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Schweiz, minerai, petrogr. Mitt. 59,189-197,1979

Swiss National Committeefor the International Geodynamics Project
Working Group 12: Ivrea Zone

Multidisciplinary Research on the Ivrea Zone

Report by A. Zingg*) and R. Schmid**)

1. INTRODUCTION

The Ivrea Zone consists of a steeply dipping sequence of mafic and pelitic
rocks with minor intercalations of ultramafic and carbonate rocks metamorphosed

under amphibolite and granulite facies conditions. In the Valle
d'Ossola and the Valle Strona pelitic and mafic rocks alternate, whereas SW
and NE of this region the mafic rocks are concentrated in a huge mass called
«Basischer Hauptzug» (Fig. 1).

According to seismic and gravimetric investigations the Ivrea Zone represents

a part of the deepest crust upthrusted from the MOHO region (compare
Fig. 2 and "Symposium Zone Ivrea-Verbano" 1968, Schweiz, mineral, petrogr.
Mitt., 48,1).

Since the first Ivrea-Symposium held in Locarno 1968 important results
have been obtained in geophysics, isotope geology and petrology. Most of these

new results have been presented at the second Symposium Ivrea-Verbano in
Varallo, 1978, organized by our Italian colleagues. (Proceedings printed in
Memorie di Scienze Geologiche, 33,1978/79).

This summary is based on the abstracts of the second symposium Ivrea-Verbano

(1978) and progress reports of Abrecht and Peters (Bern), Hunziker
(Bern), Kissling (Zürich), Koppel and Grünenfelder (Zürich), Schwendener
(Zürich) and Steck (Lausanne).

2. PETROLOGY

Mineral isograds were mapped by Zingg (1978) in an area between the Valle
d'Ossola and the Valle Sesia. The regular isograd zonation indicative of
amphibolite and granulite facies metamorphism in the Ossola region (Pey-
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Fig 1 Sketch map of the Ivrea Zone Pogallo Line after Boriam and Sacchi (1973)

ronel Pagliani and Boriani 1967, Schmid 1967 and Bertolani 1968) turned
out to be affected in the Valle Sesia by the synmetamorphic intrusion of the
"Basischer Hauptzug". The magmatic assemblage of the gabbroic rocks
partially re-equilibrated under amphibolite facies conditions in the lower part of
the Valle Sesia.

The distribution of the alumosilicate polymorphs and of cordierite indicates
not only a strong metamorphic gradient towards the Insubric Line, but also

increasing pressures parallel to the strike of the zone towards NE.
Schmid (1967, 1972 and 1978) observed a progressive loss of granitophile

elements in the pelites with increasing metamorphic grade. The difference
between the mean chemical composition of common pelites and graywackes
and the granulite facies pelites of the Ivrea Zone can be explained by anatexis
generating 50-70 weight % of a granitic magma. This melt might have migrated
into higher crust levels, e.g. in the adjacent Strona-Ceneri Zone. Using up an
important part of H20 for partial melting, this degranitisation might be responsible

for the granulite facies evolution of the pelites.
Steck and Tièche (1976) mapped in detail the Finero ultramafic complex

and studied the relation between deformation and crystallisation. Three stages
were distinguished: A granulite facies stage with isoclinal folding followed by
recrystallisation under amphibolite facies conditions with the generation of
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NW SE

Seismology (Berckhemer, 1968).

blastomylonites and of the Finero antiform, and finally a faulting, shearing and
folding stage under greenschist fades conditions, related to deformations along
the Insubric Line.

Microprobe work on pelite samples (Schmid and Wood 1976, Zingg 1978)
shows that the minerals are quite homogeneous even where textures in thin
sections suggest different episodes of mineral growth. Appreciable Fe-Mg zona-
tion was observed only in garnet-biotite and garnet-cordierite pairs within
some 10fi of their common grain boundary, indicating retrograde cation
exchange during cooling.

Using different phase equilibria in pelitic rocks temperatures increasing
from 580 to 820 °C towards the Insubric Line were obtained. In the Insubric
Line region the calculated temperatures are significantly lower although mineral

assemblages and mineral composition indicate further increase of meta-
morphic grade. This is probably due to disequilibrium between garnet and bio-
tite because of later hydrothermal influence documented by secondary aqueous
fluid inclusions (de Negri and Touret 1978) and by partial sericitisation of the
feldspars.
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For an important part of the Ivrea pelites good geobarometers are lacking.
Therefore, the estimated pressures ranging from 5 to 11 kb must be considered
with caution.

A retrograde cation exchange is also indicated by investigations on the ultra-
mafics of the Ivrea Zone by Engi (1978), who recalibrated the olivine-spinel
geothermometer of Evans and Frost (1975) in a temperature range of 900 to
1200 K. Application of this thermometer gave temperatures between 900 and
980 K. These low temperatures for granulite facies conditions might reflect re-
equilibration during cooling.

Abrecht, Peters and Sommerauer (1978) studied the manganese rocks of
Alpe Ravinello situated in the granulite facies part of the Valle Strona. The
chemical composition of coexisting rhodonite and bustamite was compared
with the experimentally determined miscibility gap in the system CaSi03 -
MnSi03, and equilibrium temperatures between 600 and 650 °C were obtained.
These temperatures are too low compared with the degree of metamorphism
shown by the mineral assemblages of the surrounding rocks. They probably
reflect a blocking temperature for the rhodonite-bustamite equilibrium.

3. ISOTOPE GEOLOGY

Koppel (1974) found discordant ages in Precambrian zircon populations
from metapelites of the Ivrea Zone indicating the end of the high temperature
metamorphism at 280-300 m.y. These zircons have a low trace element content
and consist today to 99% of a crystalline phase. Therefore, the temperatures
required for a significant Pb loss are thought to be at least 600-700 °C (Koppel
and Sommerauer 1974, Sommerauer 1976). The zircon ages from the Ivrea
Zone do not point to a Caledonian event. A Caledonian Pb loss is, however, not
excluded, but the Hercynian event must have been the dominant one according

.to Allègre et al. (1974).
In the lower part of the Valle Strona migmatites of the Strona-Ceneri Zone

contain zircon populations of Precambrian origin which were affected by a

Caledonian migmatisation and suffered additional Pb loss 340 m.y. ago or
later. Monazites of this locality gave concordant ages of 290 m.y.

Concordant ages 270±5 m.y. were obtained from the monazites of the Ivrea
Zone (Koppel 1974). According to investigations in the Lepontine area by
Koppel and Grünenfelder (1975) the U-Pb monazite ages give the time of
crystallization or of cooling down to temperatures between 600-650 °C.

In the Valle d'Ossola the monazite ages increase across the Pogallo Line
towards the Strona-Ceneri Zone from 270-280 m.y. to 320-330 m.y. indicating
differential uplift along this line (Koppel and Grünenfelder 1978). The

Pogallo Line is a fault zone with mylonites and small intrusions of dioritic
rocks 300+5 m.y. ago.
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Rb-Sr whole rock determinations by Hunziker (unpublished results) on 10

pelite samples of 30 kg weight from the amphibolite and granulite facies define
an isochron of 475 ±20 m.y. This age is thought to give the upper time limit for
the metamorphism of the Ivrea Zone.

From the Sr87/Sr86 initial of .708 and the present Sr87/Sr86 and Rb87/Sr86
ratio determined on 70 pelite samples by XRF an upper age limit for the
sedimentation of the pelites of 500-700 m.y. can be calculated, assuming a closed
system.

Small scale Sr isotope exchange in the range of cm to dm was studied in a
banded mylonite from the granulite facies domain (compare Graeser and
Hunziker 1968). New Rb-Sr determinations on the single bands define an
isochron of 320±20m.y., whereas the whole sample plots on the Caledonian
isochron. Further data are in preparation to decide whether Hercynian small
scale Sr homogenization is a general feature in the Ivrea Zone or if it is
restricted to rocks with intensive postmetamorphic deformation.

An isochron giving the same age of 320±20 m.y. has been obtained from the
phlogopite peridotite of Finero.

Additional Rb-Sr and K-Ar determinations on biotite and phlogopite have
confirmed that the whole Ivrea Zone has been lifted as a block and cooled
down to 300±50°C about 180±20 m.y. ago (Hunziker 1974). A regional trend
of the ages between 160 and 200 m.y. cannot be observed and the two phlogopite

generations identified in the peridotite of Finero (Kruhl and Voll 1976,
Steck and Tièche 1976) gave the same age within the analytical error.

4. GEOPHYSICS

The gravity field along a profile in the Valle d'Ossola was measured in detail
by Kissling, Klingele and Kahle (1978) and compared with the density
distribution of surface rocks sampled along the same profile. From the observed
anomaly and the current seismic information a new 3-dimensional model has
been constructed. This model allows to calculate the edge effect of the Ivrea
body along the Swiss geotraverse.

Detailed measurements of the total intensity of the magnetic field on both
sides of the Valle d'Ossola and in the Valle Strona show a regional anomaly of
about 300 y and some local anomalies in the range of 0.2-2 km with intensities
up to some 1000 y (Schwendener 1978). Both type of anomalies are related to
the mafic rocks. The correlation between local anomalies and the
corresponding rock units was checked by model calculations using magnetic data
determined in the laboratory on these rocks.

The measured regional anomaly can be modeled by a slab dipping approximately

40° SE to a depth of 20 km (Curie temperature) with a susceptibility of
IQ-3 G/Oe. The surface outcrop of this slab is 5-6 km in length. It starts at a dis-
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tance of 3-4 km from the Insubric Line and extends up to the SE boundary of
the "Basischer Hauptzug".

Similar investigations have been performed by Wagner, Chessex, Dumor-

tier, Espinosa, Gallay, Neri and Webel (1978) over 12 profiles across the
Ivrea Zone between Locarno and Cuneo. The measured magnetic anomaly
coincides more or less with the mafic rocks of the Ivrea Zone. This anomaly can
be split into two parts: 1) a major symmetrical base-level anomaly with values
between -300 and +300 y associated with a "magnetic Ivrea body" and 2)
several sharp peaks with values up to 1200 y, which could be produced by dikelike

structures possibly associated with the "Basischer Hauptzug".
Rock magnetic investigations on samples from the area of the anomaly point

to the mafic rocks as source of the magnetic anomaly. Their susceptibilities are
of the order of 10-3G/Oe. The Koenigsberger ratio indicates that the anomalies
are essentially induced ones.

Two-dimensional computer models based on induced magnetisation have
been used to simulate the Ivrea body. The result using magnetic susceptibilities
from the amphibolites is a wedge-shaped body with the subvertical surface
dipping to the NW. The top of the body lies at depths varying from 1 to 8 km.

Heller and Schmid (1974) measured natural remanent magnetisation in
mafic and ultramafic rocks of the Ivrea Zone. Their data suggest, that the remanent

magnetisation was imprinted to the already steeply dipping series of the
Ivrea Zone during late Palaeozoic or Triassic time.

The open arc shape of the Ivrea Zone is younger than the magnetization. In
addition the whole Ivrea Zone rotated anticlockwise by the same amount as the

surrounding units in upper Tertiary time.

5. CONCLUSIONS

Present knowledge does not yet allow a full reconstruction of the history of
the Ivrea Zone. In particular the interpretation of the age data, the emplacement

history of the "Basischer Hauptzug" and the timing of the tilting and

upthrusting of the Ivrea Zone from the MOHO region are still subject to discussion.

Nevertheless, a relative chronology of the most significant events is

attempted and further results of importance for the interpretation of the Ivrea
Zone are summarized.
1. The sedimentation age of the pelitic sequence of the Ivrea Zone is Cambrian

or late Precambrian. (Rb-Sr investigations).
2. The mafic and ultramafic rocks intruded the pelite sequence at a deep crustal

level and re-equilibrated under the new P-T conditions (Capedri et al. 1976,

Shervais 1978). Parts of the "Basischer Hauptzug" are similar to a layered
intrusion (Rivalenti et al. 1975). Pb, Sr and S isotope ratios support a

mantle origin for at least part of the mafic and ultramafic rocks of the "Ba-
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sischer Hauptzug" (Graeser and Hunziker 1968, Graeser 1970, Heilmann
and Lensch 1977).

3. Metamorphism grading from amphibolite to granulite fades and isodinal
folding developed. Thin sections and microprobe studies of the pelites indicate

only one phase of progressive metamorphism followed by few discontinuous

retrograde reactions, retrograde cation exchange, mylonitization
and partial recrystallisation under dry conditions. A later recrystallisation
under amphibolite facies conditions, e.g. at Finero, seems to be a local
feature, probably restricted to areas where significant amounts of fluid could
reenter the rocks.
According to the U-Pb mineral ages the most important metamorphic event
is Hercynian. The Rb-Sr whole rock data from the same samples, however,
point to a Caledonian age for the metamorphism.

4. After the intrusion of the "Basischer Hauptzug" and the regional
metamorphism the Ivrea Zone was tilted from a horizontal to its present subvertical

position. This tilting occurred in the adjacent Strona-Ceneri Zone prior
to Permian time.

5. The now steeply dipping Ivrea Zone was then lifted as a block. This is
documented by the monazites and biotites which give the same ages of 270 and
180 m.y., respectively, over the whole Ivrea Zone.

6. A model of the present structure of the crust is shown in Fig. 2. Below the Po

plain the MOHO is located at a depth of more than 20 km from where it rises
close to the surface of the earth in the Ivrea Zone region. A large inversion
zone of the seismic velocities is observed indicating rocks of lower densities
under the sheet of deep crust and upper mantle rocks represented by the
Ivrea body.
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