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A detailed understanding of the 
kinematics, magnitude and timing of 
displacements along segments of the 
Periadriatic Fault System is essential 
to any tectonic model of the Alps. We 
present a multiscale and multidiscipli-
nary analysis of the late deformation 
field post-dating the Pennine and Aus-
tro-alpine nappe stack of the Eastern 
Central Alps.

The Tertiary Bergell pluton (30-
32 Ma, Blanckenburg et al., 1992) 
intruded rocks of different metamor-
phic grade at the eastern border of 
the Lepontine dome. The magmatic 
activity finished at around 25 Ma 
with the Novate leucogranite and 
many pegmatitic and aplitic dykes 
which in turn intruded the Bergell 
pluton and the Southern Steep Belt 
(Milnes, 1974) at 24-26 Ma (Liati et 
al., 2000).

The Bergell crustal block is de-
limited by three major discontinuities 
belonging to the Periadriatic fault 
system, which the complex kinemat-
ics have been well established so far 
(Schmid et al. , 1987; Schmid and 
Froitzheim, 1993; Meyre et al., 1998): 
the dextral Insubric (or Tonale) Line 
in the south, the sinistral Engadine 
Line in the north, the Forcola normal 
fault in the west. These major shear-
zones kinematically allowed orogen-
parallel extension and eastward lat-
eral extrusion at the eastern border of 
the Lepontine dome at the Oligocene-
Miocene boundary, under retrograde 
conditions (Schmid and Froitzheim, 

1993; Meyre et al., 1998). 
Inside the Bergell block, the bulk 

late Oligocene-early Miocene kin-
ematics are deduced from the fault 
kinematic analysis of minor fault 
populations and brittle-ductile shear-
zone patterns post-dating nappe and 
Tertiary intrusions emplacement. The 
overall fault pattern includes at all 
scales a complex pattern of strike-slip, 
oblique normal and normal faults. 
Based on structural observations, 
consistent relative chronology criteria 
from fault-slip data, and fission track 
dating, we characterize the temporal 
and kinematic evolution of the late 
deformation field in the Bergell and 
Insubric areas:
(1) The Novate leucogranite was em-

placed syn-extension at the east-
ern border of the Lepontine dome 
along the Forcola transtensive 
zone, at 25 Ma, under mid-crustal 
P-T conditions.

(2) An analysis of new and previ-
ously published zircon and apatite 
fission-track (FT) dating from 
cross-sections perpendicular to 
the major faults indicate that no 
significant vertical differential 
displacement took place after the 
Burdigalian at the Forcola Line 
and since the Middle Miocene 
(Wagner et al., 1979; Viola, 2000; 
Ciancaleoni, 2004) at the Tonale 
and Engadine Lines. 

 (3) The relative chronology obser-
vations collected from fault-slip 
data in the Bergell block statisti-

cally indicate that extensional 
structures quasi systematically 
predate compressional ones. This 
points out that major extensional 
faulting, probably together with 
oblique-slip faulting and accomo-
dating strike-slip fault zones, once 
dominated deformation over later 
compressional strike-slip fault-
ing, in the Bergell area. Brittle 
S-side-up normal faulting at the 
Tonale fault post-dates the end of 
the ductile Insubric phase shearing 
presumably latest by 26-25 Ma 
(e.g. Schärer et al., 1996) and pre-
dates the brittle dextral strike-slip 
shearing immediately north of the 
fault (pre-Middle Miocene). 
During the late Oligocene-early 

Miocene oblique convergence be-
tween Apulia and Europe led to tran-
scurrent tectonics in the Bergell area. 
The strain field is partitionned in time 
between a strong differential uplift 
during dextral backthrusting (regional 
D3 Insubric Phase, e.g. Berger et al., 
1996; Huber and Marquer, 1996) and 
an orogen-parallel horizontal stretch 
(regional D4) 

Two dominant deformation re-
gimes acted during the late lateral 
extrusion phase (D4).
(1) Between circa 25 Ma and 18 Ma, 

a major transtensive stress field 
ruled the Bergell area deforma-
tion and allowed an orogen-par-
allel, NE-SW directed horizontal 
stretch, under greenschist facies 
to brittle temperature conditions. 

2nd Swiss Geoscience Meeting, Lausanne, 2004

- 1 -



2nd Swiss Geoscience Meeting, Lausanne, 2004

- 2 -

Most of the displacement field 
was accomodated essentially by 
the border faults. Only relatively 
minor movements most probably 
occured along the fault network 
inside the Bergell block which ac-
quired its major internal deforma-
tion during this stress event.

(2) The final exhumation of the Berg-
ell and Insubric areas was mainly 
controled by erosion and (mostly 
reactivating) compressional 
strike-slip faulting, from early to 

middle Miocene. 
The eastern border of the Lepon-

tine domain was strongly constrained 
at the end of the Early Miocene 
(Viola, 2000), avoiding significative 
lateral extrusion from ca. 17 Ma. 
The later reactivating compressional 
strike-slip regime in the Bergell area 
most probably records this change 
in the boundary conditions. Conse-
quently to this change in the boundary 
conditions, plate motion has driven 
dextral slip on the weak Tonale fault 

and pure shear deformation associ-
ated with NNW-SSE directed short-
ening in the Bergell block. On-going 
orogen-parallel extension might then 
have been transfered at the western 
border of the Lepontine dome, along 
the Rhone-Simplon fault zone, where 
displacement was maximum between 
18 and 15 Ma (Grasemann and 
Mancktelow, 1993), still active until 
at least the early Pliocene (Zwing-
mann and Mancktelow, 2004)


