geochronology of magmatic zircon do-
mains and inherited cores and whole-rock geochemistry 
to constrain the evolving tectonic setting of Ordovician 
magmatism in the Austroalpine. 

2. Regional geology
The Texelgruppe is the part of the Ötztal Alps between 

the main drainage divide (Austrian-Italian border) to the 
north, the Passeier Valley to the east, the Meran basin and 
Vinschgau Valley to the South, and the Schnals Valley to 
the West. The area belongs to the Lower Central Aus-
troalpine basement (Janák et al., 2004). The Texelgruppe 
is formed by metamorphic rocks recording a long histo-
ry of tectonic, magmatic and metamorphic processes, 
which includes (1) Late Proterozoic to Paleozoic sedi-
mentation and magmatism on the northern margin of 
Gondwana with sources in the Gondwana mainland, sup-

plying Proterozoic to Archean zircon grains; (2) Variscan 
metamorphism and deformation; (3) Permo-Mesozoic 
crustal thinning; (4) early Eo-Alpine thrust emplacement 
of the Schneeberg Complex; (5) Eoalpine high-pressure 
metamorphism and deformation; (6) thrusting along the 
Vinschgau Shear Zone and exhumation of high-pressure 
rocks; (7) Tertiary faulting related to the Periadriatic fault 
system (Bargossi et al., 2010; Gregnanin and Sassi, 1969; 
Habler et al., 2006, 2009; Klug and Froitzheim, 2021; Mi-
ladinova et al., 2022; Montemagni et al., 2023; Pomella 
et al., 2012, 2016; Schmid and Haas, 1989; Sölva et al., 
2001; Tropper et al., 2023; Viola et al., 2001; Zanchetta et 
al., 2013; Zantedeschi, 1991). Structurally it can be subdi-
vided into the main tectonic units of the Ötztal Nappe 
(Texel Complex), the Marlengo Slice, and small parts of 
the Campo Nappe (Fig. 2) (Bargossi et al., 2010; Klug and 
Froitzheim, 2021). These are all Austroalpine units. The 
southwestern-most Texelgruppe near Meran is part of 
the Southalpine (Fig 2). The Marlengo Slice is separated 
from the Ötztal Nappe and the Campo Nappe by the 
Forst Fault (Bargossi et al., 2010). The Thurnstein Mylon-
ites are cut off by the Forst Fault and separate the Ötztal 
Nappe from the Campo Nappe. The Forst Fault is, togeth-
er with the Passeier Fault, part of the Giudicarie Fault Sys-
tem (Viola et al., 2001; Pomella et al., 2012). The Thurnstein 
Mylonites are assumed to be the eastern continuation of 
the Vinschgau Shear Zone (Pomella et al., 2016). The lat-
ter is a wide, Eoalpine shear zone becoming increasingly 
ductile from west to east (Schmid and Haas, 1989; Mon-
temagni et al., 2023). It separates the Ötztal Nappe from 
the Campo Nappe. The Texel Complex is the south-east-
ern part of the Ötztal Nappe, separated from the main 
body of the nappe by the Schneeberg Complex, a unit 
of metasediments characterized by the absence of Vari-
scan metamorphism. Where the Schneeberg Complex 
ends towards southwest, the Texel Complex is connect-
ed with the main body of the Ötztal Nappe (Ötztal Com-
plex s. str.) (Klug and Froitzheim, 2021). This is evident by 
the continuous NW-SE trending Eoalpine metamorphic 
gradient (Klug and Froitzheim, 2021; Raso et al., 2025). 
The Ötztal Complex s. str. is the main part of the Ötztal 
Nappe without the Texel Complex and the Schneeberg 
Complex. 

In the Texel Complex, multiple metamorphic and 
deformation phases trace a re-subduction of Variscan 
eclogite-bearing continental crust during the Eoalpine 
orogeny (Habler et al., 2006; Zanchetta et al., 2013; Mila-
dinova et al., 2021). The spatial configuration of Eoalpine 
and Variscan metamorphism in basement units and their 
proposed sedimentary cover of pre- and post-Variscan 
age supports the lower-plate position (with respect to 
Eoalpine subduction) of the Texel Complex. It represents 
the most deeply subducted, high-pressure part of the 
Eoalpine Ötztal Nappe (Klug and Froitzheim, 2021). The 
Ötztal Nappe was exhumed, still during Late Cretaceous, 
between the Vinschgau Shear Zone thrust at its base and 
the Steinach Normal Fault at its top (Klug and Froitzheim, 
2021; Montemagni et al., 2023). 

Zircon ages and differentiation trend of Ordovician granitoids from the southeastern Ötztal Nappe (Texelgruppe, South Tyrol, Italy)
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The Ötztal Nappe consists of Variscan basement with 
its Mesozoic cover sediments. The Schneeberg Complex 
was thrust upon the deeper parts of the nappe before the 
peak of Eoalpine metamorphism in the Late Cretaceous 
(Klug and Froitzheim, 2021). The Variscan basement can 
be further subdivided into Palaeozoic metasedimenta-
ry units (Laas Unit, Schneeberg Frame Zone) and a pre-
sumably older basement. This older basement makes up 

most of the Ötztal Nappe and contains large bodies of or-
thogneiss. In addition to the orthogneisses, it consists of 
paragneiss, schist, quartzite, amphibolite, and eclogite, 
and is crosscut by Oligocene basic to intermediate dykes 
(Bargossi et al., 2010). 

The Matsch Unit in the southwest part of the Ötztal 
Nappe consists of rocks typical for the Campo Nappe 
but lies in a hanging-wall position with respect to the 
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Figure 1: Geological overview map of the Ötztal Nappe and surroundings. Mod. after Brandner (1980), GeoSphere Austria (2024), Hauser (1992), Ham-
mer (1923, 1929), Institut für Geologie, Universität Bern and Bundesamt für Wasser und Geologie (2005), ISPRA (1925, 1951, 1957, 1970, 2010, 2023), Klug 
and Froitzheim (2021), Kreuss (2011, 2012), Moser (2016a, b), Pavlik and Moser (2018), Rockenschaub and Nowotny (2009, 2011), Schindlmayr (1999).
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Vinschgau Shear Zone, in contrast to the Campo Nappe, 
which lies in the footwall of this shear zone (Habler et al., 
2009). The Matsch Unit contains Permian pegmatites and 
exhibits upper-greenschist-facies Cretaceous metamor-
phism (Habler et al., 2009). There is no contrast in Eoal-
pine metamorphism between the Matsch Unit and the 
surrounding Ötztal Nappe (Schuster, 2003). This suggests 
an overthrust of the Matsch Unit over the Ötztal Complex 
s. str. before the peak of Eoalpine metamorphism and 
before the activity of the Vinschgau Shear Zone. This is 
similar to the early Eoalpine emplacement of the Schnee-
berg Complex along the Schneeberg Thrust (Klug and 
Froitzheim, 2021). 

Bargossi et al. (2010) described no occurrences of peg-
matites in the Ötztal Nappe on the geological map sheet 
Meran, while slightly north of this area (Hohe Kreuzspitze) 
Schneider (2013) described a pegmatite occurrence in 

the Texel Complex and dated it using U-Pb geochronol-
ogy on cassiterite and columbite, which yielded Permian 
ages of 288.7 Ma and 274 Ma, respectively. 

The Marlengo Slice represents a shallow part of the 
Lower Central Austroalpine nappe stack (Janak et al., 
2004). It is juxtaposed to the Ötztal Nappe along a Tertia-
ry fault, the Forst Fault (Bargossi et al., 2010). The south-
ern end of the Marlengo Slice is not well constrained. On 
the geological map sheet Apiano (Avanzini et al., 2007) 
it is not mentioned. It wedges out between the Campo 
Nappe and the Tonale Nappe (Bargossi et al., 2010). The 
rock inventory of the Marlengo Slice differs from the 
Campo Nappe in that it lacks pegmatites and marbles. 
Moreover, the Marlengo Slice differs structurally from the 
surrounding units in the orientation of S2 foliation (Bar-
gossi et al., 2010). It contains quartzitic gneiss, micaschist, 
quartzite, (leucocratic) orthogneiss, and amphibolite. 
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Figure 2: Map of the study area with sample locations. Mod. after ISPRA (1957, 1970, 2010), Kreuss (2012), Klug and Froitzheim (2021).
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The northern end of the Marlengo Slice must lie north of 
the Saltaus Valley, a side valley of the Passeier Valley west 
of Saltaus, because leucocratic orthogneisses typical for 
the Marlengo Slice crop out southeast of the assumed 
continuation of the Forst Fault in the lower Saltaus Valley 
(Klug, 2016). The Forst Fault was active at the same time 
as the Passeier Fault and the Giudicarie Fault (Pomella et 
al., 2012). Pseudotachylites from the northern Forst Fault 
near Vernuer were dated at 17.3 Ma (Ar-Ar, Müller et al., 
2001).

3. Early Paleozoic tectonics and magmatism of the 
Ötztal Nappe in the Austroalpine framework

The oldest rocks of the Ötztal Nappe are the parag-
neisses; they are also the most widespread ones. De-
trital zircon ages hint to a late- to post-Cadomian, i.e. 
Cambrian deposition age (Siegesmund et al., 2021). The 
Central Metabasite Zone of the Ötztal Nappe comprises 
metamorphosed gabbros and basalts with MORB affinity 
(Mogessie et al., 1985, Miller and Thöni, 1995) emplaced 
during Early Cambrian (517 ±7 Ma; Konzett et al., 2005) in 
a back-arc setting (Siegesmund et al., 2021). Neubauer et 
al. (2022) correlated this zone with the Speik Complex in 
the eastern Austroalpine and interpreted it as an obduct-
ed ophiolite.

Late Cambrian to Ordovician protolith ages have been 
published for orthogneisses from the Ötztal Nappe. 
Gregnanin and Sassi (1969) were first to describe the 
Tschigat orthogneiss as of magmatic origin. Söllner 
and Hansen (1987) performed whole-rock Rb/Sr and 
zircon-fraction-leaching U-Pb measurements on rocks 
from the Winnebach area, the Vent area (Venter Sch-
linge) and the Rettenbachtal area (Mittelberg Schlinge). 
However, the ages are compromised by methodological 
limitations, i.e., separation of growth phases in zircons 
and opening of the Rb/Sr system. Zantedeschi (1991) 
performed whole-rock Rb-Sr dating on rock samples of 
the Tschigat orthogneiss. This did not yield an isochron 
but a rough alignment at about 450 Ma. Bernhard et al. 
(1996) produced magmatic protolith ages of 485 Ma for 
amphibole-bearing orthogneisses from the Kaunertal by 
Pb-Pb single zircon evaporation and Sm-Nd titanite dat-
ing. Klötzli-Chowanetz et al. (1997) determined a migma-
tisation age of 490 ±9 Ma for the Winnebach Migmatite 
by U-Pb multi-grain analysis. Klötzli et al. (2008) used la-
ser-ablation inductively coupled plasma mass spectrom-
etry (LA-ICPMS) on orthogneiss from the Pfaffengrat 
and identified two magmatic phases of 486 ±27 Ma in 
cores and 454 ±7 Ma in the rims of zircons. Siegesmund 
et al. (2021) determined a LA-ICPMS U-Pb zircon age of 
479 ±3 Ma, interpreted as a crystallization age, from the 
amphibole-bearing Engelswand orthogneiss body in the 
northern Ötztal Nappe. There are still no age data from 
the Marlengo Slice available.

Schindlmayr (1999) introduced five main groups for 
the categorization of the granitoids of the Ötztal Com-
plex s. str., while noticing the existence of similar gran-

itoids in the Texel Complex. The groups are from old to 
young (1) the granitoids of the Central Metabasite Zone, 
(2) the Winnebach tonalite/granodiorite, (3) the Sulztal 
granite suite, (4) the granitoids of the Alpeiner type, and 
(5) the Bassler granite suite. While group 1 to 3 are rare 
and make up ca. 10 % of the Ötztal granitoids, group 4 
and 5 are dominant and make up the rest. The groups 
are developed by mapped field relationships and show 
different petrographic and geochemical features. The 
group 1 granitoids are associated with the older (Cambri-
an) Central Metabasite Zone. Groups 2–5 are assumed to 
be of Ordovician to possibly Early-Silurian origin. Group 
2 cordierite-tonalites and -granodiorites intruded into 
the Winnebach metatexite. Group 3 biotite-rich, S-type 
cordierite-granites are also associated with the Winne-
bach magmatic complex, but also with the metabasites. 
Next, group 4 biotite(-hornblende) I-type tonalite, gra-
nodiorite to granite intruded in huge volumes into the 
aforementioned groups. Somewhat later, group 5 S-type 
granites formed large plutons as the last stage of the 
Early Paleozoic plutonism in the Ötztal Complex (s. str.). 
Schindlmayr (1999) differentiated between two variants/
subtypes in group 5: two-mica granite gneisses and mus-
covite (leuco)granite gneisses. After Schindlmayr (1999) 
the Engelswand orthogneiss body belongs to group 4 
and the Pfaffengrat orthogneiss body does not fit well 
into one of the five groups. 

Frisch and Neubauer (1989) defined different Paleozoic 
terranes in the basement of the Eastern Alps. These ter-
ranes were amalgamated in the Variscan orogeny. In the 
western Austroalpine (west of the Tauern Window), there 
are parts of the Celtic Terrane, the Speik Terrane and the 
Noric Composite Terrane. The term Celtic Terrane is used 
for the basement influenced by an Early Paleozoic mag-
matic arc. It was welded together from separate terranes 
by an Early to Middle Ordovician collisional event. The 
ophiolites of the Speik Terrane have been correlated with 
the Central Metabasite Zone in the Ötztal Nappe. The 
Noric Composite Terrane is the Late Ordovician to early 
Carboniferous passive continental margin consisting of 
subsiding shelf sequence sediments, Late Ordovician 
calc-alkaline volcanic rocks, Silurian and Devonian alka-
line volcanic rocks, and Carboniferous flysch deposits. 
After Nievoll et al. (2022), the calc-alkaline porphyroids 
originated in an extensional domain in the back of the 
retreating subduction zone and are interlayered with 
passive margin sediments. In the Ötztal Nappe and sur-
rounding units, most of the basement is assigned to the 
Celtic terrane. Here, only the Central Metabasite Zone is 
assigned to the Speik Terrane. The Noric Composite Ter-
rane includes from North to South the Landeck quartz 
phyllite, the Schneeberg Complex, probably also the 
Schneeberg Frame Zone and the Laas Series (c.f. Klug 
and Froitzheim, 2021), an unnamed area of micaschist 
around Salurn Spitz (Punta Saldura) north of the Matsch 
Valley (c.f. Hammer, 1926), the Matsch Unit (c.f. Habler et 
al., 2009), and the quartzphyllite- and marble-bearing 
parts of the Campo Nappe. Von Raumer et al. (2002) ad-

Linus Klug et al.
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opted this configuration west of the Tauern Window into 
an interpretation for the entire Alps. They interpreted the 
Noric Composite Terrane as continental crust influenced 
by the opening Paleotethys, the Speik Terrane as rem-
nants of Early Paleozoic oceans, and the Celtic Terrane 
as part of continental Early Paleozoic metamorphic ter-
ranes.

In Ratschbacher and Frisch (1993), the area of mi-
caschists around Praxmar in the northern Ötztal Nappe is 
part of the Noric Composite Terrane. In the western Ötztal 
Nappe, the Jaggl Mesozoic together with its basement, 
the Plawenn Orthogneiss, has been interpreted as a tec-
tonic window (Thöni, 1973; van Gool, 1985; Hammer, 1911) 
exposing the underlying S-charl Nappe. Froitzheim et al. 
(1997) described a normal fault at the western boundary 
of the Jaggl Mesozoic and, therefore, interpreted the 
Jaggl Mesozoic as a downthrown part of the sedimenta-
ry cover of the Ötztal Nappe, and the Plawenn Gneiss as 
part of the Ötztal basement. The Steinach Nappe is also 
included in the Noric Composite Terrane (phyllitic and 
post-Early-Ordovician units) (e.g. von Raumer et al., 2013; 
Siegesmund et al., 2021). Von Raumer et al. (2013) did not 
include the Matsch Unit in the phyllitic and post-Early Or-
dovician units (Noric Composite Terrane), while in Sieges-
mund et al. (2021), it is part of it. Von Raumer et al. (2013) 
and Siegesmund et al. (2021) did not consider the Central 
Ötztal Metabasites as part of the oceanic Speik Terrane 
but included them in the Celtic Terrane. Post-Ordovician 
sediments are probably the protoliths of the micashist 
samples of Siegesmund et al. (2021) from the Schneeberg 
Complex metasediments (SCHNEE 16-1, PZ 17-05) and 
from the nearby Ötztal Nappe (PZ 17-03, PZ17-07). Both 
contain Ordovician magmatic zircon. The authors sug-
gest post-Ordovician deposition only for the Schneeberg 
Complex. 

In summary, the configuration of the Celtic, Speik, and 
Noric terranes west of the Tauern window and especially 
in the Ötztal Nappe is only roughly constrained. Based 
on lithological correlation in our study area, we tentative-
ly assign Schneeberg Complex, Laas Series, Schneeberg 
Frame Zone and similar micaschists of the Ötztal Nappe 
(Figs. 1, 2) to the Noric Composite Terrane. The Ordovician 

orthogneisses and their host rocks represent the Celtic 
Terrane but are intercalated with the metasediments of 
the Noric Composite Terrane on the scale of the Ötztal 
Nappe. The Marlengo Slice has not yet been explicitly as-
signed to one of these terranes, since detrital zircon data 
do not yet exist for this unit.

4. Samples
In this study four different orthogneiss bodies from 

the Texel area were sampled. The samples are listed in 
Table  1 and the localities are indicated in Figure 2. The 
samples TX12, TX35, and TX38 are from a leucocratic or-
thogneiss body from the Marlengo Slice from the lower 
part of the village Vernuer south of the Saltaus Valley 
(Lower Vernuer leucocratic orthogneiss). The samples TX 
30, TX44, and TX49 are from a folded amphibole-bearing 
orthogneiss body at the Sattelspitz ridge north of the Sal-
taus Valley (Sattelspitz amphibole orthogneiss). Sample 
LK17-3 is from a thin, leucocratic orthogneiss layer close 
to the Lodnerhütte in the upper Zielbach Valley (Lodner-
hütte leucocratic orthogneiss), possibly a dyke connect-
ed with the Tschigat orthogneiss. Sample LK17-4 is from 
the main Tschigat orthogneiss body, also called Partsch-
ins orthogneiss (c.f. Bargossi et al., 2010), the largest or-
thogneiss body of the Texel gruppe. This sample is from 
Halsljoch, WNW of the Tschigat peak. All samples were 
taken from bedrock outcrops. 

5. Methods
In Table 1 all samples are listed according to the ana-

lytical methods performed on them. All analyses were 
carried out at the Institut für Geowissenschaften of the 
University of Bonn. Laser ablation inductively coupled 
plasma mass spectrometry (LA-ICPMS) analyses were 
carried out on a Resonetics RESOlution M50-E 193nm 
 excimer-laser coupled to a Thermo Scientific ELEMENT 
XR sector field (SF) ICPMS.

The electron probe micro analyses (EPMA) and cath-
odoluminescence images of zircons were conducted on 
a JEOL 8200 Superprobe. The X-ray fluorescence (XRF) 

Zircon ages and differentiation trend of Ordovician granitoids from the southeastern Ötztal Nappe (Texelgruppe, South Tyrol, Italy)

Unit Body Rock Type Sample East North Analyses

Marlengo Slice Lower Vernuer leucocratic orthogneiss
TX12 667458 5177438 RFA
TX35 667470 5177066 RFA
TX38 667123 5176591 LA ICPMS, EPMA, RFA

Ötztal Nappe
Sattelspitz amphibole orthogneiss

TX30 666677 5179050 RFA
TX44 667242 5178309 LA ICPMS, EPMA, RFA
TX49 666217 5178079 RFA

Lodnerhütte leucocratic orthogneiss LK17-3 654501 5176244 LA ICPMS, RFA
Tschigat orthogneiss LK17-4 656964 5176324 LA ICPMS, RFA

Table 1: Sample list with coordinates in UTM WGS84 Z:32T.
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Figure 3: Cathodoluminescence images of exemplatory zircons of TX38. White circles are laser ablation spots marked 
with measured U238/Pb206-ages unless otherwise marked. 

Figure 4: Cathodoluminescence images of exemplatory zircons of TX44. White circles are laser ablation spots marked 
with measured U238/Pb206-ages unless otherwise marked. 

Linus Klug et al.
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data were measured with a PANalytical-Axios spectrom-
eter, with additional determination of the loss on ignition 
(LOI). The results of the EPMA and the XRF whole rock 
geochemistry can be found in the supplementary mate-
rial (Tables S1, S2 and S3).

U-Pb ages were determined by LA-ICPMS measure-
ments on zircon single grains. After crushing and siev-
ing, mineral separations by magnetic and heavy-liquid 
techniques were performed. After handpicking of opti-
cally clear and inclusion free zircons under the binocu-
lar microscope, the grains were mounted in epoxy resin 
and polished down to half sections. The internal textures 
were imaged by cathodoluminescence. One hundred to 
215 zircons were picked in the 63–125 µm sieve fraction 
for every sample. The 125–180 µm or 125–250 µm sieve 
fractions yielded no (TX38) or no more than 30 zircons. 
In the cathodoluminescence images, zircons with inher-
ited cores were obvious and frequent in all samples. The 
presence and size of internal domains influenced the 
selection of ablation spot sites, and the grain size that 
for single-domain zircons. Although the spot sites were 
concentrated on the domains of latest magmatic growth, 
core domains were also selected.

U-Pb data for zircon was collected following an adap-
tion of methods previously used in this lab (Nilius et al., 
2016; Pohl et al., 2018). The instrumental and analytical 
details for the different samples are provided in the on-
line supplement (Tables S4, S5 and S6).

For Laser-induced downhole fractionation, mass bias 
and instrument drift were corrected by normalizing 
to the Plešovice zircon reference material (Sláma et al., 
2008). The reduction scheme VizualAge 2015.06 in Iolite 
2.5 was used for raw-data processing (Paton et al., 2011; 
Petrus and Kamber, 2012; Chew et al., 2014). Age plotting 
and calculation were carried out on the Isoplot plugin 
for Excel (Ludwig, 2012) and the substitute program Iso-
plotR (Vermeesh, 2018). No common-Pb correction was 
performed, due to low 204Pb count rates indicating an in-
significant common-Pb influence. The extraction of two 
dates from single spot analyses was occasionally possi-
ble, due to ablation of multiple discrete growth domains 
in zircons. Analyses were selected for U-Pb age calcula-
tion after excluding measurements of inherited cores 
and mixed ages due to partly ablated older inherited 
cores or younger metamorphic rims. Additional criteria 
for excluding measurements were discordance (ca. ±10 
%) and Th/U ratios (<<0.1) in combination with apparent 
mixed ages based on zircon texture in cadoluminescence 
images, isotope ratio shift during ablation (no plateau) 
and the post-sequence observed laser ablation pit posi-
tion. A systematic uncertainty of 1.5 % was propagated 
by quadratic addition into the final ages of the unknown 
populations.

6. Petrography and mineral chemistry 

6.1. Lower Vernuer leucocratic orthogneiss
This leucocratic orthogneiss of the Marlengo Slice (c.f. 

Bargossi et al., 2010; Klug, 2016) is white to light green, has 
a medium grainsize and an almost granite-like appear-
ance. The deformation of these rocks varies in the Saltaus 
Valley from dominantly brittle, close to the Forst Fault cat-
aclastic, to subordinately ductile with weak to moderate 
foliation. The Lower Vernuer leucocratic orthogneiss con-
tains feldspar, quartz and white mica with minor chlorite 
and calcite. Accessories are apatite and zircon. Feldspars 
are microcline (ab0-3) with typical twinning as large por-
phyroclasts and fine-grained albite (an0-4). White mica is 
muscovite with layers of chlorite. Calcite is found in veins.

6.2. Sattelspitz amphibole orthogneiss
The amphibole orthogneiss from the Saltaus Valley 

in the Texel Complex is light grey, has a fine to medi-
um grainsize and shows moderate ductile deformation 
with foliation and flaser structure (c.f. Bargossi et al., 
2010; Klug, 2016). It contains amphibole, plagioclase, 
K-feldspar, biotite, quartz, titanite, clinozoisite, epidote, 
chlorite, white mica, calcite, garnet, allanite and zircon. 
The amphiboles are magnesio-hornblende with rims of 
pargasitic and actinolitic composition. Iron is 90–100 % 
Fe2+ and Mg# is 0.50-0.59 in the magnesio-hornblende. 
Plagioclase is andesine (an32-38) and abundant K-Feldspar 
(ab0-5) gives evidence for a granodioritic protolith compo-
sition. The phases of the epidote-clinozoisite-series have 
varying Fe-contents of 1.9–5.8 %. Biotite (phl46-50) is partly 
replaced by chlorite (diabantite according to K content). 
Otherwise, chlorite is mainly pychnochlorite or ripido-
lite. Sericitic white micas have compositions of phengitic 
muscovite. The amphibolite-facies paragenesis of amp, 
bt, ti, clz and ep forms the main foliation which is over-
grown by greenschist-facies chlorite and sericite.

6.3. Lodnerhütte leucocratic orthogneiss
The Lodnerhütte leucocratic orthogneiss is a few tens 

of meters thick layer of light coloured orthogneiss with 
augen structure (c.f. Bargossi et al., 2010). It is imbedded 
in paragneisses. Except for the augen, the orthogneiss 
shows a small to medium grain size and a strong folia-
tion. The sample LK17-3 comprises K-feldspar (micro-
cline), plagioclase, quartz, white mica, biotite, chlorite, 
apatite, and zircon in thin section. Mineral compositions 
have not been measured.

6.4. Tschigat orthogneiss
The Tschigat orthogneiss body consists of coarse 

grained, biotite-rich granite gneiss with K-feldspar augen 
structure (c.f. Schindlmayr, 1999; Bargossi et al., 2010). It 
shows moderate ductile deformation with wavy foliation 
around the abundant augen. In thin section the sample 
LK17-4 exhibits K-feldspar (microcline) and plagioclase, 
sericitic alteration, quartz and chloritized biotite. Mineral 
chemistry has not been measured.

Zircon ages and differentiation trend of Ordovician granitoids from the southeastern Ötztal Nappe (Texelgruppe, South Tyrol, Italy)
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Figure 5: Cathodoluminescence images of exemplatory zircons of LK17-3. White circles are laser ablation spots 
marked with measured U238/Pb206-ages unless otherwise marked. 

Figure 6: Cathodoluminescence images of exemplatory zircons of LK17-4. White circles are laser ablation spots 
marked with measured U238/Pb206-ages unless otherwise marked. 

Linus Klug et al.
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7. Zircon U-Pb geochronology

7.1. Magmatic protolith ages
7.1.1. TX38 (Lower Vernuer leucocratic orthogneiss)

Zircons in TX38 are 63 to 125 µm in size and have 
roundish to prismatic forms with proportions of 1:1 to 1:4. 
The zircons show cracks and some, especially prismatic 
grains, are just fragments. CL images are dark and low 
in contrast but internal textures are recognizable (Fig. 
3). Core domains as well as the domain of last magmat-
ic growth show oscillatory zoning patterns (Corfu et al., 
2003). Cores are recognizable in about 55 % of the pol-
ished zircons. The zircons are rimmed by a light zone 
without any texture. These probably metamorphic rims 
are up to ca. 10 µm thick. The selection of concordant 

data points without identifiable influences by core or 
rim domains shows a too broad scatter for a protolith 
intrusion age calculation. A statistically robust selection 
was obtained with the TuffZirc algorithm of Ludwig and 
Mundil (2002). After exclusion of analyses with anoma-
lously high uncertainties it seeks a population of ranked 
206Pb/238U dates with a probability of fit >0.05. The result-
ing population of 15 analyses gives a median 206Pb/238U 
age of 446.0 +3.2/-2.0 Ma with an asymmetric 96.5 % con-
fidence level. This population yields a concordia age of 
446.8 ± 6.9 Ma (int. + ext. uncertainty) (Fig. 7a).

7.1.2. TX44 (Sattelspitz amphibole orthogneiss)
The analysed zircons in TX44 are 63 to 250 µm in size 

and grains are mainly prismatic with length ratios up to 
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1:4. The zircons are often cracked and partly fragmented. 
In CL images rare metamict zones in grain centres are vis-
ible (Fig. 4). Internal structures show often complex core 
domains surrounded by oscillatory patterns. Major cores 
have internal structures varying from clear oscillatory 
zoning to weak or texture-free patterns. In about 70 % 
of the zircons, cores are visible. The grains exhibit a fine 
metamorphic rim.

Analyses representative of the last magmatic growth 
are aligned on a regression line indicating recent Pb-loss. 
The upper intercept at 470 ±11 Ma (int. + ext. uncertainty) 
reports the age of the last magmatic growth stage (Fig. 
7b). Analyses with values offset from this regression line 
were excluded from the calculation. 

7.1.3. LK17-3 (Lodnerhütte leucocratic orthogneiss)
The zircons from sample LK17-3 are from the 63 to 180 

µm sieve fraction. They are short to moderately prismat-
ic from 1:1.5 to 1:4. The zircons are partly fragmented or 
have irregular forms. Complex core domains, resorption, 

overgrowth, and rim structures are visible in CL images 
(Fig. 5). In about 60 % of zircons, cores are visible. A few 
µm wide, light-colored rims surround the outermost os-
cillatory patterned zones. The measurements represent-
ing the last magmatic zircon growth yield a concordia 
age of 449.6 ± 6.8 Ma (int. + ext. uncertainty) (Fig. 7c). 

7.1.4. LK17-4 (Tschigat orthogneiss)
Zircons from 63 to 180 µm were extracted from sample 

LK17-4. The zircons are mostly moderately prismatic with 
aspect ratios of 1:2 to 1:4. Needle-like zircons with ratios 
up to 1:8 and needle or prism fragments are frequent. CL 
images are similar to those of LK17-3 and show complex 
core, resorption, overgrowth, oscillatory zoning, and fine 
rim structures (Fig. 6). Cores occur in up to 85 % of the zir-
cons. The concordia age of last magmatic growth is 451.9 
± 6.9 Ma (int. + ext. uncertainty) (Fig. 7d). 

7.2. Metamorphic ages
In TX38, young ages are interpreted as influenced by 
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Figure 8: Inherited zircon cores combined from samples TX38, TX44, LK17-3 and LK17-4 in a Kernel Density Estimation (blue) and a probability density 
plot (black). Cores younger than 1500 Ma are plotted with U238/Pb206-ages, cores older than 1500 Ma with Pb207/Pb206-ages. 
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the partial ablation of rims. These ages are excluded by 
the TuffZirc algorithm. The rims are too thin to determine 
an age. In TX44, young ages influenced by partial abla-
tion of rims and offset from the recent Pb-loss regres-
sion line were excluded from the calculations. In LK17-3, 
measurements on metamorphic rims resulted in young-
er mixed ages down to about 410 Ma, but an age of the 
metamorphic growth could not be extracted. In LK17-4, 
the influence of metamorphic rims results in younger 
(mixed?) ages down to 366 Ma. Again, no metamorphic 
age could be extracted.

7.3. Inherited zircon ages
All samples exhibit older zircon cores identifiable by 

textures in CL images. Figures 3–6 show representative 
zircons with cores and ages of the laser ablation spots 
for the four samples. Zircon cores were dated when 
they were large enough for the spot size used (33 µm or 
26 µm). A range of ages could be determined in zircon 
cores which are slightly to significantly older than the 
age of last magmatic growth. The youngest cores are 
within uncertainty identical to the age of the last mag-
matic growth. For example, the sample spots LK17-3_34 
(the youngest dated core) and LK17-3_35 (last magmat-
ic growth) have 206Pb/238U dates of 455 Ma and 452 Ma, 
respectively. The oldest zircon core was found in sample 
LK17-4 with a 207Pb/206Pb date of 2683 ±42 Ma. The identi-
fied, dated, and concordant cores of all four samples have 
been plotted together, similar to detrital zircons in a Ker-
nel Density Estimation (KDE) plot in combination with a 
probability density plot (PDP) with the program Density-

Plotter (Vermeesh, 2012) (Fig. 8). Here, the 206Pb/238U-ages 
are plotted for the ages below 1500 Ma. Above 1500 Ma, 
the 207Pb/206Pb-ages are plotted because they are more 
robust in that age range. Since only concordant ages are 
used, mixed ages and ages with Pb-loss (in sample TX44) 
are left out. In this way 100 zircon core ages are plotted. 
The ages are not plotted separately for each sample 
because on one hand, the low number of zircon cores 
would lead to weak statistics. On the other hand, there 
are no significant differences between the samples with 
respect to zircon core ages. 

The zircon cores show a continuous age distribution 
between ca. 450 Ma and ca. 800 Ma, with the youngest 
peak at ca. 490 Ma, a minimum at ca. 510–540 Ma, the 
overall highest abundance between ca. 540–580 Ma, and 
further peaks at ca. 610 Ma and 800 Ma. A small cluster 
of ages occurs at ca. 1000 Ma. The oldest zircon cores are 
between ca. 1800 Ma and ca. 2700 Ma, with a peak at ca. 
2000 Ma. 

8. Whole rock geochemistry and tectonic environ-
ment

Assuming isochemical metamorphism, the geochemis-
try of the orthogneisses can be used to characterize their 
magmatic protoliths. All samples show typical granitoid 
composition. We use discrimination schemes for major 
elements and combine our data with the data from the 
Texel area of Bargossi et al. 2010 (and references therein) 
and from the Ötztal Complex s. str. of Schindlmayr (1999) 
for comparison. We present these in the discrimination 

Figure 9: Discrimination diagram of granitoids after Maniar and Piccoli (1989) with geochemical data from orthogneisses of this study, Bargossi et al. 
(2010) and Schindlmayr (1999). Ages for the samples TX38, TX44, LK17-3 and LK17-4 are from this study. Ages in brackets are from Klötzli et al. (2008) 
(454 Ma) and Siegesmund et al. (2021) (479 Ma). The arrow marks the temporal differentiation trend.
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schemes of Maniar and Piccoli (1989; see also Schulz et 
al., 2008), and of Debon and Le Fort (1988) and Villaseca 
et al. (1998; see also Zurbriggen, 2020). In the diagrams 
(Figs. 9 and 10), the samples are grouped by orthogneiss 
type and location. The above-described LA-ICPMS zircon 
U-Pb ages are also plotted. Ages for the samples TX38, 
TX44, LK17-3 and LK17-4 are from this study. Note that the 
ages in brackets from Klötzli et al. (2008) and Siegesmund 
et al. (2021) are not from the same samples as the geo-
chemical data of Schindlmayr (1999), but from the same 
orthogneiss body.

For the discrimination diagram after Maniar and Piccoli 
(1989), the molar weight ratios of Al2O3/(Na2O + K2O) and 
Al2O3/(CaO + Na2O + K2O) were calculated from the XRF 
wt-% data (Fig. 9). Maniar and Piccoli (1989) assign com-
positional fields to tectonic environments. These are is-
land arc granitoids (IAG), continental arc granitoids (CAG), 
continental collision granitoids (CCG) and post-orogenic 
granitoids (POG). 

The Sattelspitz amphibole orthogneiss and the Engels-
wand orthogneiss samples plot closest to the IAG com-
position field. The Alpeiner orthogneiss plots close to the 
CAG composition field. The samples from the Tschigat 
and Tschigat-type orthogneisses including LK17-4 plot in 
an area overlapping the CAG and CCG fields. The leuco-
cratic orthogneisses from the Ötztal, Texel and Marlengo 
units plot in the CCG and partly in the POG field. The sam-
ple LK17-3 (Lodnerhütte  leucocratic orthogneiss) and the 

Sulztal orthogneiss plot in the CCG field. The Marlengo 
orthogneisses, the Bassler orthogneiss, and the Pfaffen-
grat orthogneiss plot in the area where CAG, CCG, and 
POG overlap. 

Following Zurbriggen (2015, 2020), we used the dis-
crimination scheme of Debon and Le Fort (1988) with 
additions from Villaseca et al. (1998). The rocks are dis-
criminated by their metaluminosity and peraluminosi-
ty (A-value: Al – (K + Na +2Ca)) versus their felsicity and 
maficity (B-value: Fe + Mg + Ti) (Fig. 10). For the calcula-
tion using wt-% of oxides, molecular weight, and millica-
tionic values, see Debon and Le Fort (1988). The scheme 
is primarily descriptive without standard tectonic inter-
pretations, but can identify trends of magmatic process-
es (Zurbriggen, 2020). In the diagram (Fig. 10) areas of the 
typical range of compositions for different rock types 
are depicted after Zurbriggen (2020). Outlined in red are 
low-temperature I- and S-type granitoids. The green field 
represents the melting sediments (pelites, greywackes). 
Highly fractionated melts solidify as leucogranitoids (yel-
low). The blue field represents the CAFEM-field, a type of 
magmatic association composed of metaluminous rocks 
(Debon and Le Fort, 1988) which have a basaltic melt 
source and are high temperature I-type granitoids. Addi-
tionally, the I/S-line (Villaseca et al., 1998) divides typical 
I- and S-type granitoid compositions. 

The Sattelspitz amphibole orthogneiss, the Engels-
wand orthogneiss, and the Alpeiner orthogneiss samples 
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have the highest B-values (ca. 105–150) and plot in the 
moderately peraluminous field close to the low peralu-
minous granitoid field and to the metaluminous field. 
The Tschigat and Tschigat-type orthogneisses and the 
Sulztal orthogneiss plot in a more felsic area (B-value: 
ca. 65–95) and are higher in peraluminosity. They reach 
from the moderately peraluminous to the highly peralu-
minous field. The Lodnerhütte leucocratic orthogneiss 
plots not in but close to the leucogranitoid field (B-value: 
ca. 50) and in the highly peraluminous field. The other 
leucocratic orthogneisses (Texel/Marlengo) plot in the 
leucogranitoid field (B-value: ca. 15–30) and in the highly 
felsic granitoid field. The Marlengo orthogneiss of Bar-
gossi et al. (2010) and the Pfaffengrat orthogneiss plot 
under the I/S-Line in the I-type field, while all other or-
thogneisses except for the Engelswand orthogneiss plot 
more or less above in the S-type field. 

9. Discussion

9.1. Compositional and temporal evolution of 
 magmatism

The zircon ages of the last magmatic growth zones in 
the orthogneisses are interpreted as the emplacement 
ages of the granitoid protoliths. In Figure 11, the zircon 
ages are plotted on a time axis with their uncertain-
ty bars (int. + ext. uncertainty). Although sample TX44 
has a higher age uncertainty, it is clearly older than the 
other samples, as the uncertainties do not overlap. The 
samples LK17-4, LK17-3 and TX38 have a smaller age un-
certainty but lie closer together in time, which results in 
significant overlap within uncertainty. In the following, 
we discuss the correlation of the temporal evolution with 
the geochemical variations.

TX38

LK17-3

LK17-4

TX44

440450460470480
Age [Ma]

Figure 11: Time scale of magmatic growth concordia ages of samples 
TX38, TX44, LK17-3 and LK17-4 with 2σ uncertainty-bars.

the characteristics of the youngest group 5. Schindlmayr 
(1999) was undecided if the briefly described Tschigat or-
thogneiss belongs to the older group 3 (based on zircon 
typology) or the younger group 5 (based on appearance 
similar to the Silzer granite gneiss in the northern Ötz-
tal Complex). Our geochemical data is also unconclusive. 
The younger magmatic protolith age of the Tschigat 
orthogneiss (452 Ma) relative to the Sattelspitz amphi-
bole orthogneiss (group 4) shows that the Tschigat or-
thogneiss belongs to group 5.  This means that our age 
data are in harmony with the observations of Schindl-
mayr (1999).

In the diagram after Maniar and Piccoli (1989) (Fig. 9), 
an arrow shows the observed chemical and chronolog-
ical evolution trend of the orthogneisses in the Ötztal, 
Texel, Tschigat, and Marlengo area. Our above-described 
ages from the LA-ICPMS U-Pb zircon dating of the sam-
ples TX44 (470 Ma), LK17-4 (452 Ma), LK17-3 (450 Ma), and 
TX38 (447 Ma) are indicated in the diagram. These ages 
outline a trend from the older Sattelspitz amphibole or-
thogneiss over the Tschigat(-type) orthogneisses to the 
younger leucocratic orthogneisses of the Ötztal unit 
and the youngest of the Marlengo unit. From the Tschi-
gat(-type) to the Marlengo orthogneisses, the evolution 
turns in the direction of the POG field. Combined with 
the groups and geochemistry of Schindlmayr (1999), the 
LA-ICPMS ages of 479 Ma from the Engelswand (Sieges-
mund et al., 2021) and of 454 Ma from the Pfaffengrat 
(Klötzli et al., 2008) orthogneiss bodies both support our 
observed Ordovician differentiation trend (Figs. 9 and 
10). Unlike the LA-ICPMS age data, other age data do not 
resolve the complex internal zircon textures sufficiently.

Schulz et al. (2008), in an equivalent diagram after 
Maniar and Piccoli (1989) for the Austroalpine basement 
south of the Tauern Window, drew the early part of their 
chemical and chronological evolution trend similarly 
to our trend, but it ends with a turn in the opposite di-
rection, away from the POG field in the direction of me-
ta-porphyroids with higher Al to Ca + Na + K ratios. This 
seems inconsistent, as the meta-porphyroids of Schulz et 
al. (2008) are older (ca. 479-473 Ma) than the youngest 
(ca. 448 Ma) orthogneisses with a less aluminous chemis-
try. Generally, our data confirms the geochemical tempo-
ral evolution in the Ordovician magmatites south of the 
Tauern window (Schulz et al., 2008) and in the larger area 
(e.g., von Raumer et al., 2002; Spiess et al., 2010). This sup-
ports the existence of a general geochemical trend in the 
Ordovician magmatites west of the Tauern window (Ötz-
tal Nappe, Texel area). Von Raumer et al. (2002) and Spiess 
et al. (2010) also use the discrimination after Maniar and 
Piccoli (1989) and similarly suggest a trend from an active 
margin to a collisional setting for Ordovician magmatites 
on the northern Gondwana margin. They did not consid-
er an Alaskan-type accretionary orogen. 

Zurbriggen (2015, 2020) used the diagram of Debon 
and Le Fort (1988) to support the idea of an Alaskan-type 
accretionary orogen. One main character of Alaskan-type 
accretionary orogens is the high sediment input into the 
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Based on rock descriptions and compositional char-
acteristics, we correlate the Sattelspitz amphibole or-
thogneiss (470 Ma) with group 4 after Schindlmayr (1999). 
The Lodnerhütte leucocratic orthogneiss (450 Ma) and 
the Lower Vernuer leucocratic orthogneiss (447 Ma) fit 
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subduction zone (e.g., Zurbriggen, 2017). This sediment 
is seen as the main melt source for the granitoids. Similar 
to the samples of Zurbriggen (2015, 2020), most of our 
samples show a sediment melt origin by plotting in the 
sediment field (green) or represent more fractionated 
leucocratic products of melted sediments. The Sattel-
spitz amphibole orthogneiss samples plot in an area be-
tween the sediments (green) and the CAFEM field (blue) 
in the prolongation of the I/S-line. The per- to metalu-
minous character shows the influence of a basaltic melt 
source. On the other hand, the abundance of inherited 
zircon cores in the zircons of the Sattelspitz amphibole 
orthogneiss (TX44) suggests sediments as melt source. 
Magma mixing is a possible explanation for the forma-
tion of metaluminous granitoids with inherited detrital 
zircons. Basaltic melts and anatectic felsic melts com-
monly do not mix due to different temperatures and the 
resulting viscosity contrast (Barker et al., 1992). After Zur-
briggen (2020), the more fractionated CAFEM-series of 
basaltic origin can mix with the sediment-derived melts, 
which occurs at temperatures of ca. 850 °C (Zurbriggen, 
2015; see also Vielzeuf and Holloway, 1988). The main 
fractionation process in the CAFEM-series is hornblende 
fractionation (Debon and Le Fort, 1988).

While Zurbriggen (2020) describes the development 
of the per- and metaluminous granitoids as contempo-
raneous, our data show a temporal evolution from met-
aluminous to peraluminous granitoids and an increas-
ing felsicity over time. This differentiation trend is here 
observed exclusively in the Ordovician magmatic cycle, 
while Zurbriggen (2020) describes an evolution from an 
I-type-dominated Cadomian orogeny (Andean-type con-
tinental arc) to an S-type dominance during the Cenerian 
orogeny (Alaskan-type subduction-accretion complex-
es). The late Precambrian to Cambrian Cadomian oroge-
ny precedes the Ordovician Cenerian orogeny (Schulz et 
al., 2008; Zurbriggen, 2020). Here, we identified a more 
short-lived differentiation trend restricted to the Ordovi-
cian magmatic cycle.

9.2. Inherited ages
The age distribution of zircon cores leads to the fol-

lowing considerations. The melt source of the sampled 
orthogneisses shows an affinity to the Northeast Afri-
ca-Arabia Zircon Province (Stephan et al., 2018), as far as 
the older part (>700 Ma) of the age distribution is con-
cerned. The younger part of the age distribution (<700 
Ma) remains to be interpreted. The chemistry of the 
orthogneisses implies a sedimentary melt source or a 
melt source in S-type granitoids or a combination. The 
older Sattelspitz amphibole orthogneiss has a minor ba-
saltic/basic melt source component that does not seem 
to change the zircon distribution and abundance much. 
One explanation for the young inherited zircons (ca. 
455–500 Ma) in the slightly younger orthogneisses could 
be that they stem from melted sediments where the 
youngest zircons are detrital and define the maximum 
deposition age. These sediments would have been de-

posited shortly before melting, i.e. contemporaneously 
with the Ordovician magmatic phase. This is conceptual-
ized for the Northern Gondwana margin by the Cenerian 
Alaskan-type subduction-accretion orogeny after Zur-
briggen (2017). Alternatively, multi-phase melting and 
zircon growth in a single melt body as well as assimila-
tion of older zircons from neighboring Early Ordovician 
granitoids could explain the inherited Ordovician zircon 
cores. This can also be assumed for the I-type Pfaffen-
grat orthogneiss body with a zircon core age of 486 Ma 
and a magmatic rim age of 454 Ma (Klötzli et al., 2008). 
The highest peak of inherited zircons of 540–580 Ma is 
attributed to the Cadomian arc magmatism. Arc related 
and (calc-)alkaline magmatites are abundant in the Aus-
troalpine basement south of the Tauern Window and in 
the Silvretta basement and have Ediacaran to Cambrian 
ages (ca. 520–590 Ma) (Siegesmund et al., 2021; and refer-
ences therein).

Apart from the possibly assimilated Ordovician mag-
matites, it can be assumed that the melt source was 
mainly composed of sediments with the observed zir-
con provenance pattern including the highest peak of 
ca. 540–580 Ma old zircons. Detrital zircon data from 
the Ötztal basement metasediments indicate Cambrian 
maximum deposition ages (Siegesmund et al., 2021). The 
magmatic hiatus from ca. 500 to 520 Ma (Siegesmund et 
al., 2021; Stephan et al., 2019) is visible as a decrease in the 
zircon age distribution (Fig. 8).

In an active margin setting sediments incorporate 
young magmatic zircons of the active margin in a high 
proportion (Cawood et al., 2012). The Ötztal basement 
metasediments do not show Ordovician zircons and only 
very few Cambrian/post-Cadomian zircons (Siegesmund 
et al., 2021; and own unpublished data). The Ötztal base-
ment metasediments are therefore, assuming an active 
margin, older than Ordovician magmatism. There seems 
to be a significant age gap between the deposition of the 
Cambrian sediments and their being intruded by Ordovi-
cian magmatism.

9.3. Tectonic framework of Ordovician magmatism
The Ordovician and pre-Ordovician basement of the 

Ötztal Nappe is dominated by metasedimentary rocks. 
The Ordovician orthogneisses also show a major sed-
imentary influence. These sediments are seen as part 
of the super-large early Paleozoic peri-Gondwanan 
greywacke-pelite series stemming from the Gondwana 
mainland (Zurbriggen, 2017) and being deposited after 
the Cadomian magmatic phase. The nature of the Cam-
brian post-Cadomian Gondwana margin is unresolved. 
Stephan et al. (2019) assume a passive margin, also 
during the Ordovician. A majority of authors is in favor of 
an active margin, but subduction characteristics are not 
conclusive. In general, a continuation from Cadomian to 
Ordovician subduction is assumed (e.g. Zurbriggen, 2017; 
Siegesmund et al., 2021; Neubauer et al., 2022; Finger and 
Riegler, 2023).

The coexistence of Cadomian (Late Ediacaran - Early 
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Cambrian) magmatites and younger Late Cambrian to 
Ordovician granitoids in the Silvretta Complex, the Schl-
adming Complex, and the Northern Defereggen Com-
plex (Neubauer et al., 2022) contradicts the model of 
Zurbriggen (2017), where the trench and the magmatic 
arc are moving away from older arc magmatites, older 
accreted sediments and the cratonic mainland by the 
oceanward advance of the continental margin. Similarly, 
in the Ötztal Complex the Early Cambrian Central Metab-
asite Zone coexists with the Late Cambrian to Ordovician 
granitoids. However, the metabasites might alternatively 
be interpreted as a later obducted ophiolite (Neubauer 
et al., 2022).

The host rock for the Ordovician magmatism of the 

Ötztal Nappe was a continental crust consisting primarily 
of Cambrian clastic sediments at the northern margin of 
Gondwana near Northeast Africa and Arabia, as indicated 
by zircon provenance. The increase of magmatic activity, 
which led to the Ordovician magmatic peak, started with 
partial melting of these sediments and the formation of 
migmatites at ca. 490 Ma (Klötzli-Chowanetz et al., 1997). 
Ordovician mid-ocean ridge (MOR) subduction starting 
at c. 470–480 Ma may explain the increased magmatic 
activity by additional heat input (e.g., Stampfli, 2000; von 
Raumer et al., 2002; Schulz et al., 2008; Zurbriggen, 2015). 
An approaching MOR causes the steepening of the sub-
ducting slab and/or slab rollback (e.g., Salze et al., 2018). 
This may have led to increased heat supply to the mantle 

Figure 12: Tectonic model of the Ordovician magmatism in the Texel complex for the time steps 470 Ma and 450 Ma, with underplating basaltic melts 
(purple and pink) and emplaced granitoids (orange and red), respectively. The observed differentiation trend is linked to slab steepening/roll-back 
and mid ocean ridge subduction. See text for details.
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wedge causing partial melting (e.g., Siegesmund et al., 
2023; Oriolo et al., 2021). Ridge subduction-induced orog-
eny (e.g., Windlay and Xiao, 2018) may explain Ordovician 
orogenic deformation (e.g., Sardic phase, Stephan et al., 
2019), uplift, shortening, and the observed magmatic dif-
ferentiation to anatectic granitoids with CCG signature, 
like the Lodnerhütte leucocratic orthogneiss sample 
LK17-3 (450 Ma). Ridge subduction effects are sensitive 
to the angle between ridge and trench and to relative 
and absolute plate motion. Perpendicular to low-angle 
oblique ridge subduction causes the loss of slab pull as 
driving force for continued subduction and the end of 
subduction (e.g., Burkett and Billen, 2009). This is consis-
tent with a Silurian passive-margin setting, as is reported 
for the Austroalpine (e.g., Schulz et al., 2008; Neubauer et 
al., 2022).

Siegesmund et al. (2023) located the Ötztal Nappe 
with other Austroalpine units in a central position of the 
Ordovician magmatic arc. The position of the Penninic 
units and the External Massives was more towards the 
forearc, and the South Alpine units more towards the 
back arc, except for the Strona-Ceneri Zone which was 
close to the subduction interface. Ordovician back-arc 
basin sediments are also reported for the Austroalpine 
in the Northern Greywacke Zone (Nievoll et al., 2022). 
An Ordovician and post-Ordovician terrane configura-
tion for intra-Alpine terranes has been proposed (e.g., 
Frisch and Neubauer, 1989; Ratschbacher and Frisch, 
1993; Siegesmund et al., 2021; Neubauer et al., 2022) but 
is not yet well-constrained for the subunits of the Ötztal 
Nappe, like the Ötztal Complex s. str., the Texel Complex, 
the Schneeberg Frame Zone, and the Schneeberg Com-
plex (Klug and Froitzheim, 2021). To keep things simple, 
we do not include this terrane subdivision in our tectonic 
model. 

9.4. Tectonic model
In Figure 12, we outline a tectonic model for two time-

steps of 470 Ma and 450 Ma suggesting a speculative 
scenario for the magmatic differentiation trend of the 
Ötztal Nappe/Texel area. The Ordovician active margin 
of Gondwana was dominated by the preceding accretion 
of Neo-Proterozoic and Cambrian sediments to the cra-
tonic mainland and the Cadomian magmatic arc. The co-
existence of Cadomian and Ordovician magmatic rocks 
in other Austroalpine units (e.g., Silvretta, Schladming, 
Northern Defereggen) and in the Central Ötztal Metaba-
site Zone may be explained by the tectonic incorporation 
of fragments of the Cadomian arc or even the cratonic 
mainland into the accretionary complex or by proximity 
to the mainland. The precursor to the Ordovician mag-
matic peak may be flat slab subduction with reduced 
magmatism. As in previous models (e.g., von Raumer et 
al., 2002; Schulz et al., 2008), the onset of arc magmatism 
at ca. 470–480 Ma can be explained by an approaching 
MOR on the lower plate inducing slab steepening and/or 
slab rollback. The subduction of the MOR leads to a slab 
window, loss of slab pull, compressional orogeny, uplift 

and anatectic melting with peraluminous CCG magma-
tism. 

10. Conclusion
In the southeastern Ötztal Nappe and the adjacent 

Marlengo Slice, orthogneisses yield Ordovician mag-
matic protolith ages by U-Pb zircon LA-ICPMS dating. 
The ages trace a differentiation trend from a ~470 Ma 
old metaluminous granitoid with a geochemical mag-
matic arc signature, over 450–452 Ma old peraluminous 
granitoids with an arc to continent-collision signature, 
to a ~447 Ma old leucocratic granitoid with a collisional 
to post-orogenic signature. Metaluminous to peralumi-
nous geochemistry and a high abundance of inherited 
zircon cores show a major sedimentary melt source. The 
zircon cores of the melt-source sediments exhibit a de-
trital source in the East-African-Arabian Zircon Province 
(Stephan et al., 2018) on the northern margin of Gondwa-
na, including a source of late Neoproterozoic Cadomian 
zircons. The Texel Ordovician granitoid magmatism is 
probably related to a mid ocean ridge subduction under 
the active margin of Northern Gondwana dominated by 
sediment accretion. 
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