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Research Advisor: John Garver

INTRODUCTION

including Schmidt et al., 1996; Stampfli et al., 2002;
and Trumpy, 1980, and the following is simplified
from these works.

The Alps are a Tertiary collision zone that resulted
from suturing Apulia with Eurasia. Within the Alps
there are local exposures of deeply exhumed, metamorphic, lower crustal rocks including the Lepontine Dome in Switzerland. The dome is comprised
of gneisses with metamorphic ages of 30-40 Ma and
exhumation ages of 10-20 Ma. The Insubric line is
the southern border of the Lepontine Dome and
rocks to the south show little exhumation.

The Early- to Mid Jurassic sinistral opening of the
Central Atlantic resulted in the motion of Africa
relative to Eurasia and the resulting development of
the passive margin Piemont-Ligurin Ocean (located
at the present-day site of the Appenines and Alps).
During the mid-Cretaceous, the southern Atlantic
opened producing an anti-clockwise rotation of
the African plate that closed the Tethys and flanking continental margin. Crustal shortening in the
Tethys produced source regions that fed later flysch
deposition.

This research is focused on the timing and nature
of the exhumation north of the Insubric Line and
how it relates to mountain building. There are two
competing hypotheses for how the Lepontine rocks
were exposed: one suggests that uplift was regionally
similar, the other suggests a fanning motion due to
crustal backfolding. Samples were collected to test
these hypotheses and their cooling ages were determined by thermochronology. The zircon fission
track ages are between 14-18 Ma and complementary zircon helium ages range between 9-14 Ma (see
Stanley, this volume). Therefore, exhumation rates
of ~400-600 m/myr occur at ~15 Ma and ~900 m/yr
at ~10 Ma. At this time in the study there is clear
change in exhumation through time but data concerning exhumation trends across the dome awaits
further analysis.

It is uncertain whether tectonism was continuous
or a series of multiple collisions/events, but Mesoalpine shortening and closure of the Tethyan geosyncline resulted from the northward movement of
the Apulian plate. During the Upper Cretaceous and
Eocene-Oligocene, major Mesoalpine deformation
occurred forming the Pennine nappes from Central Tethyan Mesozoic sediments and Pre-Triassic
crystalline basement. Overthrusting of Austroalpine nappes from the southern Tethyan shelf and
northern Apulian continental margin resulted from
continent-continent collision. Deep within the
Pennine nappes temperatures rose and amphibolite
facies metamorphism occurred.

TECTONIC SETTING

The Insubric Line is commonly referred to as the
continent to continent suture zone but recent studies suggest that the actual suture is farther north
and represented by the Zermatt ophiolites in western Switzerland. The lower Austroalpine-Pennine
boundary is in eastern Switzerland. The Insubric
Line, which runs through the southern Lepontine

The Alps have a complex history dominated by
episodes of deformation, metamorphism, and exhumation. All of these processes are associated with
the interaction of the Eurasian and African tectonic
plates and the intervening Tethyan marginal strata
(Hurford et al., 1986). Several varying and detailed
accounts of the Alpine construction are available,
18
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Alps, delineates Alpine structures and metamorphism in the north from the Prealpine structures
and metamorphism of the southern part of the
Alps. In the Oligocene, noticeable exhumation only
occurred north of the Insubric Line, and combined
with erosion of the Pennine and Austroalpine
nappes created Molasse deposits to the north and
south. Exhumation was accompanied by minor
post-kinematic granite emplacement. The Helvetic napes were produced by Neoalpine thrusting
of sediments in the northern Tethyan margin and
overrode the Hercynian Aar massif. Later compression, a northward push of the Apulian Plate, is
represented by the “root zone” or Steep Belt at the
southern border of the Pennine Zone.

METHODS
Sample Collection
Several zircon and apatite bearing, orthogneiss
and paragneiss samples were collected in a vertical (highest 2870 m) and horizontal transect in the
Southern Swiss Alps and Northern Italian Alps.
Each sample site was chosen because the location
was meant to optimize distribution for testing the
regional cooling pattern. The Insubric line was assumed to be the shear zone that the regional tilting
at the sample locations hinged upon. Vertical transects were taken in Val Maggie, Locarno, Bocchette
de Val Maggia, Val Verzasca, and along the western
shore of Lago Maggiore.

Figure 1: Sample location map. The tectonic map of Switzerland
is taken from the Swiss geologic commission (1980)

Fission Track Dating Processes
After sample preparation was completed, one fraction of the split was zircon or apatite helium dated
(Stanley, this volume) and the other was zircon
fission track dated in this study. Using two different
dating techniques allows for the rate of exhumation
to be calculatedfor each system. This work focuses
on the zircon FT dating.

A north-south horizontal transect through the
Southern Alps was taken on either side of the Insubric Line. For the vertical transects samples were taken at ~200 to 300 m vertical intervals. The highest,
central and lowest sample of each vertical transect
is the initial focus of detailed analysis. The samples
have been processed and analyzed with fission track
dating and helium dating methods (Stanley, MIT
2008) revealing the pattern of regional exhumation
that has then been related to the tectonic evolution
of the Alps.

Fission tracks in zircon are formed from the spontaneous fission of 238U (Garver et al., 2005). The tracks
are stable and retained in the crystal structure after
the crystal cools to a closure temperature of 250 o C
+/- 40 oC, but the closure temperature depends on
the rate of cooling (Brandon et al., 1998). Before
the crystal in a rock is exhumed to a depth corresponding with the temperature of ~250 o C all tracks
that form, anneal in place. Once at a depth with
a temperature around closure, the crystal is in the
19
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partial annealing zone (PAZ) where tracks can be
partially or fully annealed. A quick exhumation rate
would result in rapid passage through the PAZ to
the surface. If a grain undergoes re-heating will be
annealed and the thermochronometric clock will be
reset or partly reset. In this case the rate of exhumation can no longer be determined, and instead the
age dates the last re-heating event.

of induced tracks and Ni is the number of induced
tracks counted; ρd is the density (in 105 cm2) of
tracks on the fluence monitor (CN5) and Nd is the
number of tracks on the monitor (averaged if more
than one sample); n is the number of grains counted; X2 is the Chi-squared probability (%). Zircon
fission track ages (± 1σ, which are average values)
were determined using the Zeta method, and calculated using the computer program and equations
in Brandon (1992). A Zeta factor of 363.2 ± 10.1
(± 1 se) is based on 8 determinations on standard
samples from the Fish Canyon Tuff, Buluk Tuff, and
Peach Springs Tuff. Ages are reported as pooled
ages if X2 is above 1%, otherwise a X2 age is given.
Glass monitors (CN5) placed at the top and bottom
of the irradiation package were used to determine
the fluence gradient. All samples were counted at
1250x using a dry 100x objective (10x oculars and
1.25x tube factor) on an Olympus BX60 microscope
fitted with an automated stage and a Calcomp digitizing tablet.

DATA
The ages of the Lavorgno Village vertical transect,
north of the Insubric Line, has an elevation range
of 1574 m and an age range of 3.3 Myr (Table 1).
The two higher elevations have similar ages with a
0.2 Myr age difference and the two lower elevation
samples have similar ages with a 0.6 Myr age difference (Table. 1). All of the ZFT ages are within
one standard error of each other. Ages for the Lago
Maggiore vertical transect, south of the Insubric
Line and Ticino River Valley horizontal transect
have yet to be dated (Table 1).

The best fit line to the data (solid line), shows that
there is ~2 Ma of difference between the lowest
Note: In this table, ρs is the density (10 cm ) of
spontaneous tracks and Ns is the number of sponta- elevation fission track sample (511 m) and the third
sample at 1124 m resulting in a 613 m elevation
neous tracks counted; ρi is the density (in 106 cm2)
difference (Fig. 2). A
simple calculation of
exhumation rate gives
a likely minimum
exhumation rate ~250
m/Myr. A rate was
also calculated between
the highest elevation
sample (2085 m) and
the same third sample
point (1124 m) yieldTable 1: Zircon fission track data, Lepontine Dome, Swiss Alps. Note: In this table, ρs is the density
6
2
(10 cm ) of spontaneous tracks and Ns is the number of spontaneous tracks counted; ρi is the dening a different likely
sity (in 106 cm2) of induced tracks and Ni is the number of induced tracks counted; ρd is the density
minimum exhumation
(in 105 cm2) of tracks on the fluence monitor (CN5) and Nd is the number of tracks on the monirate of ~500 m/Myr
tor (averaged if more than one sample); n is the number of grains counted; X2 is the Chi-squared
(Fig. 2). The dotted
probability (%). Zircon fission track ages (± 1σ, which are average values) were determined using
line shows the best
the Zeta method, and calculated using the computer program and equations in Brandon (1992). A
Zeta factor of 363.2 ± 10.1 (± 1 se) is based on 8 determinations on standard samples from the Fish
linear fit, which is a
Canyon Tuff, Buluk Tuff, and Peach Springs Tuff. Ages are reported as pooled ages if X2 is above 1%,
single, constant, exotherwise a X2 age is given. Glass monitors (CN5) placed at the top and bottom of the irradiation
humation rate of ~500
package were used to determine the fluence gradient. All samples were counted at 1250x using a
m/Myr. The helium
dry 100x objective (10x oculars and 1.25x tube factor) on an Olympus BX60 microscope fitted with
dating, plotted to the
an automated stage and a Calcomp digitizing tablet.
6
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left, has a linear fit showing relatively fast and constant exhumation rate of ~900 m/Myr.

higher than the actual calculation of the potential
constant exhumation rate, which suggests that an
undetected break in slope was averaged out. Two
important observations were made based on the
data. First, in the two upper elevation samples, at
~18 Ma, there appears to be a ~1km thick slab of
rock with uniform cooling. Second, the two lower
elevation samples are younger, and show a slower
period cooling at ~15-17 Ma. It is likely that the
early rapid cooling represent the onset of erosionally
dirven cooling in this part of the Alps. Rapid exhumation had begun by 18 Myr, and continued until at
least 9 Myr.
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