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Zusammenfassung

Im Zuge der magmatischen Ereignisse, die sich nach der
Kollision der Kontintente entlang der Periadriatischen Zone
abspielten, intrudierten im Oligozan (32-31 Ma) an der Sid-
seite des Ortler-Cevedale-Massivs der Rhatischen Alpen
einige quarzdioritische Plutone und andesitische Gange. Die-
se Korper drangen nach der Deckeniiberschiebung in die Se-
dimenthille und die kristalline Unterlage der oberostalpinen
Ortler-Decke ein und erzeugten einen groBen thermometamor-
phen Hof.

Zwei Gruppen magmatischer Kérper mit kalkalkalischer und
kalireicher kalkalkalisch/shoshonitischer Affinitat sind in zwei
benachbarten, voneinander getrennten Radumen erkannt wor-
den. Die kalkalkalische Gruppe erfa3t den Quarzdioritpluton
der Konigsspitze und die andesitischen Génge des Forno-Ta-
les. Kalziumreiche Plagioklase, braungrine Amphibole, etwas
Biotit und Quarz bilden den Hauptmineralbestand; Kalifeld-
spat, Orthopyroxen, Klinopyroxen und Granat sind charakteri-
stische akzessorische Minerale.

*} Authors’ addresses: GIORGIO V. DAL Piaz, SiLvaNA MARTIN,
Istituto di Geologia dell’ Universita, via Giotto 1, 1-35100 Pa-
dova; ALDO DEL MORo, Istituto di Geocronologia e Geochimica
Isotopica CNR, via Cardinale Maffi 36, |-56100 Pisa; GIAMPIE-
RO VENTURELLI, Istituto di Petrografia dell’Universita, viale delle
Scienze 78, 1-43100 Parma.

Financial support for this study was provided by the "Centro
di studio sull’'Orogeno delle Alpi orientali”, CNR Padova, and
by the Ministero della Pubblica Istruzione.

Die kalireiche Gruppe ist durch die Intrusiva vom Ulten-Tal
und vom Mare-Tal (Peio) und durch die andesitischen Gange
des Gavia-Tales vertreten, welche hauptsachlich aus kalzium-
reichem Plagioklas, Amphibol, Biotit, Kalifeldspat und Quarz
bestehen und *Klinopyroxen aufweisen. Diese Gesteine un-
terscheiden sich nach ihrem Chemismus und nach ihrem Iso-
topengehalt, sodaB man annehmen kann, daB sie mindestens
zwei verschiedenen Magmen des Mantels entstammen. Eine
durch vielphasigen ProzeB verursachte, komplexe Entwicklung
ist fur die Entstehung der oligozdnen magmatischen Tatigkeit
ins Auge zu fassen:

1) Metasomatische Vorgange haben wéhrend der frihalpidi-
schen, kretazischen Subduktion jene Mantelteile verandert,
welche spater die Bezugsquellen der periadriatischen Mag-
men darstellten.

2) Diese Bezugsquellen wurden nach der Kollision der Kon-
tinente dann aktiv, als im Eozén die geeigneten Wérmebe-
dingungen wiederhergestellt waren.

3) Das Aufdringen der Magmen erfolgte, wahrend im Oligozan
auf kurze Zeit entlang der Periadritischen Zone Dehnungs-
bedingungen bestanden; durch die jungalpidische neogene
Kompression wurde es am Aufdringen gehindert.

Die Kristallisationsdifferentiation der Muttermagmen gibt
neben der wechselnden Einwirkung des Krustenmaterials eine
weitere Erkldrung flr die Entstehung, den Chemismus und
den Isotopengehalt dieser Gesteine.

Abstract

During the post collisional magmatic event which developed
along the Periadriatic belt, some quartzdioritic plutons and
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andesitic dykes were emplaced (32-31 Ma ago) in the south-

eastern side of the Ortler-Cevedale Massif, Italian Rhaetian

Alps. These bodies cut the cover and basement rocks of the

Upper Austroalpine Ortler nappe after nappe piling and re-

lated shear zones, Eo-Alpine metamorphism and post nappe

folding, and produced large thermometamorphic aureoles.
Two groups of magmatic bodies with calc-alkaline and

high-K calc-alkaline/shoshonitic affinity have been recognized
in two adjacent and separate areas. The calc-alkaline group
includes the Gran Zebru quartzdioritic pluton and the Forno
valley andesitic dykes. Calcic plagioclase, brown-green am-
phibole, minor biotite and quartz are the main magmatic mi-
nerals, while K-feldspar, orthopyroxene, clinopyroxene and
garnet sometimes occur as significant accessory minerals.
The high-K calc-alkaline/shoshonitic group is represented by
the Griinsee and Mare valley intrusive complexes and by the
Gavia valley dykes, which are mainly formed of calcic plagio-
clase, amphibole, biotite, K-feldspar, quartz and * clinopyro-
xene. The rocks studied display chemical and isotopic
heterogeneities which suggest that the magmatic bodies. of
the Ortler-Cevedale massif were generated from at least two
different mantle-derived parental magmas produced by diffe-
rent sources. A complex evolution by multistage processes
for the genesis of the Oligocene magmatic activity may be en-
visaged as follows:

1) Metasomatic processes during the Eo-Alpine (Cretaceous)
subduction allowed heterogeneities in the mantle sections
which later acted as undercrustal sources of magmas.

2) These sources became active after the continental colli-
sion, when suitable thermal conditions were restored
(Eocene).

3) The uprise of magmas occurred when extensional condi-
tions briefly acted along the Periadriatic belt (Late
Oligocene), and was averted by the renewal of Neo-Alpine
compressive to transpressive regimes (Neogene).
Fractional processes of parental magmas in crustal magma-

tic chambers, combined with interaction with continental

material, may further account for the genesis of these rocks
and for their chemical and isotopic variations.

Riassunto

| plutoni quarzodioritici ed i filoni andesitici presenti nel set-
tore sudorientale del massiccio dell’Ortles-Cevedale risalgono
all’Oligocene superiore (32-31 Ma) ed appartengono quindi
al’evento magmatico Periadriatico che si & sviluppato, lungo
il settore interno della catena alpina, dopo la collisione conti-
nentale. Essi sono intrusi nelle coperture mesozoiche e nel
basamento della falda dell’Ortles (Austroalpino superiore) e, in
base a rapporti di intersezione, sono chiaramente successivi
all’appilamento delle falde, allo sviluppo di zone di shear e di
retrocessione metamorfica di eta eoalpina e ad una fase di ri-
piegamento.

Lo studio geochimico ed isotopico consente di riconoscere
due gruppi di rocce eruttive caratterizzati da affinita calcalca-
lina e calcalcalina alta in K/shoshonitica, localizzati in due
aree separate ed adiacenti. || primo gruppo comprende il plu-
tone del Gran Zebru ed i filoni della valle dei Forni e delle sue
tributarie. La loro associazione magmatica & caratterizzata da
plagioclasio calcico, anfibolo verde-bruno, biotite e quarzo
cui talora si aggiungono, in quantita accessoria, feldspato po-
tassico, pirosseni e granato. |l secondo gruppo comprende i
complessi intrusivi del Lago Verde (valle d'Ultimo) e di valle
della Mare (Peio} ed i filoni andesitici della valle del Gavia. |
componenti fondamentali dell’associazione magmatica sono
analoghi a quelli sopra descritti, integrati da feldspato potas-
sico.

Il quadro dei caratteri geochimici ed isotopici suggerisce
che i corpi eruttivi del massiccio dell’Ortles-Cevedale sono
stati generati da almeno due magmi distinti, di derivazione
sottocrostale. La loro genesi sembra legata a complessi pro-
cessi polistadiali sintetizzabili nel modo sequente:

1) Processi metasomatici sviluppati nella zona di subduzione
eoalpina hanno variamente anomalizzato parte delle sezio-
ni di mantello che successivamente costituiranno le
sorgenti dei magmi Periadriatici.

Tali sorgenti divennero attive soltanto con la normalizza-
zione dell’assetto termico della zona di collisione litosferi-
ca (Eocene).

La risalita dei magmi ebbe infine luogo quando la fascia
Periadriatica fu sottoposta a vigorose condizioni distensive
(Oligocene superiore) e I'attivita magmatica cessd con il
sopravvenire di nuovi regimi compressivi e transpressivi
(Neogene).

Processi di frazionamento dei magmi parentali insediati in
camere magmatiche crostali ed una certa interazione con ma-
teriale crostale completano il quadro dei processi evolutivi
che hanno caratterizzato il magmatismo oligocenico in questa
regione.

2
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1. Introduction

The post collisional evolution of the Alps is charac-
terized more or less continually by compressional con-
ditions, mainly recorded by the Mesoalpine (or Lepon-
tine) tectono-metamorphic event and by the Neoalpine
deformational phases vyielding Eocene-Lower Oligo-
cene and Neogene ages respectively (TRUMPY, 1973;
LAUBSCHER & BERNOULLI, 1982; HUNZIKER & MARTINOTTI,
1987).

The post collisional evolution is also characterized
by noticeable magmatic activity, displaying a calc-al-
kaline to ultrapotassic affinity (BECCALUVA et al., 1979,
1985; DAL Piaz et al., 1979; BELLIENI et al., 1981; VEN-
TURELLI et al., 1984; CALLEGARI, 1985, and references
therein). It developed along the centrai-internal sector
of the Alpine chain, mostly during the Late Oligocene,
as recorded by the E-W-trending magmatic belt which,
from the lower Aosta valley to Maribor, approximately
follows the Periadriatic (or Insubric s.l.) fault system
(Fig. 1) (GANSSER, 1968; BOEGHEL, 1975; EXNER, 1976;
DAL Pi1AZ & VENTURELLI, 1985; LAUBSCHER, 1985, and re-
ferences therein). This event is usually known as the
Periadriatic magmatism, although it occurred far from
the Adriatic Sea and earlier than the present structural
setting of the Periadriatic Lineament was acquired
{mainly Late Miocene, LAUBSCHER, 1985).

The Periadriatic magmatism generated plutons,
stocks, thin elongated bodies (i.e. the lamellae of
the Austrian literature), numerous dykes and poorly
preserved volcanic and volcanoclastic covers (EXNER,
1976; DAL Piaz [Ed.] 1985, and references therein).
Most of these are located along and north of the
Periadriatic fault system and intruded into the conti-
nent/continent collision suture of the Europe-verging
Alpine pile of nappes, shortly after the Mesoalpine re-

Fig. 1.

Tectonic map of the Alps and location of Tertiary magmatic bodies along the Periadriatic belt. Dotted insert refers to Figs. 2 and 5.

1 = Austroalpine décollement nappes of Northern Calcareous Alps (NCA); 2 = Austroalpine basement and cover units (A); 3 = Pennine nappe system (P), inclu-
ding undifferentiated flysch and ophiolite units; 4 = Helvetic-Dauphinois décollement nappes an sedimentary covers (H); 5 = Helvetic-Dauphinois basement units;
6 = Southern Alps (SA); 7 = Dinarides (D); 8 = Oligocene and Neogene sedimentary basins {a = Bresse - Rhine graben system, Molasse foredeep, Piedmont -
Langhe and Gonfolite basins, eastern Alpine intramontane basins; b = Vienna, Graz and Pannonian basins); 9 and 10 = Periadriatic magmatic bodies, mostly late
Oligocene (9 = intrusive bodies; 10a = dykes; 10b = flows, tuffs and volcanoclastic covers).

Location of main plutons: 1 = Traversella; 2 = Biella; 3 = Novate; 4 = Bergell; 5 = Adamello; 6 = Gran Zebru, Mare valley and Grinsee (this paper); 7 = Rumo and
Samoclevo lamellae; 8 = northern portion of Bressanone body; 9 = Rensen and Mt. Alto; 10 = Cima di Vila; 11 = Vedrette di Ries (Rieserferner); 12-15 =
lamellae and apophyses along eastern Periadriatic lines; 16 = Karawanken; 17 = Pohorje.
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gional metamorphism (DAL PIAZ et al., 1972, 1979);
TROMMSDORFF & NIEVERGELT, 1985, and references
therein). Others, including the Adamello composite
batholith, were emplaced within the Africa-verging
Southern Alps which, instead, seems to have excaped
Mesoalpine effects (BRACK, 1981; CALLEGARI, 1985).

Except for some andesitic dykes, the timing of the
Periadriatic magmatism is generally well defined by
field interference patterns and numerous radiometric
data (reviews in DAL PlAz & LOMBARDO, 1985 and SAssI
et al, 1985). Magmatic activity first appeared
42-35 Ma ago in the Southern Alps, south of the
Mesoalpine chain, forming the southern and central
Adamello plutons (DEL MORO et al., 1985) which include
a former tholeiitic event (ULMER et al., 1985). Most of
the magmas were emplaced along the Periadriatic
Lineament and extensively northwards, from 33 to 29
Ma ago (clustering around 30 Ma), assisted by exten-
sional conditions and acting briefly between the
Mesoalpine and Neoalpine events (DAL PiAZ, 1976; DAL
PIAZ & VENTURELLI, 1985; LAUBSCHER, 1985). The last
uprise of magma occurred 25-24 Ma ago, as recorded
by the Novate granite (GuLsoN, 1973) and by some
dykes emplaced in the Austroalpine units south of the
Tauern window (DEUTSCH, 1984).

A complex evolution by multistage processes may be
suggested for the Periadriatic magmatism (DAL Piaz et
al., 1979; VENTURELLI et al., 1984; CALLEGARI, 1985;
ULMER et al., 1985; SCHREYER et al., 1987, and refer-
ences therein). Eo-Alpine lithospheric subduction pro-
duced the structural setting and, in some instances,
the metasomatic processes in the mantie sections
which later acted as undercrustal sources of magmas.
These sources became active when a suitable thermal
environment was restored at depth. Such conditions
were probably reached in the Eocene, as inferred from
the restoration of a normal gradient characterizing the
post-collisional Lepontine metamorphism (FRey et al.,
1974) and from the coeval rising of the oldest Adamello
magmas. The plentiful Late Oligocene melts were
emplaced when extension acted along the Periadriatic
strip and was averted by the Neoalpine renewal of
compressional regimes. Fractionation processes of pa-
rental magmas, combined with interaction with conti-
nental crust at different structural levels, account for
the observed varieties in lithology, chemical composi-
tion and isotopic features (CALLEGARI, 1985; DEL MORO
et al., 1985, and references therein).

The location of the melt sources cannot be univoc-
ally defined by the present position of the Periadriatic
bodies, owing to Neoalpine tectonics. Although most
of the Neoalpine shortening may have been accomo-
dated outside the uplifting Mesoalpine chain and its in-
nerlands by the external zones of both opposite-verg-
ing Alpine and Southalpine underplating systems, ac-
cording to LAUBSCHER's (1971, 1974) models, some
right-lateral and dip-slip shifting of the Periadriatic
bodies from the lithospheric mantle roots my be envis-
aged.

This paper deals with some calc-alkaline plutons and
dykes intruding the Austroalpine basement and cover
units in the south-eastern side of the Ortler-Cevedale
massif in the ltalian Rhaetian Alps (Fig. 1). This is seen
as a typical area for the post-collisional magmatism,
being approximately located at the baricentre of the
magmatic belt and, together with the Adamello batho-
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lith, forming the largest transversal section of the Pe-
riadriatic strip.

2. Areal Geology

The area examined here is located on the western
side of the Trentino — Alto Adige (South Tyrol) region,
near the boundary with Lombardy, between the Ven-
osta (Vinschgau), Ultimo (Ulten), Sole and Gavia valleys
(Fig. 2). It is mapped in the 1:100.000 Mt. Cevedale
sheet (ANDREATTA, 1951).

For the basic literature on the regional geology of the
Ortler-Cevedale massif and surroundig areas, reference
may mostly be made to Gb. DAL Piaz (1934, 1936,
1942), ANDREATTA (1935, 1948, 1954), Pozzi (1965),
GREGNANIN & PICCIRILLO (1972, 1974), GATTO & SCOLARI
(1974), SATIR (1975), HERzBERG et al. (1977), PIRKL
(1980), THONI (1981, 1986, and references therein) and,
for the Alpine plutons and dykes, to STACHE & JOHN
(1876), HAMMER (1908), G. DaL Piaz (1926),
KLEBELSBERG (1935), MINGUZZI (1940), ANDREATTA (1942,
1954), ToMBA (1947), CORNELIUS (1949), ToMASI (1960),
ZANETTIN LORENZONI (1964), BARGOSSI et al. (1981), CE-
RONI (1982) and FERRETTI TORRICELLI (1982). The serial
and petrologic characterization of a noticeable set of
dykes occurring in the south-western South Tyrol was
made by GATTO et al. (1976) and BECCALUVA et al.
(1979, 1985).

The Upper Austroalpine system exposed between
the Tonale line and the Venosta valley includes the
overlying Tonale high-grade basement unit and the un-
derlying Ortler nappe, divided by a large, south-dip-
ping, middle-angle shear zone, commonly known as
the Peio Line (ANDREATTA, 1948). Further mylonitic to
diaphtoritic zones, sometimes including anhydrite-gyp-
sum lenses (Madriccio Pass, upper Peder valley; AN-
DREATTA, 1951), occur discontinuously inside the base-
ment of the Ortler nappe, which is a stack of north-ver-
ging units. By comparison with other Austroalpine
mylonites and from available data on the Alpine over-
print in western South Tyrol (radiometric ages around
90 Ma; THONI, 1981), the Ortler shear zones may be as-
signed to the Eo-Alpine event.

The capping Tonale unit consists of pre-Alpine

_high-grade paragneisses and minor marbles, metaba-

sites and gneissic granites, the latter transposed paral-
lel to the regional schistosity, characterized by large
schlingen structures. It also includes some slices of
preserved to serpentinized spinel + garnet lherzolites
with a tectono-metamorphic fabric. The pelitic and
psammitic sequences record a polyphase regional
metamorphism which yields Hercynian radiometric
mineral ages (THONI, 1981) and is characterized by sil-
limanite-kyanite-staurolite-garnet associations. Similar
rocks reappear to the north (outside the bounds of
Fig. 2), forming the Schlinig Klippe which overlies the
Scarl cover nappe. As a whole, the capping basement
unit may be seen as an intermediate crust plus upper
mantle slices drawn out from the deep Southalpine do-
main and obducted on top of the Austroalpine nappe
stack.

The underlying Ortler nappe is formed of
medium- to low-grade continental crust, consisting of
prevailing quartz-phyllites, strongly retrogressed
paraschists and minor staurolite-bearing micaschists,




\ \\ \ o SCMERAND R
Vs ey |
/Orschau vall
AN
I/ i
/ \]o\\e
/ ! Mendola
: > “| ) Pass
Ve ! 8
Ortler (53450 3 /
: -1 31- 440
Gran Zebrd] /50’ 445-(38-42 v
A7/ 191-195 R “78“3;;.., S1.)¢ GERTRAUD
R eote /A s RUMO
189 Cevedale oo
A...:A:Co..
’.3.00 X Malga M
T Zog s Yo 502532 RABBI
HK PEID Q \ICLE.S
y MALE
Le \
0 E + Q'
Tonale : N + % l
Pass L ]
- Lt S 1 5
AAL £ + + /~
o= G 7 + 7 Q o *
“+ e+ s < e
+ O
+ T +
+ +
N LR N NN A
Fig. 2.

Sketch map of Austroalpine units, Southern Alps and Adamello batolith in Trentino-South Tyrol and Lombardy Regions and location of analysed magmatic bo-
dies.

Upper Austroalpine system: 1 = sedimentary cover; 2 = quartz-phyilites and retrogressed paraschists; 3 = micaschists and paragneisses of Ortler nappe; 4 =
high-grade paragneisses, orthogneisses, marbles, amphibolites and minor peridotites of Tonale unit.

Southern Alps: 5 = undifferentiated cover and basement sequences.

Analysed magmatic bodies: 6a = plutons, apohyses; 6b = dykes of calc-alkaline (CA) and high-K calc-alkaline/shoshonitic (HK) affinities (A and B = bodies

studied by ANDREATTA, 1954, and MINGUZZI, 1940, respectively); 7 = Adamello batholith; 8 = Rumo and Somoclevo lamellae.

PL = Peio Line.

the latter preserved in the internal strip of the area. The
quartz-phyllites in turn include beds of marbles and
bodies of basic and acidic metavolcanics (ANDREATTA,
1954; ARGENTON et al., 1980; DAL Piaz & MARTIN, 1980,
and references therein). Most of the quartz phyllites,
especially in the middle strip, are strongly retrogressed
varieties of earlier medium-grade paraschists, which
form an Eo-Alpine(?) steep shear belt extending from
the upper Rumo valley to Lake Careser, Mt. Vioz and
the Gavia pass.

Most of the sedimentary cover of the Upper Austro-
alpine basement is preserved westwards as stacks of
décollement units, mainly consisting of recrystallized
Triassic dolostones and limestones. The lowest unit,
which is well exposed along the Ortler — Gran Zebru
(Konigsspitze) ridge, may be interpreted as cover de-
tached from the Ortler basement.

The Periadriatic magmatic bodies intruded both the
Austroalpine units, the western side of the Peio Line,
and the internal shear zones of the Ortler nappe. Plu-

537



Ortler
32 n T
\

30 <«— 42 Ma

Adamello

Fig. 3.

Tentative reconstruction of Alpine nappe pile
along Adamello - Ortler section, and location
of related Periadriatic bodies.

1 = Upper Austroalpine system: sedimentary
cover (a) and basement units (b); 2 = Lower
Austroalpine system: sedimentary cover (a)
and basement units (b); 3 = Ophiolites, flysch
décollement nappes and ocean-facing Pale-
oeuropean cover units; 4 = Penninic base-
ment and cover units; 5 = Helvetic basement
and cover units; 6 = Southalpine basement
and cover units; 7 = post-collisional magma-
tic bodies: Adamello composite batholith (a),
high-K calc-alkaline/shoshonitic (HK) Mare
valley and calc-alkaline (CA) Gran Zebru plu-

tons (b).
TL = Tonale Line.

4 5 L 6

tons and dykes usually cut the regional schistosity and
the parallel-transposed bedding.

The frame and composition of the units which, hid-
den in depth below the Ortler nappe, may have in-
teracted with the Periadriatic magmas, are tentatively
reconstructed in Fig. 3 by extrapolation from lateral
sections of the nappe pile. From top to bottom, we ex-
pect to find:

1) The 10-15 km thick stack of Upper Austroalpine
units;

2) the Lower Austroalpine system, consisting of upper
continental basement with a clastic, volcanic and
carbonate cover;

3) the ophiolitic suture, which may be correlated with
the Malenco-Tauern sequences;

4) the internal belt of the gneissic Pennine + Helvetic
basement units, mainly derived from granitic pro-
toliths.

The absence of lower continental crust in the
deepest section may plausibly be expected, consider-
ing that the rock volumes involved here were dragged
down from the thinned paleo-European passive margin.

3. Magmatic Bodies

The post-collisional magmatic bodies emplaced in
the Ortler nappe north of the Peio Line are the follow-
ing:

1) The plutons of Pale Rosse - Bottiglia pass (Gran
Zebru) and Griinsee (St. Gertraud, upper Ulten val-
ley);

2) the Pala della Donzella — Tof di Malé and Malga
Prabon stocks (Mare valley, Peio);

3) some andesitic dykes.

The locations and mineral assemblages of the
analysed samples are shown in Fig 2 and in the appen-
dix. Fig. 2 also shows the location of some bodies in-
vestigated by MINGUZzZI (1940) and ANDREATTA (1954).

Different structural leves of intrusion are exposed.
The Gran Zebru pluton and related dykes intruded both
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the Hercynian quartz-phyllites and the Triassic cover.
The magmatic bodies from Grinsee and Mare valley
are emplaced at the boundary between partly pre-
served staurolite-garnet-bearing micaschists and
strongly retrogressed paraschists. Further dykes main-
ly cut the greenschist basement.

Field evidence shows that magmatic activity post-
dated the Upper Triassic sedimentary cover, the Eo-Al-
pine recrystallization and ductile deformation of the
cover and basement sequences, and the blastomyloni-
tic shear zones. The magmatic bodies in turn record
some brittle deformations which may be referred to the
Neoalpine events. Oriented textures similar to those
occurring extensively in the north-eastern sector of
Adamello and in some elongated bodies along the
Periadriatic fault system (ExNER, 1976; CALLEGARI,
1985, and references therein) have been found only
locally in this area.

From the chemical data (see later), the magmatic
rocks may be subdivided into two groups, displaying
calc-alkaline to high-K calc-alkaline/shoshonitic affinity
and forming two distinct NE-trending belts (CA and HK
in Figs. 2 and 3), approximately parallel to the Peio
Line.

3.1. Calc-Alkaline Group

This group includes the Gran Zebru pluton and
numerous dykes occurring in the Forno valley and in
the Manzina, Pisella and Cedec tributaries.

The Gran Zebru pluton is a 3 km long, E-W-trending
elongated body discontinuously exposed in the glacier
areas between the upper Zebru valley and the Pale
Rosse and Bottiglia passes, at the base of the south-
ern wall of the Gran Zebru itself (TomAsl, 1950; AN-
DREATTA, 1951; MARTIN, 1978; ARGENTON et al., 1980).
Northwards the pluton intrudes the Norian folded car-
bonates and southwards the steep quartz-phyliites
compiex. It developed a noticeable thermal aureole
characterized by . pyroxene-garnet-amphibole-rich
skarns (on impure or metasomatized carbonates) and
andalusite-cordierite-spinel-corundum-plagioclase-
biotite assemblages (on metapelites).




The Gran Zebru pluton mainly consists of granular to
porphyritic quartzdiorite, minor tonalite and leucocratic
differentiates.

The main magmatic minerals are represented by pre-
vailing plagioclase phenocrysts, often finely zoned
{Angg-20) and sometimes including relics of a first gene-
ration of calcic plagioclase, and by zoned brown and/
or green amphibole, minor biotite and quartz. Magne-
tite, apatite, zircon, clinopyroxene (mostly as relict in-
clusions in amphibole) are the most common acces-
sories; K-feldspar and orthopyroxene rarely occur.
Rounded to flattened cognate mafic nodules are scat-
tered, displaying the same mineral assemblage of the
host rock, but with a greater amount of mafic phases.

Most of the igneous rocks are weakly to partly al-
tered: saussurite * epidote * white mica replace
plagioclase, and chlorite *+ epidote, carbonate, rutile
and sphene the mafic minerals.

Some. generations of dykes are associated with the
pluton. The oldest are porphyritic and characterized by
plagioclase phenocrysts, brown-green amphibole =*
minor biotite + clinopyroxene * rare garnet (sample P-
55). The dykes sometimes include irregularly shaped to
small rounded fragments of the country rocks and
rarely show a weak thermal overprint. The most recent
dykes are aplitic and micropegmatitic, while hydrother-
mal veinlets cut both intrusive rocks and andesitic
dykes.

The dykes of the Forno valley (Molinelli waterfall,
Ciose stream, Manzina and Pisella valleys) are mostly
greyish, medium- to coarse-grained andesites with
weakly to pervasively altered phenocrysts of plagio-
clase (saussurite, epidote, zeolite, white mica), brown
and green amphibole (chlorite + biotite) + biotite
(chlorite, sphene) (ARGENTON, 1978; ARGENTON et al.,
1980). A dark green, fine grained, basaltic-andesitic
dyke (P-248) occurs at the Molinelli waterfall, parallel
to a thick andesitic dyke (P-2486). It displays small
phenocrysts of altered plagioclase, green amphibole
and minor clinopyroxene.

3.2. High-K Calc-Alkaline/Shoshonitic Group

This group includes some intrusive apophyses lo-
cated in the Mare valley north of Peio, the Griinsee
pluton, related dykes and a 2 km long andesitic dyke
running from the middle Gavia valley to the Aipe valley,
far from the intrusive bodies. Surrounding rocks are
represented by strongly retrogressed staurolite-garnet-
bearing micaschists and/or quartz-phyllites.

In the Mare valley the intrusive rocks occur as three
small bodies:

1) A 0,6 km? stock esposed along the south-eastern
slope of the Pala della Donzella — Tof di Malé ridge,
approximately mapped on the Mt. Cevedale sheet;

2) a small heterogeneous apophysis, crowded by ma-
fic cognate nodules and xenoliths; it is located
along the Cogolo — Malga Mare road 100 m north of
Malga Prabon, and was named the Malga Prabon
body by ANDREATTA (1954);

3) a smaller (40 m wide) recently discovered apophysis
(CERONI, 1982; FERRETTI TORRICELLI, 1982) located
near Silvestré along the Malga Mare — Vallenaia
track, 600 m east of the Tof di Malé body.

The contact with the surrounding paraschists is
sharp or irregularly defined by branching or lit par
lit injections of leucocratic differentiates.

As inferred from a large thermometamorphic zone,
the Mare valley intrusive complex represents the scat-
tered top apophyses and related dykes of a larger
E-W-trending buried pluton. The inner portion of the
contact aureole is marked by K-feldspar-plagioclase-
sillimanite-corundum-green  spinel-andalusite-biotite-
bearing hornfelses. The igneous rocks are mainly rep-
resented by granular to porphyritic quartzdiorites, with
mafic to leucocratic differentiates. The main magmatic
assemblage includes zoned plagioclase (Anyg_zo), am-
phibole (often poikylitic over first-generation plagio-
ciase), biotite, clinopyroxene and quartz. Accessory
minerals, alteration products and mineral characteris-
tics are very similar to those in the Gran Zebru pluton.
The occurrence of interstitial K-feldspar as main or
even subordinate component is a discriminatory fea-
ture of these rocks, which appear to be transitional to-
wards the monzonitic suite.

The Grinsee pluton occurs as a 2.5km long
N-trending body discontinously exposed along the
shoulders of the valley. The magmatic body is emplac-
ed in retrogressed micaschists and quartz-phyllites
and produced a large thermal aureole. According to
MINGUZZI (1940) it is mainly formed of quartzdioritic
types, characterized by prevailing zoned plagioclase,
amphibole, biotite and minor quartz, and by mafic
quartz-diorites. K-feldspar is always present, but in
lesser amounts than in the Mare valley bodies. Com-
mon accessory minerals are: clinopyroxene, opaques,
apatite and zircon. The igneous rocks are very well
preserved, but in places saussurite, epidote, sericite,
calcite, chlorite and sphene occasionally occur as

ALY

0.4 0.8 12 1.6 20

Fig. 4.

AlV vs (Na + K)A diagram showing composition of magmatic amphiboles from
calc-alkaline rocks (1 = Molinelli waterfall dyke, D-248; 2 = Bottiglia pass
quartzdiorite, P-31) and high-K calc-alkaline/shoshonitic rocks (3 = Gavia val-
ley dyke, D-239).
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minor alteration products. Cognate mafic nodules and
xenoliths are common.

Some andesitic dykes occur in the surrounding
paraschists. They display large phenocrysts of zoned
plagioclase, amphibole and biotite, and include K-
feldspar in the ground matrix. Aplite and fine-grained
pegmatite dykes cut the plutonic rocks.

3.3. Mineral Composition

Microprobe analyses were carried out on the main
magmatic minerals from the calc-alkaline basalt-ande-
site dykes (D-248, Molinelli waterfall, Forno valley) and
the Gran Zebru quartzdiorite (P-31, Bottiglia pass), and
from one high-K calc-alkaline andesite dyke (P-239,
middle Gavia valley). Some selected data on am-
phibole, pyroxene, biotite, plagiociase and K-feldspar
are reported in Table 1.

The composition (IMA classification) of zoned
phenocrystic amphibole from the Molinelli dyke ranges
from alumino-tschermakite (brown core) to pargasite
(green rim), while the small dark-green amphibole in

the groundmass is represented by hastingsitic horn-
blende. The zoned phenocrysts from the Gavia valley
dyke show quite similar evolution from pargasitic to
hastingsitic composition. Pargasitic hornblende also
represents the main mineral phase in some granular
mafic concentrations included in the same dyke. The
primary amphibole from the Bottiglia pass quartzdiorite
displays Mg-hastingsite composition, and is partly re-
placed by a green actinolitic variety. Amphibole com-
positions are plotted in the AlV vs (Na + K)A diagram
of Fig. 4. ‘

Two texturally different clinopyroxenes occur in the
Molinelli dyke, as colourless corroded phenocrysts and
small grains growing round zoned amphibole pheno-
crysts. Their composition (diopside—salite) is similar to
that of pyroxenes from the Mt. Mattoni and Mt. Blumo-
ne gabbros, southern Adamello (ULMER et al., 1985).
The orthopyroxene from the quartzdiorite of the Botti-
glia pass is a ferrosilite-term (Fsyo_45) With low (0-5) Wo
content.

The composition of zoned plagioclase phenocrysts
from dykes D-239 and D-248 ranges from bytownite to
oligoclase. The K-feldspar occurring in the ground

Table 1.

Microprobe analyses of phenocrysts from calc-alkaline (CA) and high-K calc-alkaline/shoshonitic (HK) dykes (D) and pluto-

nic rocks (P).

Samples D-248 (CA) P-31 (CA) D-239 (HK)

c P1 r Cpx . Amph Opx Bi Amph c P1 . KF Amph .
Si0,  44.24 64.66 47.84 50.04 42.94 41.34 5280 37.26 48.59 50.21  53.10 62.13 63.67 40.24 42.19
Tio, --  --  0.78 0.8 1.02 1.77 0.04 3.05 1.47  0.82 -- 0.0 0.22 1.55 1.56
ALO, M1 22,23 539 497 952 13.98 - - 14.32  6.87 4.94  29.28 23.97 18.19 12.70 12.15
0y == me e ee oo oo 0.21 --  —-  -- e ee oo oo oo
Fe0 0.75 0.23 8.76  7.68 20.90 11.78  25.00 20.90 14.54 16.07 0.45 0.15  0.28 19.34 14.88
M0 -- <= 0.20 0.06 0.8 0.12 1.28 0.52 0.49 0.77 —- = . 0.4 0.47
Mg0 - - 12.49 14.03 9.68 14.15  19.99 12.42 14.11 13.51 - -- o BS2 1217
Ca0 18.77  2.43  23.91 22.05 11.62 12.40 0.88 - - 11.47 11.25  12.06 4.89 - - 11.11 11.84
Na 0 139 1046 --  --  0.45 1.23 N R L 4.7 8.65 0.36 1.35 1.47
K,0 0.02 0.0 --  —- 0.9 1.20 - 850 0.5 0.27 - 0.4 1633 1.96  1.19
Tot.  99.88 99.94 99.37 99.51 97.97 97.97  100.30 96.97 97.99 97.95  99.60 99.97 99.85 97.17 97.92
si 8.218 11.391 1.797 1.863 6.439 5.992  1.998 5.602 7.028 7.316  9.653 11.008 11.819 6.191 6.244
at 7601 4.617  0.203 0.137  1.561  2.008 ~ - 2.398 0.972 0.684  6.275 5.007 4.156 1.809 1.756
mV! - --  0.035 0.082 0.122 0.381 - - 0.142 0.199 0.165 - = - - 0.495 0.364
Ti = << 0.022 0.019 0.115 0.193  0.001 0.346 0.160 0.090 — - 0.005 0.046 0.179 0.174
Feo*  0.116  0.034 0.124 0.017 0.895 0.672 - - -- 0.369 0.254  0.068 0.023 0.047 0.168 0.381
cr —- oo oo oo oo oo 0.006 -- -  -- e oo oo oo o
Fel* - - 0.151 0.222 1.726 0.756  0.790 2.629 1.390 1.704 e oo oo 2321 .46
Mn - - - 0.006 0.002 0.117 0.015  0.041 0.067 0.060 0.095 - —- - - 0.052 0.059
Mg - o= 0.699 0.779 2.163 3.057  1.125 2.784 3.042 2.934 - - - 1.953  2.684
Ca 3.736  0.459 0.962 0.880 1.867 1.926  0.036 - - 1.779 1.756  2.349 0.928 - -  1.831 1.877
Na 0.501 3.471 - - -~  0.131 0.346 - —- - 0.03  1.660 2.972 0.130 0.403 0.437
K 0.005 0.022 - -  --  0.184 0.222 -~ 1.632 0.083 0.051 - - 0.032 3.868 0.385 0.226
Tot.  20.177 20.011 4.000 4.000 15.354 15.568  3.997 15.600 15.302 15.324  20.005 20.003 20.050 15.787 15.663

c: core; r: rim

P1: plagioclase; Cpx: clinopyroxene; Amph: amphibole; Opx: orthopyroxene; Bi: biotite; KF: K-feldspari{.The formulas for pyroxene

and amphibole have been calculated according to PAPIKE et al.(1974); amphibole: 0 = 23; pyroxene:0=5 and £ cations = 4:

feldspar:

0 = 32; biotite: 0 = 22. Sample location: D-248: Molinelli waterfall, Forno valley; P-31: Bottiglia Pass, Gran Zebri; P-239: Ga-

via valley.
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Table 2.
Rb-Sr analytical data on biotites.
(Analysts: U. GianoTTI and G. PARDINI).

Sample Locality Rb ppm Sr ppm 87Rb/868r (87Sr/863r)_+_1o AGE+10 (Ma)
. Grlnsee
P 422 (Bi) (y)ten valley) 472 13.6  101.0 0.7528+ 9 31.4+0.8
; Grlnsee
P 454 (Bi) (Ulten valley) 546 20.4 77.6 0.7415+ 13 30.841.3
P 602 (Bi) (ggﬁod%aTiéi) 652 13.1 144.5 0.7709+ 22 30.8+1.2
. Prabon,
C 589 (Bi) (peto valley) 629 2.5  738.4 1.0501+ 8
30.840.5
(WR) 268 204.0 1.3 0.7286+ 2
P 32 (Bi) Pale Rosse 350 4.7 215.1 0.8066+ 10 32.4+0.6
(Gran Zebri)
P 40 (Bi) Bottiglia Pass 312 747 117.3 0.7613+ 6 32.140.6

(Gran Zubrd)

Bi = biotite ; WR = whole rock: P

matrix of D-239 displays a low content of albite end-
member.

4. Rb-Sr Radiometric Ages

Six determinations on the biotite-whole rock pair
were carried out by the Rb-Sr method (A87Rb = 1.42 x
10-"/year). The analysed samples, from the Gran Ze-
bru, Mare valley and Grunsee plutons, are quartzdio-
ritic types, with the exception of sample C-589, which
is a biotite-clinopyroxene-amphibole-bearing hornfels
produced by the Prabon apophyse (Mare valley) on the

= plutonic rocks; C = hornfels,

including paraschists. The obtained ages (Table 2) are
in the range 32.4-30.8 Ma. A closely comparable age
was found for the northern plutons of the Adamello
composite batholith (DEL MORO et al., 1985), as men-
tioned above and sketched in Fig. 5.

5. Geochemistry
and Sr Isotope Ratios

The analytical results obtained on 38 samples are re-
ported in Tables 3 and 4. Analysed samples include 18

T T
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Fig. 6.

K;0 vs SiO, diagram for investigated rocks,
divided into two main groups: calc-alkaline
(CA; @ = dykes, @ = intrusive bodies) and
high-K calc-alkaline/shoshonitic (HK; O =
dykes, & = intrusive bodies).

Mafic cognate nuclei and aplite-pegmatite
dykes are not reported. Although characteriz-
“ed by high K,0 content, on the basis of trace
elements sample D-248 (Molinelli waterfall)
has been attributed to calc-alkaline group.

1 = Tholeiitic, 2 = calc-alkaline, 3 = high-K
calc-alkaline and 4 = shoshonitic series.

1.00 o w _—_—‘_—___—_____—__________,——
@ IR
@ ! 1 ] 1 { S' 02
50.0 52.0 54.0 56.0 58.0 60.0 62.0

541



MERAND)
/
/
/
\\ei
\e Mendola Pass
)1
GERTRAUD
RUMO
’ |
I
| CLES
MALE
<
=,
+ o 323 S .
*33 .. R | ]
o..3Z + ........ .... ] 1
T -
S Adamello
EDOLD 1 A
Bgde3-35m., Tt |
o 2
37-397% \ 367357 g <
37-40 [\ 35 P 3
3-8 vg e, ;/
©9)37-38 +
C:;jk B ° 4
.3 TIONE 5 "
- | 5
a b
/ Okm 5 10 + F
: \ 1 ) 4 6
140-620- 4

Fig. 5.

Distribution of radiometric ages (Ma) of plutons studied in this paper and of Adamello composite batholith (DEL MORO et al., 1985).

1 = sedimentary cover and 2 = basement rocks of the Ortler nappe; 3 = Tonale unit; 4 = Southern Alps; 5 = post-collisional magmatic bodies: a = Gran Zebrl,
Mare valley and Grilnsee plutons, b = Rumo and Samoclevo tamellae; 6 = Adamello batholith: a = granodiorite-tonalite plutons, b = gabbro bodies.
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plutonic rocks, 15 andesitic dykes, 3 aplite-pegmatite
dykes and 2 cognate mafic nodules. Locations and
mineral assemblages are summarized in the appendix
(see also Fig. 2).

The plutonic rocks and dykes range in chemical
composition from basalt-andesite to andesite (Fig. 6),
but MgO is always low also in the less siliceous rocks.
Only V, Sc, TiO, and SiO, correlate with magnesium.
The correlation with Sc and V increases if only the
dykes are considered. Zr, Nb, Th, Rb and K,O (Fig. 7)
show some correlation : in the Zr-Nb diagram only two
samples (P-21 and P-454) fall far from the main trend.
Rb and K,O (Fig. 7) also correlate at low K,O contents
(less than 3 %), while at high K,O values the data are
scattered. The scatter may be partially due to the
plutonic nature of the rock, which cannot always be re-
garded as representative of melts. The Rb and Sr con-
centrations cover a wide range (Rb: 35-247 ppm; Sr:
221-1167 ppm) while, excluding the aplite dykes, the
range of the Rb/Sr ratio is rather narrow (0.10-0.32).

In the K,O vs SiO, diagramm (Fig. 6) and according
to the P,05, Rb, Sr, Th, Zr, Sc and Mg contents, the
analysed rocks are divided into two main groups (see,
for instance, Fig. 8): calc-alkaline (CA) and high-K calc-
alkaline/shoshonitic (HK), the latter being characterized
by higher P,0Os, K;O, Rb, Sr, Th, Zr, Nb and TiO, and
lower Sc. Both CA and HK families show a positive
correlation between Rb and Rb/Sr ratios (Fig. 8) which
is more evident in the calc-alkaline rocks.

The initial (31 Ma) 8Sr/86Sr ratio ranges from 0.7061
to 0.7105 (Tables 3 and 4). The calc-alkaline group dis-
plays a larger range (0.7061-0.7105) than the high-K
calc-alkaline/shoshonitic group (0.7070-0.7100). Some
samples with high 87Sr/8Sr ratio (e.g., dyke D-28 and
plutonic rock P-21) contain quartz-phyllitic microxeno-
liths which constitute evidence of accidental crustal
contamination during the last emplacement stages. In-
stead, variations in the initial strontium isotope ratio for
the Gran Zebrl plutonic samples (P-210 and P-40 vs
P-38) may be due either to different magmatic inputs
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or to a variable degree of interaction between igneous
rocks and deuteric fluids contaminated by crustal com-
ponents.

The initial Sr isotope ratio is quite constant in other
plutonic bodies (Griinsee, samples P-454, P-422:
isotope ratio 0.7076x1; Cedec-Graglia ridge of Gran
Zebry intrusive complex, D-238, P-194, P-195:
0.7065*4) and in the large dyke of the Gavia valley (D-
239, D-244: 0.7070).

6. Petrogenesis and Isotope Constraints

The investigated rocks show mineralogical, chemical
and Sr isotopic features similar to those of the most
frequent post-collisional magmatic products occurring
along the Periadriatic beit. Moreover, in spite of their
post-collisional origin, they are similar to the products
generated at destructive continental margins by sub-
duction of oceanic lithosphere.

As mentioned above, the studied rocks may be di-
vided into two groups occurring in separate and adja-
cent areas (Fig.2), where they were emplaced at
32-31 Ma (Fig. 5).

The positive correlations between Ni, V, Sc and MgO
is compatible with the significant role played by frac-
tional crystallization of ferro-magnesian minerals. How-
ever, the distribution of several elements in the CA and
HK groups defines two different trends which cannot
have been generated by fractional crystallization of a
single magma but which require at least two parent
magmas interacting with a crustal component. This
large-scale heterogeneity of the magmas is also sup-
ported by the rough correlation between initial Sr ratio
and some incompatible elements, e.g., (87Sr/8Sr); vs
Zr an Th (Fig. 9). The scatter within each rough trend in
Fig. 9 may be due to:

1) further original small-scale heterogeneities;
2) interaction with fluids enriched in crustal compo-
nents;
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3) addition of small
country rocks.

If we assume that the melts are related to mantle de-
rived parental magmas (DAL Piaz et al.,, 1979; VEN-
TURELLI et al., 1984; CALLEGAR!, 1985; DEL MORO et al.,
1985; Kagaml et al.,, 1985; ULMER et al.,, 1985;
SCHREYER et al.,, 1987), the hypothesized source
heterogeneities might resuit from interaction between
mantle material and fluid melts released from the slab
dragged down during Eo-Alpine subduction (DAL PiAz
et al.,, 1979; VENTURELLI et al., 1984; SCHREYER et al.,
1987, and references therein), long before the magma-
tic sources became active.

amounts of highly radiogenic

7. Conclusions

1) The Tertiary magmatic activity with "orogenic”
chemical features which characterized the whole
east-west internal sector of the Alpine chain along
the Periadriatic belt was related to multistage pro-
cesses diachronously acting before and after conti-
nental collision:

a) appropriate mantle sources were produced dur-
ing the active subduction of oceanic lithosphere;

b) partial melting of the source developed only
when thermal restoration occurred;

c) melt uprise and emplacement in crustal magma-
tic chambers took place when extensional tec-
tonics operated (first in southern Adamello and
then along the Periadriatic belt).

2) As for most sectors of the Periadriatic belt, magma-
tic activity in the investigated area developed
32-31 Ma ago.

3) Two different types of magmas (calc-alkaline and
high-K calc-alkaline/shoshonitic) have been re-
cognized; they were emplaced in adjacent and
separated areas.
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4) The scatter of the Sr isotope data within the two 5) The chronology and distribution of the Oligocene

magmatic series, besides to crustal microinclusions
and assimilation, may be due to small-scale hetero-
geneities of the sources and to later interaction with
deuteric fluids enriched in crustal components.

magmatic products in the Ortler-Cevedale massif,
as well as in the whole Periadriatic belt, do not fit
the space and time vs composition relationship
which characterizes most modern consuming plate
margins.
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Appendix

Mineralogical composition and location of the analysed samples.

SAMPLE

COMPOSTTION

LOCATION

CALC-ALKALINE GROUP

D-248
D-112

D-246
D-158

D-109

D-189

D-55

D-196
D-28

D-238

P-194
P-195

P-32

P-21

P-31

P-40

PL, HBL, CPX, qtz, op, ap, (chl), (ep), (cc)

PL, HBL, qtz, bi, ap, op, zr, (chl), (ti),
(ru), (cc), (wm), (ep)

PL, HBL, qtz, op, ap, (chl), (cc), (wm), {(ep)
PL, HBL, op, (chl), (cc)

PL, HBL, (Bl),qtz, ap, op, (chl), (ep), (ti),
(cc), (wm)

HBL, PL, (BD),{QTZ); ap,op, zr, (chl), (ep),
(ti), (ru)

PL, HBL, (GT },qtz, op, ap, (chl), (ti), (cc),
(ep), (wm), (*)

HBL, PL, op, (ep), (cc), (chl), (ti), (**)
PL, HBL, B1, cpx, qtz, op, (chl), (ep), (*¥)

PL, HBL, (QT2), (B1);.op, (**)

PL, HBL, (QT2), (B1)op, ap, (chl), (wm)

PL, HBL, (QT2),bi, opx, op, (chl), (ti),
(ep), (cc)

PL, HBL, BI, (QT2),o0px, cpx, ap, zr, (chl),
(ep), (cc), (wm)

PL, HBL, (QT2),kf, bi, op, (cc), (chl), (ti),
(*), (**)

PL, HBL, (QT2), (B1), cpx, ap, op, zr,

(ep), (ehl), (ti), (wm)

PL, HBL, (QT2), (B1), op, ap, (chl), (ep),
(ti), (wm)

PL, HBL, (B1), (QTZ), op, (chl), (ti), (ep),
(cc), (wm)

PL, HBL, QTZ, BI, op, ap, zr, (chl), (ti),
(ep), (cc)

PL, QTZ, BI, hbl, kf, ap, zr, op, (chl),
(ti), (wm), (ep), (cc)

HIGH-K CALC-ALKALINE/SHOSHONITIC GROUP

D-239
D-244
D-605
P-582

P-602

P-597A
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PL, HBL, (CPX), qtz, ap, op, (chl), (ep),(cc)
PL, HBL, (B1), qtz, op, (chl), (cc)

HBL, PL, (BL), op, ap, zr

PL, HBL, Bl, (QTZ), (KF), cpx, op, ap, (chl)

PL, HBL, (CPX), (B1), (KF), (QT2), op, ap,
(chl), (ti)

PL, CPX, (HBL), (KF), (B1), (QT2), op, ap, zr

Molinelli waterfall, Forno valley, 1952 m.

High Pisella valley (northern side of the Forno
valley), 3030 m, below Cime dei Forni.

Molinelli waterfall, Forno valley, 1962 m.

Rio Ciose, southern side of the Forno valley,
2300 m.

High Pisella valley, over the Pisella lake,
2875 m.

Spur SSW of the Cedec Pass, Gran Zebrl, 3030 m.

Spur between the eastern and western Cedec gla-
ciers, 3248 m.

Spur SSW of the Cedec Pass, 3030 m.

Eastern wall of the peak 3293 m, south of Pale
Rosse, 2950 m.

Base of Punta Graglia, eastern Cedec glacier,
3050 m.

Spur SSW of the Cedec Pass, 3040 m.
ldem

Eastern wall of the Pale Rosse-Peak 3293 ridge,
2976 m.

Front of the western Cedec glacier, 2950 m.
Eastern wall of the Pale Rosse-Peak 3293 ridge.
Bottiglia Pass, SSW side, Gran Zebru.

Bottiglia Pass, 3293 m.

Front of the western Cedec glacier, 2950 m.

Bottiglia Pass, SSW side.

Middle Gavia valley/Alpe valley.
ldem
Pala della Donzella, eastern side, 2570 m.

North of Malga Prabon, road to Malga Mare,
1825-1850 m.

Tof di Malé, eastern wall, 2530 m.

Pala della Donzella, eastern wall, 2530 m.



P-581 PL, HBL, (B1), (qrz), (KF), (CPX), op, ap, zr,
(chl), (ti)

P-593 HBL, PL, (B1), (QTZ), (KF), op, ap, zr,
(chl), (ti), (ep), (wm)

M-592 HBL, PL, (B1), (CPX), qtz, kf, op, ap,
(chl), (ti)

A-595 KF, PL, QTZ, (B1), op, ap, (ru)

D-443 PL, HBL, bi, op, kf, zr, (wm), (chl), (ti)

D-417 HBL, B1, (PL), qtz, kf, op, ap, (chl)

P-440 PL, HBL, BI, (KF), (QT2), ap, zr, (ep),
(chl), (ti), (wm)

P-454 PL, HBL, B1, (QTZ), op, ap, (chl), (ep)

P-438 PL, HBL, BI1, (0TZ), kf, ap, (chl), (ep), (cc)

P-422 PL, B1, HBL, QTZ, kf, cpx, op, ap, (ep),
(wm), (chl), (ti)

M-453 PL, B1, HBL, qtz, op, ap, zr, (chl), (ti),
(ep), (wm)

A-446 KF, QTz, (PL), (B1), ap, zr, (wm), (chl),
(ru), (ti)

A-439 KF, QTZ, PL, bi, (chl), (ru), (wm)

North of Malga Prabon, 1825-1850 m.

Tof di Malé, eastern wall, 2570 m.

North of Malga Prabon, 1825-1850 m.

Tof di Malé, eastern wall, 2510 m.

Spur 3065-2832 m, 1 km NW of Griinsee, 2770 m.
ldem

1dem, NE side, 2750 m.

500 m NW of Griinsee, 2650 m.
Spur 3065-2832 m, 1 km NW of Griinsee, 2770 m.

Idem

500 m NW of Griinsee, 2650 m.

Spur 3065-2832 m, 1 km NW of Griinsee, 2570 m.

ldem, 2770 m.

Capital letter: main and (in bracket) subordinate magmatic phases. Small letter: minor to accessory minerals.
Small letter in bracket: secondary phases. (*) = partially altered rock; (**) = sample containing very small
xenoliths of basement rocks. Ap: apatite, bi: biotite; cc: carbonate; chl: _chlorite; cpx: clinopyroxene; ep:
epidote; gt: garnet; hbl: hornblende; kf: K-feldspar; op: opaque; opx: orthopyroxene; pl: plagioclase; qtz:
quartz; ru: rutile; ti: titanite; wm: white mica; zr: zircon.
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