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Abstract The Canavese Line in the Western Alps rep-
resents the position in the Alpine chain, where alkaline and
calc-alkaline magmatism occur in close spatial and tem-
poral association. In addition to available data on the
alkaline Valle del Cervo Pluton, we present petrological
and geochemical data on the Miagliano tonalite. The latter
is of special interest, because it is located in the south-
eastern side of the Canavese Line, in contrast to most
Periadriatic Plutons. The dioritic to tonalitic rocks of the
Miagliano Pluton represent an intermediate stage of a calc-
alkaline differentiation, demonstrated by relics of two
different pyroxenes as well as the texture of allanite.
Hornblende barometry indicates pressures of ~0.46 GPa
consistent with the presence of magmatic epidote. Field
relationships between the two Plutons, the volcanic and
volcaniclastic rocks of the Biella Volcanic Suite and
numerous dykes cross-cutting the different units, allow
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reconstruction of a more refined chronology of the calc-
alkaline and alkaline magmatic series. High precision zir-
con geochronology yields an age of 33.00 + 0.04 Ma for
the central tonalitic part of the Miagliano Pluton and
30.39 £+ 0.50 Ma for the granitic core of the Valle del
Cervo Pluton. The difference in age combined with cooling
data and intrusion depth indicates dissimilar tectonic
transport east and west of the Canavese Line. The earlier
emplaced Miagliano Pluton has to be exhumed from an
intrusion depth of ~ 12-15 km, whereas the neighbouring
and younger Valle del Cervo Pluton is exhumed from a
depth of 5—7 km. This tectonic scenario is related to upper
crustal rigid block rotation responsible for the burial of the
lowermost Rupelian paleosurface of the Sesia—Lanzo Zone.
Thus, the new ages constrain the paroxysm of the orogenic
magmatism in the internal Western Alps to an extremely
short lapse of time in the first half of the Rupelian.

Keywords Miagliano Pluton - Isotope dating -
Alkaline and calc-alkaline magmatism - Western Alps

1 Introduction and geological setting

The Western Alps are characterized by oceanic and con-
tinental units, which are stacked by north-westward
orogenic transport as a consequence of a south-eastward
directed subduction. The subduction and related imbrica-
tions occur from the late Cretaceous in the Sesia Zone to
the Oligocene in the Valais units (summary in Berger and
Bousquet 2008). During the subduction of the Piemont—
Liguria oceanic units, the Sesia-Lanzo Zone was the
hanging plate of this process. Magmatism in the Western
Alps is concentrated in the vicinity of the Canavese Line, a
major tectonic Lineament in the Alps (Fig. 1). The Tertiary
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Fig. 1 Geological map of the studied area compiled after Malaroda et al. (1966); Bigi et al. (1990) and Babist et al. (2006)

orogenic magmatism in the Alps has been summarized and
discussed from different points of view (e.g., von Blank-
enburg et al. 1998; Bonin 2004; Rosenberg 2004; Lustrino
et al. 2010). Thus, here we briefly summarize the main
characteristics of the magmatic rocks of interest for the
present work occurring in the internal Western Alps. Fur-
ther details about the source of the magmas, their
fractionation and emplacement, are found in the above-
mentioned reviews.

The western Alpine magmatic province includes alka-
line, ultrapotassic and calc-alkaline rocks intruding an
active orogen (Dal Piaz et al. 1979; Bigioggero et al. 1981,
1994; Beccaluva et al. 1983; Venturelli et al. 1984; Pec-
cerillo and Martinotti 2006; Owen 2008; Prelevic¢ et al.
2008; Conticelli et al. 2009; Tommasini et al. 2011). In
addition to widespread dykes of different magmatic affinity
intruding the internal units (i.e., Piemont—Liguria, Sesia—
Lanzo and Ivrea—Verbano), three Plutons are exposed: the
Traversella-, Miagliano- and Valle del Cervo-Pluton
(Fig. 1). The Traversella and Valle del Cervo Plutons
intrude high pressure (HP) rocks of the Mombarone nappe

in the Sesia-Lanzo Zone west of the Canavese Line,
whereas the Miagliano tonalite is situated in the Ivrea—
Verbano Zone east of the Canavese Line (Fig. 1). The
Traversella and Miagliano Plutons are typical calc-alkaline
suites (Van Marcke de Lumen and Vander Auwera 1990;
Carraro and Ferrara 1968) whereas the Valle del Cervo
Pluton ranges in composition from monzonite to granite
with a clear alkaline affinity (Bigioggero et al. 1994). The
dykes show a large spread in composition (Fig. 2) from
calc-alkaline, shoshonitic to ultrapotassic (lamprophyre
and lamproite; Dal Piaz et al. 1979; Venturelli et al. 1984,
Bellini et al. 1993; Peccerillo and Martinotti 2006; Owen
2008; Prelevic et al. 2008; Conticelli et al. 2009). Subaerial
volcanic rocks (Callegari et al. 2004; Kapferer et al. 2012b)
cover a thin band of ca. 20 km on top of the Mombarone
nappe (Sesia—Lanzo Zone) along the Canavese Line. These
volcanics, summarized as the Biella Volcanic Suite (BVS
on Fig. 1), also show compositional variations from calc-
alkaline to shoshonitic (Figs. 1, 2; De Capitani et al. 1979;
Venturelli et al. 1984; Callegari et al. 2004). Callegari et al.
(2004) mapped the spatial distribution of the different types
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Fig. 2 Evolution of Zr in the different magmatic systems. a Zr versus
MgO diagram. Data source in addition to own data: Venturelli et al.
(1984); Bigioggero et al. (1994); Callegari et al. (2004); Owen (2008);
Conticelli et al. (2009). b Zr versus M-value [M = (K 4+ Na +
2 x Ca)/Al x Si]. In addition the Zr solubility calculated with the
equation of Watson and Harrison (1983) is shown. Bold arrow in the
lower part indicate general, calc-alkaline evolutions

of volcanic rocks. Thus, the preserved magmatic activity in
the Western Alps comprises plutonic, subvolcanic and sub-
aerial volcanic rocks. In addition, the magmatic rocks also
differ in chemical and petrological evolution. We have
combined field, petrographic and petrological observations
with isotope dating (U/Pb of zircon) to constrain time and
depth of emplacement of the Miagliano Pluton, its cooling
and exhumation history and its relation to the magmatic
and tectonic evolution of the entire area. Combining field
relationships and geochemical affinity of the dykes with the
known temporal evolution of the Biella Volcanic Suite,

Valle del Cervo Pluton and Miagliano Pluton, we will
present a relative chronology for the dyke emplacement.

2 Sample preparation and analytical methods

Fragmentation of the rock samples into separate mineral
grains was carried out at the University of Bern, Switzer-
land, by electro-dynamic disaggregation, employing a high
voltage pulse generator (e.g., Giese et al. 2010). The
fragmented material was subsequently sorted through size-
proportion sieving, Franz electromagnetic separators,
Wilfley shaking table concentrator and density separation
using heavy liquid protocols. Separates were then mounted
in epoxy or on small glass plates and polished prior to
analysis.

High precision TIMS ages were obtained from single
zircon grains at the Department of Mineralogy of the
University of Geneva, using the equipment and following
the analytical protocol for U-Pb age determinations
described in detail in accompanied contribution (Kapferer
et al. 2012a). Uncertainty ellipses of individual analyses
are 20. Before TIMS analysing the zircons where charac-
terized by cathodoluminiscence methods using a Zeiss Evo
50 SEM equipped with a Gatan Mono CL 3 device at the
Institute of Geological Sciences of the University of Bern.

Bulk rock analyses were carried out by standard X-ray
fluorescence (XRF) techniques on glass pellets at the
Department of Geosciences of the University of Fribourg.
Electron microprobe analyses was carried out on mineral
separates and thin sections by a JEOL JXAS8200 at the
Institute of Geological Sciences of the University of Bern,
using silicate and oxide standards, a beam current of 10 or
20 nA and acceleration voltages of 15 kV for rock forming
silicate minerals and 25 kV for the allanite. To avoid
electron beam damage from a fully focused beam, beam
diameters of 5 or 10 um was applied to most phases (for
details of the allanite measurements see Janots et al. 2008).

3 Results

3.1 Field relations, petrography and mineral chemistry
of the Miagliano Pluton

The Miagliano Pluton (Fig. 1) was first described by Bor-
tolami et al. (1965) and was assigned to the tertiary
magmatism by Carraro and Ferrara (1968). The Pluton is
poorly outcropping, and the best outcrops can been visited
along the river Cervo near the village of Miagliano. The
present day total surface area of the Pluton hardly exceeds
4 km? (Carraro and Ferrara 1968), and includes a more or
less concentric structure with a fine-grained monzodiorite
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Table 1 Representative whole-rock XRF analysis of the Miagliano
Pluton

Sample Bi0431 Bi0432 Bi0637
(Wt%)
SiO, 50.18 51.51 53.12
TiO, 1.54 1.05 0.95
Al O3 15.55 20.72 20.55
Fe,03 10.42 8.70 8.10
MnO 0.16 0.15 0.16
MgO 8.57 4.06 345
CaO 9.22 8.47 7.71
Na,O 2.47 2.98 3.87
K,O 1.77 1.83 1.09
P,05 0.16 0.31 0.28
L.O.L 0.96 1.22 1.04
Sum 101.22 101.23 100.53
(ppm)
Rb 46 58 26
Sr 399 729 701
Ba 935 802 653
Cr <5 <5 9
Ni 10 <5 <5
Y 43 22 27
Zr 109 122 150
Nb 12 12 12

core rimmed by dioritic material of variable grain size. A
hornblendite layer with pegmatoid biotite runs ENE-WSW
in the northern part. The Pluton intrudes the Permian
gabbroic rocks of the Mafic Complex (Ivrea—Verbano
Zone). A pervasive network of more acidic veins and dykes
marking the contact to the gabbro and the lack of meta-
morphic overprint should allow a clear distinction between
the dioritic rocks of the Miagliano Pluton and the hydro-
thermally overprinted gabbros of the Ivrea—Verbano Zone
(Carraro and Ferrara 1968).

Our analytical work focus on the central tonalitic portion
of the intrusion (Table 1; the monzodiorite core of Carraro
and Ferrara 1968). This part consists of quartz-dioritic to
tonalitic rocks composed of white to greenish coloured
plagioclase (~40-50 %), biotite (~15 %), amphibole
(~15 %) and quartz (~15-20 %) with subordinate alka-
lifeldspar (~2 %), Fe-Ti oxides (ilmenite and magnetite
1-3 %), epidote + allanite (<1 %), fluorapatite (<1 %),
and pyroxene (<1 %). In addition, zircon, pyrite, rutile,
rare titanite and thorite occur as accessory constituents.
The rock-forming minerals show in most localities a
homogeneous grain size and magmatic texture, where only
biotite and hornblende occasionally build slightly enlarged
grains up to ~4 mm without any solid state overprint.
Chlorite and sericite occurs as alteration product after

biotite and amphibole. Hydrothermal alteration linked to
very thin, cross-cutting quartz-filled veins is often attended
by an increase in the content of Fe—Ti oxides and formation
of coarse pyrite as well as a local production of calcite in
the vicinity of the veins.

Biotite forms brownish to black lath-shaped or flat-tab-
ular to sub-idiomorphic grains of <3—4 mm in size. The
edges of the grains are regularly frayed and in part altered
to chlorite (£sericite). Compositionally, two populations
of biotite occur, characterized by different Mg, Fe’* and
Fe*' exchange (Table 2). Biotite type 1 contains lower
MgO (~11-12 wt%) in comparison to biotite type 2
(MgO ~ 19-20 wt%). Both types of biotite contain ~ 3.5
wt% TiO, similar to the low-Ti biotite in quartz diorite and
gabbro norite related to the Valle del Cervo Pluton (Rosetti
et al. 2007).

Amphibole (hornblende) forms <2 mm tabular to xe-
nomorphic grains with green to pale brownish—yellow
pleochroism. A number of hornblende grains contain a core
with irregular domains of pyroxene (described below). Few
larger grains of 4-5 mm in size exhibit a poikiloblastic
texture with inclusions of Fe-Ti oxides, biotite, plagio-
clase, quartz, apatite and zircon. The amphiboles contain
~6.64 Si pfu, ~1 wt% TiO, and ~0.6 wt% MnO
(Table 2). Minor variations in composition are independent
from the minerals in direct contact to the amphiboles. The
Al'" ranges from 1.3 to 1.9 pfu with octahedral site
AIY' ~ 0.2 pfu. The main compositional variations for the
calcic amphiboles can be described by (1) the edenite
exchange involving the substitution of Al for Si in the
tetrahedral site coupled with Na and K substitution for
vacancies in the A site and (2) Fe’t < Mg**, (3)
Fe’t < AlVland (4) Tschermak’s (including Ti-Tscher-
mak’s) substitution on octahedral sites (Fig. 3). In addition,
minor octahedral Mg < Mn exchange occurs.

Pyroxene occurs as <300 um large relict cores or
irregular domains with distinct pyroxene cleavage and pale
brownish colours in the hornblende grains. Boundaries to
the hornblende are diffuse and irregular, and microprobe
analyses show disturbed elemental distribution in the
grains towards the boundary zones. Two distinct pyroxene
compositions were identified: (1) Ca-rich clinopyroxene
(augite, average composition: Eny3Fs;3Rho; Wo,4Jad Escs)
with Xy, ranging from 0.63 to 0.68, and (2) Ca-poor
pyroxene (inverted pigeonite, average composition:
EnyoFs40Rho,WosJad;Escs) with Xy, from 0.53 to 0.56
(Table 2). This suggests a two-pyroxene crystallisation
sequence for the Miagliano tonalite. In addition, both
pyroxenes contain little Al,O53 (1-4 wt%) and Na,O (~0.2
wt%). Biotite and amphibole have rather similar Xy, of
0.43-0.53, whereas the clinopyroxenes are noticeably
richer in magnesium (augite: Xy, ~ 0.63-0.68 and
pigeonite: Xy ~ 0.53-0.56). This indicates that pyroxenes
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Table 2 Average composition of the rock forming minerals
Mineral phase Biotite* Amphibole” Pyroxene®
Phase type Low Mg (1) High Mg (2) Ca-Mg hornblende Augite Pigeonite
Number of analyses 152 55 52 13 26
Oxides (wt%) Average Average Average sp¢ Average Average
Si0, 36.46 36.54 44.49 0.69 53.97 53.55
TiO, 3.49 3.51 1.21 0.34 0.12 0.16
AL O3 14.78 15.02 9.56 9.56 1.73 1.73
Fe,03 4.84 4.45 6.07 1.04
FeO 17.41 16.00 12.74 1.04 14.72 24.52
MnO 0.36 0.14 0.46 0.13 0.69 1.07
MgO 9.97 11.68 9.94 0.66 15.11 16.55
CaO 0.12 0.15 11.51 0.46 12.55 1.60
Na,O bdl bdl 0.83 0.24 0.22 0.16
K,0 9.94 9.34 0.90 0.18 0.09 0.04
H,O 4.02 3.71 2.00
Total 101.72 101.19 99.63 99.21 99.38
Cations (apfu)
Si 2.619 2.605 6.640 2.046 2.062
Ti 0.188 0.188 0.136 0.003 0.005
ALl 1.251 1.262 1.682 0.078 0.078
AlY 1.251 1.262 1.360 0.005 0.001
AlM 0.322 0.073 0.077
Fe'* 0.261 0.238 0.681
Fe*" 1.046 0.954 1.590 0.467 0.790
Mn 0.022 0.009 0.058 0.022 0.035
Mg 1.068 1.242 2.210 0.854 0.950
Ca 0.009 0.012 1.840 0.510 0.066
Na 0.012 0.024 0.239 0.016 0.012
K 0.911 0.849 0.172 0.004 0.002
H 0.825 0.666 2.000
Total cations 7.391 7.387 15.247 4.000 4.000

The amphiboles are given with their standard deviation

* Biotite norm based on 11 oxygens and 2 (OH, F, Cl) using Fe*™/Fe,, = 0.2

b

¢ Pyroxenes normalized to 4 cations and 12 charges

9 One standard deviation in wt%

have crystallised from a more mafic melt, and then, partially
reacted to form amphibole during magma differentiation, as
is often shown in tonalites.

Epidote contains high MgO content (~2.4 wt%; Fig. 4)
and an average Fe,O; content of ~8 wt% (Table 3).
Compositions are comparable with other magmatic epi-
dotes, except for MgO. In this context, the position of the
Mg cations in the epidote structure is not clear. The low
sum of the measured oxides indicates traces of trivalent
cations (i.e. REE3+). However, Mg shows a weak corre-
lation with Ca but no other elements, and in any case the
A-site is filled with Ca (Fig. 4c).

Amphibole norm based on 46 charges and Fe**/Fe'™ = 0.3. Normalization with 23 oxygens and Fe*"/Fe*" estimation assuming 313 cations

Allanite forms xenomorphic grains of <300 um in size.
It occurs with two different textures: (1) small irregular
grains and (2) larger concentrically zoned grains (Fig. 4).
The latter are clearly resorbed, indicating instability and
disequilibrium with the bulk tonalite chemistry. Thus,
similar to the pyroxenes, these allanites may be xenocrysts
formed in a precursor magma. Th content ranges from 0.03
to 1.69 wt% ThO, (average ~0.48 wt%). The total REE
content of the allanite is in the range of 12.5-17.6 wt%
REE oxides (Table 3). The allanite have a small dissakisite
component as reported from other calc-alkaline intrusions
(e.g., Gregory et al. 2009).
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3.2 Pressure and temperature conditions
for the emplacement of the Miagliano Pluton

The tonalite of the Miagliano Pluton includes the critical
mineral assemblage necessary to employ the Al-in-horn-
blende barometer, i.e., quartz + plagioclase + K-feldspar +
biotite 4+ hornblende + magnetite  (Fe-Ti  oxides) +
sphene (Hammarstrom and Zen 1986; Schmidt 1992).
Thus, calculation of the crystallization pressure of the
intrusion is based on this geobarometer. Calculations car-
ried out on the average hornblende composition and
hornblende rim compositions using the experimental cali-
bration of Schmidt (1992) give pressures of 0.46 + 0.06
GPa. The Anderson and Smith (1995) revised version of
the Schmidt (1992) calibration give similar pressures
~0.46 GPa. This barometer considers the effect of tem-
perature, for which we used the T calculated from Holland
and Blundy (1994). Resulting temperatures have an
uncertainty of =+ 40 °C and yield values around 780 °C at
the calculated pressure. The crystallisation temperature for
the major mineralogy of the intrusion demonstrates little
variation (~20 °C). The intrusion depth around 12 km for
the Miagliano Pluton is thus clearly deeper than the
5-7 km depth inferred for the Valle del Cervo Pluton
(Zanoni et al. 2008, 2010).

3.3 Field relation of the Valle del Cervo Pluton

The Valle del Cervo Pluton is a composite intrusion
composed of concentrically ordered units that from rim to
core include the Monzonitic complex, the Syenitic com-
plex, the Pink Porphyric Monzogranite and the White
Granite (Bigioggero et al. 1994). Major element bulk rock
geochemistry and radiogenic isotopes indicate a mantle
source for the primary melts followed by fractionation
(Bigioggero et al. 1994; von Blankenburg et al. 1998). The
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alkaline evolution for the different rock types as indicated
by their major elements is outlined by the different Zr
concentrations and zircon morphology (Caironi et al.
2000). Most of the zircon crystals have a magmatic mor-
phology (Caironi et al. 2000), and the Zr concentration
decreases from the monzonite to the granite (Fig. 2a),
indicating achievement of early Zr saturation during the
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:::;;ziz olieelgifift?ztrll\c/leallanite Mineral Ep* Ep® Ep’ Aln® Aln® Aln® Aln®
from the Miagliano Pluton Oxide (Wt%)
Si0, 37.07 36.72 37.16 33.19 33.94 34.73 34.63
TiO, 0.70 0.15 0.14 0.52 0.39 0.25 021
ThO, 1.36 0.87 0.09 0.09
ALO; 22.76 23.95 23.53 17.46 18.45 21.06 21.08
Fe,0, 8.91 8.24 775 2.69 3.20 5.16 4.90
La,05 6.20 5.48 3.36 3.51
Ce,04 8.35 8.67 6.30 6.20
Pr,0; 0.69 0.76 0.66 0.70
Nd,O; 1.93 225 2.07 2.09
Sm,0; 0.08 0.19 0.33 0.23
Gd,0; 0.08 0.20 0.11 0.10
FeO 10.07 9.43 6.86 7.01
Ca0 23.54 22.15 24.38 1221 12.77 15.64 15.56
MgO 224 3.55 241 1.38 1.20 0.56 0.57
Sum 95.22 94.75 95.36 96.20 97.79 97.19 96.88
Cation (apfu)
Si 2975 2.929 2.957 3.066 3.067 3.022 3.022
Al 0.025 0.071 0.043
S T-site 3.000 3.000 3.000 3.066 3.067 3.022 3.022
Al 2.128 2.181 2.164 1.901 1.965 2.160 2.168
Mg 0.268 0.422 0.286 0.190 0.161 0.073 0.074
Ti 0.042 0.009 0.008 0.036 0.027 0.016 0.014
Fe’* 0.538 0.494 0.464 0.187 0217 0.338 0.322
Fe> " 0.778 0.713 0.499 0.511
SMI1-3-site 2.976 3.107 2.921 3.091 3.083 3.086 3.089
Ca 2.024 1.893 2.079 1.208 1.236 1.458 1.455
Mn?* 0.012 0.011 0.014 0.015
La 0211 0.183 0.108 0.113
Ce 0.282 0.287 0.201 0.198
Pr 0.023 0.025 0.021 0.022
Nd 0.064 0.073 0.064 0.065
Sm 0.003 0.006 0.010 0.007
* Epidote norm based on 13 Gd 0.002 0.006 0.003 0.003
oxygens, I (OH, F, CI) and Th 0.029 0.018 0.002 0.002
bFe fFe™ =1 Ut 0.003 0.002 0.002 0.002
Allanite norm based on 8 SOAL-2-site 2.024 1.933 2.087 1.897 1.858 1.894 1.905

cations and 25 charges

magmatic evolution (Fig. 2b). As indicated by the contact
metamorphic data (Zanoni et al. 2008, 2010), the Valle
del Cervo Pluton intruded the HP rocks of the Momba-
rone nappe (in the Sesia—Lanzo Zone) at a depth of
5-7 km, corresponding to an emplacement pressure of
0.15-0.2 GPa.

3.4 Geochronology

The zircons from the Miagliano Pluton show typical
magmatic habitus and zonation. Zonation was mapped by

BSE and CL imaging on the SEM. The selected zoned
crystals represent the majority of the grains. The magmatic
zonation is in agreement with the scenario of crystallisation
during fractionation and cooling of the calc-alkaline system
(see below). The four single zircon grains measured by
TIMS define an age scatter between 33.00 and 33.23 Ma;
the youngest and concordant 2°°Pb/***U age of 33.00 &
0.04 Ma is taken as approximation for the intrusion of the
Pluton (Fig. 5; Table 4). The analyzed zircons are com-
parable in composition and age to the concordant zircons
from the Biella Volcanic Suite (Fig. 5; Kapferer et al.
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Fig. 5 Concordia diagram showing the results of zircon U-Pb dating
of the calc-alkaline rocks. Open ellipses denote zircons form the BVS
(Kapferer et al. 2012b), filled ellipses denote zircon from the
Miagliano tonalite (this study). The used most concordant grain
(anal. 0637-6) is indicated. Apparent upper intercept of
4,129 £ 670 Ma is meaningless

2012b). This Early Rupelian age is 10 my older than fis-
sion-track ages for zircon (23.5 £ 1.7 Ma) and apatite
(19.0 £ 2.5 Ma; Berger et al. 2012).

For the Valle del Cervo Pluton ages already exist
(Bigioggero et al. 1994; Romer et al. 1996). Samples were
thus collected from the central granitic part of the Pluton
(White Granite: Bigioggero et al. 1994). The small size of
the Pluton, with an exposed diameter of ~6 km total, and a
country rock temperature in the range of 100-200 °C at the
time of intrusion, do not allow large differences in crys-
tallisation age from margin to centre. The six zircon
crystals analyzed by TIMS are discordant, probably due to
inherited cores. The lower intercept of 30.39 £ 0.50 Ma
(Fig. 6; MSWD = 1.2) is interpreted as the crystallisation
age of the intrusion.

3.5 Field relations, geochemical affinity and relative
timing for emplacement of the dykes

In the Biella region, between the Upper Val Sessera and
Valle dell’Elvo, several dykes of remarkable compositional
diversity intrude the different tectonic units (Dal Piaz et al.
1979; Bigioggero et al. 1981, 1994; Beccaluva et al. 1983;
Venturelli et al. 1984; Peccerillo and Martinotti 2006;
Owen 2008; Conticelli et al. 2009). The MgO versus Zr
diagram shows compositional trends for the collected
samples of calc-alkaline, shoshonitic and ultrapotassic
affinity as known from literature (Fig. 2; Dal Piaz et al.
1979; Bigioggero et al. 1981, 1994; Beccaluva et al. 1983;
Venturelli et al. 1984; Peccerillo and Martinotti 2006;

Owen 2008; Conticelli et al. 2009), demonstrating the
different evolution of each magmatic unit. The calc-alka-
line suite shows increasing Zr content with magma
differentiation (e.g., with decreasing MgO), whereas the
shoshonitic suite is characterized by decreasing Zr with
increasing degree of differentiation. The ultrapotassic
dykes show a distinct variation in the Zr/MgO ratio.
Combining the geochemical affinity with the field rela-
tionships of the dykes and the known temporal evolution of
the Biella Volcanic Suite, Valle del Cervo Pluton and
Miagliano Pluton, it is possible to establish a relative
chronology for the emplacement of the various dykes.
Two shoshonitic dykes cross-cutting the gneisses of the
Sesia—Lanzo Zone and three calc-alkaline dykes in the
upper Val Sessera were investigated in more detail
(Figs. 2, 7). Near Bocchetta di Sessera, one of the shos-
honitic dykes (Fig. 7a) discordantly intersects the main
foliation of the gneisses (see also Plate 1 in Zanoni et al.
2008). The dyke is of andesitic composition and is strongly
altered with typical surface type alteration dominated by
Fe-oxides and hydroxides. One can follow the dyke until a
few meters before the contact between the andesite of the
Biella Volcanic Suite and the gneiss with a well-preserved
paleosurface (Kapferer et al. 2012a). This is analogous to
the detailed geological map of Zanoni et al. (2008), in
which the dyke terminated at the contact with the extrusive
andesite. Unfortunately, the field observations thus exclude
a clear observation if the dyke is truncated by the paleo-
surface. However, the lack of strong alteration in a
shoshonitic dyke of identical composition (Fig. 2a),
intruding the gneiss several hundreds meter away from the
paleosurface (Zanoni et al. 2008) argues for exposure of the
aforementioned dyke prior to the emplacement of the
andesite of the Biella Volcanic Suite. Furthermore, neither
in this study nor reported in the literature have shoshonitic
dykes cross-cut the rocks of the Biella Volcanic Suite.
Consequently, at least part of the shoshonitic activity must
predate the Rupelian emplacement of the calc-alkaline
andesite (32.44-32.89 Ma, Kapferer et al. 2012b).
Bernardelli et al. (2000) describe a dyke cross-cutting
the gneisses of the Sesia—Lanzo Zone south of the contact
to the monzonite of the Valle del Cervo Pluton. The dyke
shows strong hydrothermal alteration induced through a
thickset network of quartz—carbonate veinlets. The hydro-
thermal activity is associated with the emplacement of the
Valle del Cervo Pluton (Bernardelli et al. 2000), and thus
the dyke is interpreted to be older than 30.4 Ma. Bellini
et al. (1993) described an ultrapotassic sill (lamproite)
intruding epiclastic rocks of the Biella Volcanic Suite. This
indicates that strongly undersaturated magmas are em-
placed after the main extrusive phase of the Biella
Volcanic Suite. Two dykes intrude Ivrea-derived mylonites
on the Southern Alpine side of the Canavese Line sensu
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Fig. 6 Concordia diagram with the results of zircon U-Pb dating of
the Valle del Cervo Pluton

strictu (mylonite belt 1 of Schmid et al. 1989) in the upper
Val Sessera at Piana del Ponte (Fig. 7). These dykes are
basaltic to trachy-basaltic in composition with a calc-
alkaline affinity (Fig. 2). They show an intersertal (doler-
itic) microstructure and pervasive hydrothermal alteration
(with quartz, calcite, chlorite and epidote). The two dykes
have the same composition as the dioritic proportion in the
Miagliano Pluton (Fig. 2a). They intrude sub-parallel to the
mylonitic foliation of strongly deformed and partly
hydrothermally altered rocks originating from the Ivrea—
Verbano Zone. One of the dykes is essentially undeformed
(Fig. 7), whereas the other one (outcropping 150 m west of
the first dyke) is partially dismembered and slightly foli-
ated, and has developed a new foliation. Schmid et al.
(1989) analyzed the magnetic orientation of the unde-
formed dyke and suggested a rotation of ca. 60° along
NNE-SSW oriented sub-horizontal axes. Bigioggero et al.
(1981) described similar doleritic dykes cross-cutting Late
Hercynian granitoids of the Serie dei Laghi south of the
Cremosina Line (see Fig. 1). Based on preliminary paleo-
magnetic data, they suggested a rotation of ca. 20°-30° for
the dykes.

If the calc-alkaline geochemistry of the dyke-like
intrusions in the Ivrea—Verbano Zone and the Canavese
Line mylonite is a robust genetic link to the Miagliano
Pluton, then an Early Rupelian age for these rocks can be
inferred. Furthermore, if this age is correct, then the
mylonitic belt is reactivated during the post-Rupelian
period. This deformation is associated with a strong
hydrothermal overprint at lower greenschist facies condi-
tions. It is important to note, that volcanic rocks of calc-
alkaline and shoshonitic affinity coexist in the epiclastic

Fig. 7 Field relations of dyke emplacement: a shoshonitic andesitic
dyke crosscutting the high pressure gneiss of the Sesia—Lanzo Zone,
showing strong surface alteration and being probably truncated by the
formation of the Early Rupelian (see also Zanoni et al. 2008, their
Fig. 2a and Plate 1); b calc-alkaline basaltic dyke intruding the Ivrea
derived mylonite; the dyke only suffered late brittle deformation;
¢ map of the area of the upper Val Sessera showing the location of the
dykes (a) and (b)

conglomerates of the Biella Volcanic Suite together with
clasts from the Sesia—Lanzo Zone (Callegari et al. 2004;
Kapferer et al. 2012b). This clearly indicates contempora-
neous presence of all three units at the erosion surface in
Early Rupelian times. The age relationships of shoshonitic
dykes discussed above indicate a first shoshonitic activity
predating the calc-alkaline one, and then, 2 Ma later, a
second shoshonitic magma impulse ascended to the upper
crust, emplacing the intrusion of the Valle del Cervo Pluton.

In summary: a first suite of shoshonitic dykes intrudes
the Sesia—Lanzo Zone before the formation of the regolith
in Early Rupelian times. The basaltic calc-alkaline dykes in
the Ivrea—Verbano Zone seem to be closely related to the
intrusion of the Miagliano Pluton and with the calc-alkaline
andesitic volcanic rocks of the Biella Volcanic Suite and
therefore of Mid Rupelian age (32.5-32.9 Ma). The lam-
proitic dyke described by Bellini et al. (1993) is the
youngest one, because it intrudes the epiclastic rocks of the
Biella Volcanic Suite.
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4 Discussion
4.1 Comparison of the age data with published ages

The zircon age of the Miagliano Pluton (33.00 £ 0.04 Ma)
represents the emplacement age of the pluton. Published
Rb/Sr and K/Ar ages obtained on biotite (29-33 Ma with a
median of 31 Ma; Carraro and Ferrara 1968) overlap
within error our zircon U/Pb age. Therefore, these geo-
chronometers were not reset during cooling of the Pluton.
The Valle del Cervo Pluton age of 30.39 £ 0.50 Ma
overlaps with published Rb/Sr biotite isochron ages
(29.0 &+ 0.5-31.0 £ 0.5 Ma; Bigioggero et al. 1994) and
with the zircon U/Pb age of 31.0 & 0.20 Ma obtained by
Romer et al. (1996). As mentioned above, the Valle del
Cervo Pluton cooled in time ranges of ka, which is in the
analytical error of the isotope data. The order of time range
of solidification is independent of the position of the
sample inside the Pluton (rim or core). In contrast to
overlapping K/Ar biotite ages with emplacement ages of
both Plutons, the zircon and apatite fission-track ages are
significantly younger (Kapferer 2010; Berger et al. 2012).

4.2 Magmatic evolution and high precision ages

The mineralogical and geochemical characteristics of the
Miagliano tonalite fit into the calc-alkaline differentiation
pathway of the Western Alps (i.e. Biella Volcanic Suite,
Traversella Pluton, calc-alkaline dykes; Fig. 2). The mag-
matic evolution can be described in terms of fractionation
from a mantle melt and assimilation of a crustal component
(e.g., von Blankenburg et al. 1998). In this context, the
Miagliano Pluton represents a small (i.e., a few km®) ton-
alitic/dioritic batch of a larger coeval magmatic activity,
emplaced at intermediate crustal depth (ca. 12 km). The
differentiation of the magma is indicated in the tonalite by
the occurrence of relicts such as the pyroxene inclusions in
the amphibole, which have crystallized in a more primitive
melt, and the resorbed allanites representing relics not
stable in the matrix of the crystallizing tonalitic melt
(Fig. 4). Such evidences of disequilibrium are crucial to
understand the behaviour of REE and Th/U ratios during
the differentiation of magmatic systems, including the
chronometers. The most useful scenario for the interpre-
tation of single grain zircon ages is the situation of zircon
saturation during magma evolution (e.g., Schaltegger et al.
2009). This can be expected in calc-alkaline systems,
where primary mafic melts are undersaturated in Zr, and
saturation (and thus zircon fractionation) will only be
achieved through fractionation and cooling. For the calc-
alkaline rocks, the Th/U ratio of the zircons decreases with
age (Fig. 8a), which is a common phenomena in such
magmatic systems (e.g., Schaltegger et al. 2009). The

difference in Th/U ratio can be assigned to fractionation of
a phase with a high Th content such as allanite (e.g., Oberli
et al. 2004) or titanite (Schaltegger et al. 2009). The
potential processes of fractionation may be deciphered by
the chemical, isotopic and age constrains from the volcanic
and Plutonic equivalents (see also Gagnevin et al. 2010).
The variation of the Th/U ratio in the investigated zircons
of the Miagliano Pluton is small (Fig. 8a). In contrast, the
single grain zircon ages of the volcanic Biella Suite are
concordant and cover a certain spread in Th/U ratios
(Fig. 8a; Kapferer et al. 2012b). The change in Th/U ratio
of the zircon grains with time (Fig. 8a) is interpreted as
related to the fractionation of a Th-rich phase like allanite
in the evolving magma reservoir. The allanite xenocrysts in
the Miagliano tonalite show signs of such a process, as
most allanite grains in the plutonic rock are resorbed
(Fig. 5). This demonstrates disequilibrium conditions for
allanite with respect to the melt evolving towards the
present tonalitic composition. In addition, they have a
significant dissaksite component, indicating crystallisation
in a more Mg-rich, primitive system. Similarly, early
fractionation of a Th-rich phase would explain the temporal
decrease of the Th/U ratio and MgO content in the bulk
rock composition of the calc-alkaline as well as of the
alkaline suites (Fig. 8b). The occurrence of allanite during
partial melting and fractionation in calc-alkaline systems
has been shown for natural and experimental systems (e.g.,
Hermann 2002; Gregory et al. 2009). However, the general
trend of increasing LREE during fractionation of calc-
alkaline suite is contradictory to pure fractionation of
allanite. The change in Th/U ratio may be related to a late
stage, whereas the earlier evolution from a basaltic to a
granodioritic composition mainly include fractionation of
clinopyroxene and assimilation of a crustal component.

The new dating results combined with the field-based
relative chronology of dyke emplacement establish the
evolution of geochemical distinct magmatic systems within
a restricted temporal and spatial frame. The Miagliano
Pluton intrudes the rocks of the Ivrea—Verbano Zone at
12-15 km depth around 33 Ma. At nearly the same time
(32.5 Ma; Kapferer et al. 2012b) calc-alkaline and shos-
honitic volcanic rocks were deposited on the surface of the
Sesia-Lanzo Zone. Some of the shoshonitic dykes proba-
bly predate the extrusion of the Biella Volcanic Suite, and
were subsequently followed (at 30.5 Ma) by the intrusion
of the shoshonitic Valle del Cervo Pluton.

4.3 Geodynamic evolution

The magmatic rocks studied herein do not just exhibit a
distinct magmatic evolution, but have significantly differ-
ent emplacement depths: (1) Biella Volcanic Suite surface
extrusion; (2) Valle del Cervo Pluton 5-7 km depth; and
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Fig. 8 a Th/U ratio versus the U/Pb age of the single grain zircon p

ages (Table 4). b Th/U ratio versus MgO of the whole rocks (data
source: Venturelli et al. 1984; Van Marcke de Lumen and Vander
Auwera 1990; Owen 2008; Conticelli et al. 2009). In addition the Th/
U ratios of Cesana et al. (1976) are indicated as boxes as no exact
MgO values are available. ¢ Whole rock La versus MgO for the calc-
alkaline rocks (data source as in a). d Whole rock 878r/%08r isotope
ratios versus MgO of dykes of the Sesia—Lanzo Zone. Data source:
Bergell-Adamello trend: Kagami et al. (1991); von Blanckenburg
et al. (1992, 1998); Venturelli et al. (1984); Owen (2008); Conticelli
et al. (2009)

(3) Miagliano Pluton 12-15 km depth. The differences in
emplacement depth were reorganized during post Rupelian
times by rigid block rotation (Schmid et al. 1989; Berger
et al. 2012). The block rotation includes burial of the Biella
Volcanic Suite and exhumation of the Miagliano Pluton.
The burial of the Biella Volcanic Suite surface rocks to
depths of 5-7 km is indicated by the rejuvenation of the
fission tracks and by the low-grade metamorphic overprint
of the rocks (Zingg et al. 1976; Kapferer et al. 2012b). The
burial occurred during 2 Ma, constrained by the age of the
volcanic rocks (32.5 Ma) and the intrusion age of the Valle
del Cervo Pluton (30.5 Ma). Thus, as indicated by the
exposed geometry of the two units, the burial of the vol-
canic rocks must predate the intrusion of the Valle del
Cervo Pluton (Fig. 1). The present day shortest distance
between the Pluton and volcanic rocks is 0.7 km (Valle del
Cervo), which is much less than the estimated intrusion
depth of 5-7 km for the Valle del Cervo Pluton (Zanoni
et al. 2008, 2010). This can only be explained by a re-burial
of the Sesia Zone to depth of ~5 km prior to the intrusion
of the Pluton. On the eastern side of the Canavese Line, the
Miagliano Pluton (which is 2.4 Ma older than the Valle del
Cervo Pluton and coeval to the Biella Volcanic Suite)
underwent single exhumation from a deeper level and over
a longer time span, as indicated by the zircon and apatite
fission-track ages (Berger et al. 2012).

Hence, to combine the alkaline magmatic evolution and
calc-alkaline evolution, quick changes in the upper crust
geometry is required. The evolution of the Tertiary calc-
alkaline suites of the Alps is consistently governed by
AFM processes, where primitive melts from a depleted
mantle source assimilate significant proportions of lower
and upper crustal components (more then 30 % crustal
melts; detailed modelling in von Blanckenburg et al. 1992,
1998; and Thompson et al. 2002 for the Adamello-Pluton).
In contrast, the alkaline magmatism is relatively primitive
in terms of major element composition (i.e. Mg#, Fig. 8d),
but require a complex melt source (e.g., Sr, Nd; Fig. 8;
Owen 2008; Conticelli et al. 2009; Tommasini et al. 2011).
Tommasini et al. (2011) present a model to explain the
chemistry of such Tethyan lamproites. They focused on a
so-called “SALATHO” reservoir in the melting area
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characterized by high Sm/La and Th/La ratios of the
mantle (Tommasini et al. 2011). The origin of such a res-
ervoir in the mantle is explained by a first stage of HP/LT
metamorphism including lawsonite and zoisite/epidote
veins transported into the mantle. To explain the K-com-
ponent in the mantle, a second step was proposed,
producing K-rich melts that migrated through the mantle
wedge and metasomatised it (Tommasini et al. 2011). REE
patterns, Th/La and Sm/La ratios differ for the lamproites
and calc-alkaline members of the Western Alps (Fig. 9).

& Bergell , calc-alk. dykes (Sesia)
(von Blanckenburg et al. 1992) (Venturelli et al. 1984)
Travesella -
¢ anivaisdoLumen u Feslendetc e
& Vander Auwera1990) ’
” Valle del Cervo pluton Lamproites (Western Alps)
(Bigioggero et al., 1994) (Tommasini et al. 2011)
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Fig. 9 a Th/La ratio versus the Sm/La ratio redrawn from Tommasini
et al. (2011). SALATHO = assumed reservoir with certain Th/La and
Sm/La ratios; UC upper crust. In addition data from the Bergell
pluton (calc alkaline evolution, von Blanckenburg et al. 1992);
basaltic-andesitic dykes (Venturelli et al. 1984; Conticelli et al. 2009);
Val Cervo Pluton (Bigioggero et al. 1994) are shown (b). REE pattern
of the different groups of alkaline and calc-alkaline evolution in the
Alps. Bold line average of ultrapotaasic dykes of Conticelli et al.
2009; black thin line average of basaltic/andesitic dykes (Conticelli
et al. 2009); black stippled line Travesella diorite (Van Marcke de
Lumen and Vander Auwera 1990); grey thick line Bergell tonalite
(von Blanckenburg et al. 1992); grey thin line Bergell basalt (von
Blanckenburg et al. 1992)

However, the REE-patterns for the calc-alkaline rocks of
the whole Alps are comparable. In contrast, the Th/La trend
is different for calc-alkaline rocks of the Western Alps to
the central Alps (e.g., Bergell Pluton; Fig. 9). This requires
different sources and/or a different melt evolution in the
Western Alps compared to the central and eastern Alps. A
refined view on the situation sketched by Tommasini et al.
(2011) would include a plate tectonic boundary between
the Western Alps and the central Alps in order to explain
the difference in chemical evolution for these two areas.
Such a plate tectonic strike slip boundary has been pro-
posed by several authors (e.g., Ricou and Siddans 1986;
Handy et al. 2010; Dumont et al. 2011). This boundary
explains the different evolution between the western- and
the central-Alps. In contrast to the central Alps, the western
Alpine lithospheric section includes numerous tectonic
slices accreted through the different subduction and exhu-
mation events and superimposed along the same suture
(Fig. 10; i.e., Sesia subduction is missing in the central
Alps; Berger and Bousquet 2008). In addition, the Jurassic
rifting exhumed Palaeozoic sub-continental mantle along
shear zones, which later were reactivated during the Late
Cretaceous (Babist et al. 2006 and references therein).
Even omitting Palaeozoic metasomatic alterations, it is
evident that during these two antithetic events a portion of
the respective hanging wall was affected by infiltration of
different fluids, originating from the lower plate. During
Jurassic rifting, sub-continental mantle was exhumed to the
surface (northern ocean—continent transition zone of the

Canavese Line
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[ Oceanic crust

[ Lithospheric mantle
[ Asthenospheric mantle

[ Sesia-Lanzo Zone
I Combin Zone

[ Upper and lower crust (Southern Alps)
[ Sub-continental mantle peridotite
| Portion of peridotite affected by metasomatism during
repeated subduction and obduction
[ Region of partial melting of hydrated peridotite
—=_Shear planes active the different stages of subduction and obduction

Fig. 10 Schematic profile (present day orientation roughly NW-SE)
through the internal Western Alps in Rupelian times (inspired by
Babist et al. 2006, their Fig. 10f) showing the position in the upper
plate of the subduction zone of different portion of mantle peridotites
having suffered distinct kinds of metasomatic alteration (see text for
discussion). These represent potential sources for the generation of
the primitive melts of the heterogeneous Oligocene magmatism in this
area. The position of the melting zone have been located following
current thermal model for the alpine subduction (e.g., Stockhert and
Gerya 2005)
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Adriatic plate; Ferrando et al. 2004) and underwent
hydration. This is different to the situation in the central-
and eastern-Alps, but can be compared with the first stage
proposed by Tommasini et al. (2011).

Decompression in the lower exhuming plate may have
generated melts able to infiltrate the upper plate. During
Late Cretaceous convergence the hydrated oceanic mantle
subducted, followed by the continental units (i.e. Sesia—
Lanzo). Dehydration and melting in these units produced
an alteration front in the mantle rocks of the hanging plate.
Late Cretaceous calc-alkaline magmatism related to this
subduction is unknown in the Alps, except for some rare
volcanic clasts in the Schlieren Flysch of Maastrichtian to
Palaeocene age (Winkler 1983). In Eocene, the continental
HP rocks were exhumed along the same suture zone to the
surface, whereas at the same time, the oceanic Piemont—
Liguria lithosphere was subducted. The exhumed Sesia—
Lanzo Zone became the frontal part of the upper plate and
the mantle wedge below the Sesia—Lanzo Zone was formed
by a complex patchwork of differently altered peridotitic
slices bounded by shear zones. The most prominent of
these shear zone is the Canavese Line (Figs. 10, 11). At
depths between 50 and 150 km, this tectonic evolution
created the compositional prerequisites for the generation
of the different primitive melts parental to the Oligocene

Biella
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Lanzo Verbano
Zone Zone 30 Ma

depth (km)

Fig. 11 Sketch of the time-space evolution around the Canavese
Line (see also Schmid et al. 1989). a Around 33 Ma the calc-alkaline
rocks of the BVS emplaced on the paleosurface of the Sesia—Lanzo
Zone while the Miagliano Pluton intrudes the Ivrea—Verbano Zone.
b Around 30 Ma the Valle del Cervo Pluton intrudes at upper crustal
level during the rigid block rotation responsible for the burial of the
Biella Volcanic Suite

magmatic rocks. Furthermore, Fig. 10 shows that applying
a conventional thermal structure for subduction zones, a
large volume of the metasomatically altered mantle fit into
the melting field for hydrated peridotite (T > 1,200 °C; for
isotherms see for example Stockhert and Gerya 2005). The
lithospheric scale mylonitic belt related to the different
movements along the Canavese Line provides the struc-
tural path for the ascent of the melts (Rosenberg 2004).

The calc-alkaline activity is produced by the typical
subduction-related magmatism, associated with partial
melting of hydrated, depleted mantle occurring at
50-100 km depth. The primary basaltic melts produced
underwent fractionation and assimilation of crustal mate-
rial in different magma reservoirs during ascent. The
inherited xenocrysts of pyroxene and allanite in the Mia-
gliano Pluton are relics of such processes. This activity is,
on the scale of the entire Alps, by far the volumetrically
most prominent. At least for the Western Alps section it is
thus not necessary to invoke slab break-off to generate the
calc-alkaline melts (Fig. 10). The alkaline activity is more
localized and volumetrically subordinate. In the internal
Western Alps, with the Valle del Cervo Pluton and the
numerous ultrapotassic dykes, the frequency of alkaline
rocks is higher than in other areas of the Alps. The exis-
tence of a strongly metasomatized mantle slice in the upper
plate of the subduction zone is a result of the tectonic
history of the area, and these slices can be seen as potential
source regions for the primitive alkaline melt. Thus, (1)
difference in intensity and type of metasomatic alteration
of the mantle rocks, (2) the spatial distribution of the
altered mantle portions in the melting volume and, (3)
varying degree of partial melting, are considered to be
responsible for the compositional variation of the primary
melts and for the described magmatic rocks (lamproite,
minette, spessartite, kersantite; Owen 2008; Conticelli
et al. 2009). Fractionation of magma batches during ascent
lead to the different lithotypes of the Biella Volcanic Suite
(Callegari et al. 2004) and Valle del Cervo Pluton (Bigi-
oggero et al. 1994). The relative chronology of the alkaline
rocks (Fig. 11) indicates: (1) they may predate the calc-
alkaline volcanism; (2) they can be coeval with them and,
(3) they are younger as seen for the Valle del Cervo Pluton.
Thus, we suggest that the calc-alkaline magmatism in the
Western Alps represents a more short-lived episode char-
acterized by the production of fairly large volumes of melt,
whereas the alkaline rocks are produced by cyclic, small
volume and localized melting events.

5 Conclusions

Precise radiometric dating of the magmatic rocks outcrop-
ping in a restricted area around Biella, combined with their
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depth of emplacement and the relative chronology issued
from field observations, constrain the evolution of the
orogenic magmatism in the internal Western Alps to a short
period of time in the first half of the Rupelian. The calc-
alkaline Miagliano Pluton intruded the Permian gabbroic
rocks of the Ivrea—Verbano Zone during Early Rupelian
(33.00 £ 0.04 Ma) at a depth of 12-15 km just southeast of
the Canavese Line (Fig. 11). Mineral compositions demon-
strate fractionation as governing mechanism for the
evolution of this pluton. Basaltic dykes of very similar
composition are assumed to be co-genetic and coeval with
the Miagliano Pluton. Two of the dykes intruded the Ivrea
derived mylonite occurring along the Canavese Line, and
were subsequently slightly deformed. The calc-alkaline
andesite of the Biella Volcanic Suite outcropping just
northwest of the Canavese Line are insignificantly younger
(32.44-32.89 Ma) than the Miagliano Pluton. However,
epiclastic conglomerates from the Biella Volcanic Suite
units do, besides calk-alkaline clasts, also contain shos-
honitic volcanic rocks and HP gneisses. Hence, volcanic
edifices of both magmatic series were exposed contempo-
raneously and at the same erosional level. One of the
shoshonitic dykes seems to be truncated by the regolith on
top of the Sesia gneisses and is superimposed by calc-
alkaline andesite. Within less than 2 Ma, the paleosurface
including the Biella Volcanic Suite is buried to a depth of
5-7 km, the intrusion depth of the Valle del Cervo Pluton.
The crystallisation age (30.39 £ 0.50 Ma) of the Valle del
Cervo Pluton marks the end of the upper-crustal rigid block
rotation responsible for the burial of the Biella Volcanic
Suite (Fig. 11). Therefore, in the internal Western Alps, the
orogenic magmatism seems to be restricted to the first half
of the Rupelian. This is supported by the age of the Tra-
versella Pluton of 30 Ma (Krummenacher and Evernden
1960) and by a lamprophyre near Brusson yielding an age
of 33 Ma (Pettke et al. 1999; L. Diamond, pers. com.). The
only exception to this age range is a 44 Ma old andesitic
dyke from Val Chiusella (Babist et al. 2006). This parox-
ysm of the magmatic activity is linked, at least for its upper
crustal expression, to differential rigid blocks movement
including rotation, and affecting the Sesia—Lanzo Zone as
well as the Ivrea—Verbano Zone. Aquitanian zircon and
apatite fission-track ages for the Miagliano Pluton and
Burdigalian—-Langhian ages for the Valle del Cervo Pluton
and the Biella Volcanic Suite indicate that the differential
uplift continued into the Early Miocene.
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