
The Teggiolo zone is the sedimentary cover of the
Antigorio nappe (Central Alps). Its highest lithostrati-
graphic subdivision, immediately below the thrust
surface of the Lebendun nappe, is defined as the
Robiei Formation; it consists of a several hm thick
wildflysch-type mélange with blocks of various sizes
(from a few dm up to several hm) and various lithol-
ogy (mainly marbles and gneisses) embedded in a
calcschist matrix (Masson 2002). In previous studies
the blocks of gneiss have been either ignored or
confused with the overlying Lebendun gneiss. How-
ever they belong to various types of gneiss that are
all distinct from the Lebendun gneiss.

A remarkable feature of these blocks of gneiss is
the frequent presence in them of conspicuous basic
dykes. These have abnormal compositions that can
be considered lamprophyres in a broad sense. Two
types of these dykes have been studied in detail.
One is well represented in the vicinity of the Tamier
pass (between Val Formazza and Val Bavona). Main
minerals are hornblende, biotite, relic pyroxene, pla-
gioclase (An 19 to 24), orthoclase, epidote and
quartz. Their chemical composition is characterized
by a low Na2O content (0.4 to 2.1 wt %) and a high
K2O content (2.9 to 6.7 wt %). The chemical compo-
sition of several Tamier metabasites is similar to that
of a lamprophyric dyke of supposed Late Paleozoic
age from the Laghetti area in the Maggia nappe
(Steiner 1984, Günthert et al.1996).

Another type of dyke is frequent in the gneissic
blocks of the Robiei Formation around the Lago del
Zött (Val Bavona) Main minerals are hornblende, bi-
otite, quartz, carbonate and plagioclase (An 25 to
26). The chemical composition is also low in Na2O
(0.2 to 0.8 wt %) but moreover low in K2O (0.3 to 1.1
wt %) and high in CaO (9.0 to13.6 wt %).

Both types of dykes have zircons that have been
dated with the SHRIMP II ion microprobe at the
Center of Isotopic Research (VSEGEI) at St Peters-
burg. All the analytical data fall on the Concordia
curve and give an age of 284.8 ± 1.7 Ma for the
Tamier rock and 290.0 ± 1.3 Ma for the Zött rock.
These ages are in agreement with the hypothesis of
a kinship with the Laghetti dykes and therefore with
an origin of these blocks in the Maggia nappe. This
relationship points to thrusting of the Maggia nappe
over the eastern part of the Antigorio nappe during
the end of sedimentation in the Teggiolo basin and
before the arrival of the Lebendun nappe.
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A comprehensive picture of the relationship between
seismicity, tectonic structure and late tectonic history
is essential to our understanding of the driving
mechanism behind the occurrence of earthquakes.
Thus, seismotectonics is an important input to any
comprehensive evaluation of seismic hazard. The
objective of a seismotectonic map is to display the
relevant seismological observations against a back-
ground illustrating the corresponding tectonic setting.

The last seismotectonic map of Switzerland dates
back to 1978 (Pavoni and Mayer-Rosa, 1978). The
seismological information contained in this map was
for the most part based on observations made prior
to the installation of a modern national seismic
network by the Swiss Seismological Service.
Meanwhile, a wealth of data has been acquired both
by this national network and by several regional or
local networks that have been in operation in
different parts of the country for varying periods of
time. So with financial support from the Swiss
Geophysical Commission, the Swiss Seismological
Service has undertaken the task of compiling a new
nationwide map that displays and synthesizes the
currently available seismotectonic information. As
background for the tectonic information we have
chosen a slightly simplified version of the new digital
tectonic map of Switzerland, issued recently by the
Federal Office of Water and Geology.

 The most important seismological input besides
the location and distribution of earthquake epicenters
are the earthquake focal mechanisms, which give
direct evidence for the style of active faulting in a
given region. The new seismotectonic map is based
on more than 170 high-quality earthquake focal
mechanisms. These focal mechanisms are for the
most part derived from traditional faultplane solutions
based on first-motion polarities of the P-waves.

However, for some of the stronger and more recent
events, moment tensors derived from full-waveform
inversions have also been used. Particular care was
given to the selection of these data, making sure that
the source of each focal mechanism is documented,
so that its quality and reliability can be assessed by
the user. This documentation will be published as a
separate report in 2006.

Based on a recently completed study devoted to
a comprehensive analysis of the stress field in the
Swiss Alps and northern Alpine foreland, the
available seismological data was divided into eight
different regional subsets, which differ from each
other based on the predominant style of faulting or
on the orientation of the principal axes of
deformation. In order to visualize these differences
more clearly, for each region we have plotted a rose
diagram with the strike of the nodal planes of the
corresponding focal mechanisms and a stereo-plot
with the orientation of the P- and T-axes.

One of the main goals in compiling this new map
was to create a database and a mapping tool that
can easily be updated as new information becomes
available and that is flexible enough to be able to
generate new maps meeting the needs of the user
both in terms of data selection and regional focus.
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Deformation under retrograde conditions is a com-
mon feature in high-strain shear zones, where the
width of the shear zone decreases continuously with
ongoing deformation. The occurrence, degree and
geological significance of strain localization was
studied for different Helvetic nappes (e.g., the Mor-
cles, Diablerets, Doldenhorn and Glarus nappe).
These nappes belong to three major nappe stacks: a
western (Morcles, Diablerets, and Wildhorn nappe) a
central (Doldenhorn, Gellihorn, and Wildhorn nappe)
and an eastern (Glarus nappe complex) one, which
all developed under similar tectono-metamorphic
conditions. From frontal to rear parts and with in-
creasing depth in the stack, the metamorphic condi-
tions range from diagenesis to lower greenshist fa-
cies, respectively. Strain rates are similar and the
deformation was mainly concentrated in impure car-
bonate rocks with varying contents of second-phase
minerals like sheet silicates, quartz, dolomite and
ores.

The observed steady-state calcite microstructures
in these carbonate mylonites are characterized pre-
dominantly by a temperature/stress controlled bal-
ance of grain size reducing mechanisms and grain
growth as well as second-phase pinning. Particularly
high second-phase contents and/or retrograde strain
localization, with an enhanced grain size reduction
component compared to syndeformational grain
growth, result in mylonites characterized by small
steady state grain sizes. In order to detect strain lo-
calization, the field geologist has to discriminate this
phenomenon from a simple second-phase effect.
This can either be obtained by selecting pure rocks,
where a second-phase influence can be excluded or
one has to be able to correct for the second-phase
effect. Besides abrupt grain size reduction, the oc-
currence of localized horizons with bimodal grain
size distributions, intense twinning even of small
sized calcite grains and discrete shear zones cross-

cutting older deformation structures represent addi-
tional criteria to identify localized shear zones.
Partly, the zones characterized by grain size reduc-
tion are accompanied by cataclasites.

In the samples analyzed, the ‘retrograde microfab-
rics’ occur in thin layers within the former peak
metamorphic mylonites. Towards the center of these
strain localization zones the grain size continuously
decreases indicating a continuous reduction of the
shear zone width with decreasing metamorphic
grade. Such strain localization phenomena were
found in all nappes, where the mylonitic grain sizes
were reduced to sizes smaller than 5 µm for both,
pure and second-phase affected microstructures.
The latter point indicates that rock strength hardly
differs between pure and second-phase controlled
carbonate mylonites during retrograde deformation.

Despite the common appearance of strain local-
ization phenomena in all nappes investigated, there
exist remarkable differences in regard of the width of
the localized shear zones. In the Morcles and Dold-
enhorn nappe, strain localization is evident only
within a few mm to cm, while in the Diablerets and
Glarus nappe the calcite grain size decrease occurs
over distances of several dm to m. This could be
caused by a variety of different parameters like (a)
differences in steady state grain size developed un-
der peak metamorphic and retrograde conditions, (b)
differences in fluid content (high fluid content = fast
recrystallization cylcles), or (c) differences in the
cooling histories depending on the position of the
nappe in the nappe stack.
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South of Basel, two major tectonic structures of
western Europe interfere: the Paleogene Upper
Rhine graben, which is part of the European Ceno-
zoic Rift system, and the Miocene Jura fold-and-
thrust belt. The tectonic stress field in this region has
undergone several changes. Throughout the Pale-
ogene, opening of the Upper Rhine graben and E-W
extension prevailed. In the Lower Miocene, the
stress field changed to overall NW-SE-compression,
still prevalent today. This major stress field change
led to the cessation of graben subsidence, followed
later on by the formation of the thin-skinned Jura
fold-and-thrust belt. These contrasting geodynamic
regimes have led to the development of differently
oriented fault sets, partly including their subsequent
reactivation and/or inversion (Giamboni et al. 2004).
Due to the resulting complex fault pattern and the
availability of differently oriented faults, post-2.9 Ma
to recent deformation is assumed to be spatially dis-
tributed.

The occurrence of large earthquakes in the past
(e.g., Basel 1356: estimated MW=6.9; Earthquake
Catalogue of Switzerland ECOS 2003) demonstrates
the ongoing tectonic activity of the region and its
potential for similarly disastrous earthquakes in the
future. However, earthquakes of this size have very
long recurrence times, which is a consequence of
low long-term deformation rates typical of intraplate
settings. This makes both the statistical evaluation of
seismological data and the geodetic measurement of
displacements difficult.

Despite these difficulties, the present study analy-
ses the recent deformation pattern in the area in
more detail by integrating information from a number
of sources: (1) Previous geological investigations
provide information on surface and subsurface fault
zones. (2) Seismotectonic data (available focal
mechanisms and focal depths) allow the stress field
in the seismogenic crust to be defined (e.g. Kastrup

et al. 2004). (3) In addition, a compilation of in-situ
stresses from shallow depths might further help to
determine which mapped faults or fault sets have a
suitable orientation to be reactivated in the current
stress field. (4) Additionally, a geomorphological
analysis of selected river drainage basins in the area
has been performed.

Kirby & Whipple (2001) showed that the study of
river and river-network properties is a valuable tool
to track recent tectonic movements. The advantage
of using geomorphological data, and river systems in
particular, is the possibility to take information about
past tectonic activity into account that has been ac-
cumulated and stored in the topography. Besides,
not only faults that reach the surface, but also
movement on blind faults and folds can be observed.
The reconstruction of drainage basin evolution in the
Sundgau area of the Southern Upper Rhine graben
by Giamboni et al. (2005) demonstrates that the dis-
placement rates in this region are indeed high
enough to be detected with this method. In the pre-
sent study, the focus lies on the investigation of lon-
gitudinal river profiles, drainage basin asymmetries,
and channel geometries in the Tabular Jura south-
east of Basel. They will be analysed using the Swiss
digital elevation model DHM25 in a geographic in-
formation system in order to establish a link between
surface deformation features and potentially seis-
mogenic subsurface structures.
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The Siviez-Mischabel nappe is a subdivision
proposed by Escher (1988) of the Grand-St-Bernard
nappe of Argand (1909). These authors consider it to
be a huge recumbent fold. In the Mattertal, it is
separated from the underlying Pontis nappe by the
complex St-Niklaus syncline cored by Permo-
Triassic formations. On the published geological
map of Bearth (1978) the basement gneiss is
separated from the Upper Carboniferous to Lower
Triassic sedimentary series by a tectonic contact.
More recently in a nearby area, Markley et al. (1999)
proposed that the “Permo-Triassic” quartzites,
traditionally assumed to be part of the overturned
limb of the nappe are in fact slices in an upward
facing position repeated by several thrusts. The
existence of a clear overturned limb of the Siviez-
Mischabel nappe has therefore been challenged.
Recent detailed field work in the Mattertal (St-
Niklaus - Torbel area) has clarified the litho-
stratigraphy in the Upper Carboniferous to Lower
Triassic sediments as well as the structure of the
underlying St-Niklaus syncline.

The following formations can be observed, from top
to bottom,
• The polymetamorphic basement; composed of

paragneiss, amphibolites and micaschists.
• Fine-grained, greyish quartzites and greywackes

with graphitic and conglomeratic horizons
(Carboniferous ?)

• Carbonaceous, argillaceous, green or white,
quartz-rich sediments with some very siliceous
and carbonaceous lenses (Moosalp Formation,
Permian, Thélin 1987)

• Massive, green or white, fine grained or
microconglomeratic quartzites, in some places
conglomeratic with quartz pebbles (Permo-
Triassic).

This coherent overturned sequence can be
observed from the St-Niklaus area to the Moosalp
pass to the north. Detailed mapping in this area
revealed that the stratigraphic contacts between the
formations are refolded by at least two phases of
deformation. The Permian Randa orthogneiss is
intrusive into the polymetamorphic basement, the
Upper Carboniferous sediments and the Moosalp
Formation. In addition, the underlying St-Niklaus
syncline is symmetrical and connects the overturned
limb of the Siviez-Mischabel nappe to the normal
series of the Pontis nappe.
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Metapelites from the Monte Rosa nappe (Western
Alps) underwent a polymetamorphic history,
whereby amphibolite facies conditions prevailed
during pre-Alpine stages. During the Alpine meta-
morphic cycle the Monte Rosa metapelites experi-
enced an early high-pressure overprint, resulting in
the formation of garnet reaction rims along former
plagioclase-biotite interphase boundaries. Garnet
was formed through the reaction plagioclase (Pl) +
biotite (Bt) = garnet (Grt) + phengite (Phe) + quartz
(Qtz) at about 650°C and 12.5 kbars.

The newly formed Grt rims (10-50 µm) are asym-
metrically zoned. Generally, there is high Ca con-
centration towards Pl and low Ca concentration to-
wards Bt. Highest Ca concentration is within the Grt
rim. Near the Grt/Bt interface a small increase in Ca
concentration is observed. Fe concentrations behave
complementary to the Ca concentrations.

Pl is depleted in Ca along the Grt rim. This indi-
cates that Ca, which was used as nutrient for Grt
formation, was derived from incongruent dissolution
of Pl, which preferentially extracted the anorthite
component. The new Qtz was formed as a discon-
tinuous rim (< 10 µm) of grains along the Grt/Pl re-
action interface. The new Phe is predominantly
formed within the preexisting Pl.

TEM images of the Ca depleted part of Pl reveal
up to 100 nm wide channels filled with amorphous
material. Newly formed Phe is often spatially associ-
ated with such channels. This observation suggests
that these channels likely formed potential diffusion
pathways.

The formation of the reaction rims requires diffu-
sive material transfer across the Grt rim. The high
Ca concentrations near the Grt/Bt interface give evi-
dence of enhanced transport rates along grain- or
interphase-boundaries. Potential diffusion pathways
through the Grt rim are detected by electron back-

scatter diffraction. Grt rims are composed of
(sub)grains separated predominately by low angle
boundaries (< 15°). The grain boundaries within the
garnet rim probably allowed for short-circuit diffusion
between the Grt/Pl and the Grt/Bt reaction inter-
faces. High-resolution transmission microscopy re-
veals the internal structure of Grt grain boundaries.
These grain boundaries often contain lens shaped
domains of < 5 nm width, where the lattice of the
neighboring grains fits badly. The lens shaped do-
mains contain an amorphous material, whose phase
nature at the presumed P-T conditions of Grt forma-
tion is not known, but which may have served as a
medium for fast mass transport. Energy filtered
transmission electron microscopy shows that Ca is
enriched along the Grt grain boundary plane but is
depleted within Grt near and towards the grain
boundary plane. Fe at least contributes to counter-
balance Ca depletion in Grt near the grain boundary
plane. These observations in combination with the
Grt zoning profile suggest that material transport was
enhanced along the grain boundaries through the
Grt rim.

Based on numerical modeling, the diffusivities of
Ca, Fe and Mg are estimated to have been 6-7 or-
ders of magnitude faster within grain boundaries
than through the interior of garnet grains. For an av-
erage grain boundary width of two nanometers, Dgb

is on the order of 10-19 m2/s at the estimated reaction
conditions of 650°C and 12.5 kbar, where DgbCa is
slower than DgbFe and DgbMg by a factor on the order
of ten. With this contribution of short-circuit diffusion,
the formation of 8 mm wide garnet rims will last
about 5x10 4 years.
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The Rhine-Bresse transfer zone is part of the Euro-
pean Cenozoic rift system and links the Upper Rhine
graben to the east with the Bresse graben to the
west. The roughly E-W striking intracontinental
transfer zone parallels Paleozoic basement struc-
tures as well as the front of the thin-skinned Jura
fold-and-thrust belt. In the west it intersects with the
northern Bresse graben in the vicinity of the La Serre
massif that consists of a Variscan granite and Per-
mian volcanic and sedimentary rocks.

Detailed brittle tectonic analyses within the Mesozoic
cover reveal repeated fault reactivation during the
Cenozoic. The predominant outcrop scale brittle
structures are N-S and E-W striking normal faults as
well as extension gashes that were formed during
the Eo- to Oligocene opening of the Rhine and
Bresse grabens (Lacombe et al. 1993). These faults
were reactivated as sinistral and dextral strike slip
faults, respectively, during and after the folding of the
Jura mountains in the late Miocene. NE-SW striking
reverse faults are also common. Paleostress calcu-
lations yield NW-SE to WNW-ESE directed tran-
spression. Geomorphological observations within the
transfer zone indicate ongoing deformation in the
area. Throughout the Forêt de Chaux, a floodplain
consisting of Pliocene gravel deposits, tributary
creeks of the Loue and Doubs rivers show asymmet-
ric incision patterns, hinting towards uplift along a
NE-SW trending axis (Molliex, 2005). This axis cor-
responds with the prolongation of the Bisontin thrust
exposed south of Besancon. The Ognon river and its
Pleistocene deposits appear to be affected by the
growth of anticlines along the ENE-WSW striking
Avant-Monts thrust. In how far these deformation
features of Pleistocene deposits can be used to de-
rive long term deformation rates remains to be seen
when results of an ongoing OSL dating campaign in
cooperation with Dr. F. Preusser (University of Bern)
become available.

 The observations described above raise the
question whether fault reactivation in the Rhine-
Bresse transfer zone is restricted to the sedimentary
cover or whether it is linked to the reactivation of
basement faults within the transfer zone, induced by
a change from sinistral transtension during Oligo-
cene to dextral transpression from late Miocene on-
wards (Giamboni et al. 2004, Ustaszewski et al.
2005). On the other hand the focal mechanism of the
Mw = 4.5 earthquake at Rigney near Besancon in
2004, with a focal depth of 12 km (Swiss Seismol-
ogical Service, 2004) reveals a reverse mechanism
rather linked to a compressive than a transpressive
reactivation of ENE-WSW trending basement faults.

This research project is carried out within the
framework of EUCOR URGENT.
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We consider the fault crossing the “Luziensteig” from
south to north towards Liechtenstein to be a prolon-
gation of the “Churer Lineament”.  Supporting the
elevation of the western Alps it brings in a side by
side position Upper Jurassic rocks of the Penninic
Falknis nappe against Lower Cretaceous ones of the
Helvetic Säntis nappe and cuts off the connection
between the Prätigau- and the Triesenflysch.

The main prolongation of the „Churer Linament” to
the Lake of Constance is covered by post-glacial
sediments. As we see in the west of Sevelen, an-
other one towards the “Sax – Schwendi Bruch” is
also possible.

This well studied fault structure is crossing the
Säntis massif. The fault structure demonstrates syn-
ergising of faulting with folding. The western part
was elevated and moving it to the left.  But it is not
crossing today’s boundary of the Subalpine Molasse.
This means that it ends in a southern part of it which
later in Miocene time was covered by the prograding
alpine edifice.

Towards the Lake of Constance inside the valley
the “Kummen“ mountain demonstrates past activities
in prolongating the “Churer Lineament“ northwards.
Here,  close to the axis of the Rhine valley depres-
sion of the northern Säntis nappe,  the NNW looking
frontal part of a prolongation of the down-sinking
“Götzis fold“ is elevated for several hundred meters.

Partly visible in excellent outcrops when entering
and leaving the rocky mountain slope,  the “Emsrütti
fault“ separates the higher mountains from the “Ho-
henems fold“ (or nappe) for a distance of 4,5 km
from Hohenems to Dornbirn. Causing in part a
straight furrow in the landscape,  the “Emsrütti Fault“
is also visible from higher up on the slope.

The elevated “Hohenems fold“ (or nappe) is
dominated by steep rocks towards the Rhine Valley.
Its inverted sequence from Seewerkalk to Schrat-
tenkalk is quarried at the “Rhomberg Steinbruch“.  It
was not the “Emsrütti“ region and the slope behind,
dominated by Eocene beds with Nummulites and the
block of the “Breite Berg“, which was lifted up.

It was the “Hohenems fold“ in front of it, domi-
nated by inverted sequences. It was elevated for
several hundred meters, like before the frontal part
of the “Kummen” mountain !

Figure 1: Der beginnende Straßenanstieg nach Emsrütti mit
dem die Eozänschuppen gegenüber der Falte von Hohenems
absetzenden Emsrütti Bruch.
 K = Kieselkalk + Drusbergschichten + Schrattenkalk + „ Gault “
+ Seewerkalk (zerlegt),
Δ = Amdener Schichten,
O = Globigerinenmergel des Mitteleozän,
1,  2,  3 = glaukonitische Nummulitenkalke,  z. T. mit Roterz,
B =  Blöcke davon,  (nach einer nachgelassenen Skizze von
Arnold HEIM).

See the drawing of Arnold HEIM from before 80
years (from Oberhauser 2005, p. 132).

Young faults inside and east of the Rhine Valley tending to the
northern foreland are demonstrated using new geological maps of

Vorarlberg in preparation (1 : 100 000 and 1 : 200 000)

Oberhauser, R.

Marxergasse 36 / 2 / 6 / 30, 1030 - Wien, Austria



This also took place after a very complicated folding
of the frontal parts of the “Säntis nappe“ and proba-
bly after the folding of the Subalpine Molasse.
Therefore we try to insert the prolongation of the
“Emsrütti Bruch“ beneath the young sediments of the
Rhine-valley in-between the Subalpine- and the
Foreland Molasse,  acting in uppermost Miocene to
Pliocene time.

The left-side moving „Ostergunten Störung“ cut-
ting off the Quintner Kalk of the Canisfluh to the east,
works like the “Sax – Schwendi Bruch“ and therefore
it does not enter the Subalpine Molasse in the situa-
tion of today.

The also left-side moving “Gargellen Störung“
crosses the Prätigau flysch, the Silvretta-Kristallin
and parts of the Northern Calcareous Alps until it
reaches the Lech Valley near the village of Lech.  It
looks like being not irritated by strike slip movements
inside Montafon- and Klostertal valleys.

It is difficult to connect it with the important fault
structures inside the Iller Valley, in part crossing the
Molasse boundary.  Here we encounter the western
end of a northernmost part of the Northern Calcare-
ous Alps.  Their former western prolongation was
eroded after its elevation, which was supported by
this fault system.
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The present-day picture of the Eurasian plate base-
ment units in the Central Alps is that of a Variscan
consolidated continental crust that towards S (and
with increasing metamorphic grade) changes into an
body of increasing Alpine deformation with tectonic
slicing in the north but nappe formation in the south.
The current outcrops of the crystalline rocks within
Helvetic and Subpenninic units has been attributed
to late shortening and thrusting within the crystalline
basement and erosion of their cover. Fission track
(FT) data enable us to quantify the late-stage exhu-
mation and illustrate the relatively late incorporation
of the Aar and Gotthard crystalline rocks into the Al-
pine orogeny in the Tertiary (Herwegh & Pfiffner
2005). The classic FT studies of Soom (1990) and
Michalski & Soom (1990) from the Aar and Gotthard
crystalline rocks describe the cooling of the Aar and
Gotthard massifs as the result of shortening and
doming on one hand and continuous erosion on the
other. Climatic forces have only recently been pro-
posed as another possible driving force (Cederbom
et al. 2004).

For our revised thermal history, 18 apatite FT
ages are added to the previous data set of Michalski
& Soom (1990), mainly from the E ends of both
"massifs", and the thermal history of the massifs is
re-investigated with respect to the following ques-
tions: (a) Did the Aar and Gotthard crystalline rocks
acted as one single body after apatite closure? (b)
Do fission track data show any internal tectonic
movements? (c) Do the FT ages contain clear evi-
dence of a drastic change in erosion rate at around 5
Ma as proposed on the basis of FT data from the
Molasse basin (Cederbom et al. 2004)?

In close agreement to previous studies (Schär et
al. 1975, Wagner et al. 1977, Soom 1990, Michalski
& Soom 1990), the apatite FT pattern reveals a
strong heterogeneity and regional variation of the FT
data that may be explained by the beginning influ-

ence of topography on the FT age pattern. The cen-
tral area around Gotthard Pass reveals a time period
of steady exhumation between 5 and 10 Ma, while
other areas show a clear increase in cooling rates
between 8 and 5 Ma and in one case of sufficiently
young ages a decrease in cooling rates after 5 Ma.
None of the data profiles reveals any sign of late-
stage movement along the Urseren sediment zone,
however, lines of equal FT age are disturbed in the
vicinity of potential zones of thrusting activity, sug-
gesting that latest movements along these zones
took place during cooling of the rocks across the
partial annealing zone of the apatite FT system. The
most prominent example is found at the Jungfrau,
suggesting that the Grindelwald phase (i.e. shorten-
ing within the Aar massif) continued until at least 8
Ma. Late-stage doming within the crystalline massifs
has continued until recently as is visible from bended
iso-age lines in the Western Aar massif next to Brig
and in both Aar and Gotthard massifs at their east-
ern ends. For the Chur dome, iso-age contours be-
tween 7 and 3 Ma indicate a shift of the dome centre
to the ENE, for the Brig dome shift in opposite direc-
tion is less obvious. The pattern suggests a lateral
growth of the Aar and Gotthard massif dome through
time, probably caused by the propagation of the ar-
cuate Adriatic indenter.
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With the introduction of the new geoid model of
Switzerland (CHGeo2004), the consistency between
the ellipsoidal heights based on GPS observations
and the orthometric heights resulting from precise
levelling (and gravity) has now been achieved. Fur-
thermore, the gravity-field-related vertical reference
frame completes the new national survey in Swit-
zerland, LV95. On March 18, 2005, the results of the
new National Height Network LHN95 were presented
to the geodetic community for the first time. They will
now be available to all surveyors interested in ap-
plying GNSS-based height determination, even
though LHN95 is not officially in use for cadastral
surveying.

Besides the realization of the geoid model and the
vertical reference frame, the poster presentation
shows the differences to the old official heights
LN02, the differences along the national borders to
our neighboring countries, and the relationship to the
European vertical system.

The kinematic adjustment of the potential differ-
ences between 1600 selected stations along approx.
10,000 km of repeatedly observed precision levelling
lines forms the backbone of the LHN95. The adjust-
ment is based on the fundamental reference point
Zimmerwald, where the discrepancy of the geopo-
tential numbers to the UELN-73 solution amounts to
0.102 gpu. This difference stems from the definition
of the datum for LHN95, which was chosen so that
the value of the old Swiss vertical datum (Repère Pi-
erre du Niton: h = 373.60 m) remains the same.

The result of the adjustment of the 3380 observa-
tions, including a total of 2750 unknowns (potential
numbers and their temporal changes), was a stan-
dard deviation of 1.4 mgpu for the unit of weight.
This corresponds to a standard deviation of 1.4 mm
for the length of 1 km with a height difference of 100
m.

The vertical velocities are set to zero at the arbi-
trarily chosen reference benchmark in Aarburg. The
resulting vertical velocities show significant amounts
of up to 1.5 mm/a, especially in the Alpine areas.

Figure 1. Model of height changes from the kinematic adjust-
ment [mm/a]

Release of the new National Height Network of Switzerland LHN95

Schlatter, A., Marti, U. & Schneider, D.

Swiss Federal Office of Topography, Wabern



In an attempt to understand the evolution of the
Alps-Dinarides-Carpathian connection in time and
space, a new tectonic map of the entire system was
compiled. This map was arrived at by integrating
existing geological maps as well as subsurface in-
formation taken from the literature for those parts of
the system that are covered by very thick Mio-
Pliocene (in case of the Pannonian basin) or Mid-
Cretaceous to Pliocene deposits (in case of the
Transylvanian basin). This map serves as a base for
a 2D (map-view) retro-deformation of the various
tectonic units of the system.

The retro-deformation of Mio-Pliocene rotations
and translations in the Alps-Dinarides-Carpathian
system was sketched for the first time by the pio-
neering work of Balla (1987). Many attempts fol-
lowed, including attempts to retro-deform the situa-
tion during Tertiary and/or Cretaceous orogenies
(Csontos & Vörös 2004). There is also a large num-
ber of very differing reconstructions regarding the
opening of the various oceanic domains of Neo-
Tethys, including the Alpine Tethys (e.g. Haas &
Pero 2004). However, all reconstructions showing
Early Tertiary and/or Mesozoic configurations rely on
the retro-deformation of the manifold and interrelated
motions in the entire system in the Miocene to Plio-
cene. The most important of these comprise

(a) the invasion of the Austroalpine-Carpathian-
Pannonian (“ALCAPA”) and Tisza “blocks” into the
Carpathian embayment, accompanied by significant
counterclockwise and clockwise internal rotations,
respectively, and driven primarily by slab-pull and
roll-back of the subducting oceanic slab, propagating
along-strike the Carpathians through time,

(b) the indentation and counterclockwise rotation
of the Adriatic indenter (comprising Southern Alps
and Dinarides), triggering shortening in the Southern
Alps, the exhumation of the Tauern Window and lat-
eral extrusion of the ALCAPA block towards E,

(c) up to 200 km of extension of both the ALCAPA
and Tisza blocks concomitant with their invasion into
the Carpathian embayment, leading to the formation
of the Pannonian basin.

Such a retro-deformation is not available in suffi-
cient detail yet. It is therefore our goal to accurately
reconstruct the pre-Mid-Miocene geometry (pre-20
Ma, i.e. before the onset of rifting in the Pannonian
basin), incorporating recent reconstructions in the
Southern Carpathians (Fügenschuh & Schmid 2005)
and new estimates on the amount of extension in the
Pannonian basin, based on crustal stretching factor
maps (Cloetingh et al. in press).
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In the so-called „Bündnerschiefer“, metasediments
derived from the North-Penninic domain, occur-
rences of Fe-Mg-carpholite indicate HP/LT meta-
morphism under blueschist facies conditions. The
distribution of carpholite in the Swiss Alps is well
known and described from east of the Lepontine
dome, i.e. the Engadine window (Bousquet et al.,
1998) all the way to the Grisons at around Chur and
Thusis and further west to the Safien and Valser
valleys (Goffé & Oberhänsli, 1992, Oberhänsli et al.,
1995, Bousquet et al., 2002). In lithologically and
tectonically similar meta-sediments carpholite has
also been described in the Petit St. Bernard area of
the French-Italian Alps (Goffé & Bousquet, 1997)
and near Visp in the Rhone valley (pers. comm.
Bousquet), i.e. west of the Lepontine dome. Our
study attempts to investigate what happened to the
HP/LT rocks during their thermal overprint by the
amphibolite facies Lepontine metamorphism. The
area around the Luzzone valley (north of Olivone/TI),
situated at the eastern border of the Lepontine, has
been selected in order to investigate this question.

In the Luzzone valley pseudomorphs after car-
pholite are widespread and found in quartz-calcite
veins. These pseudomorphs are characterised by fi-
brous growth of quartz, exhibiting a shimmering sil-
ver-green glance at its surface due to a thin layer
consisting of chlorite and phengite. In thin section
quartz grains are full of inclusions of chlorite,
phengite and paragonite. Often these minerals are
associated together and form needles that replace
Fe-Mg-carpholite. Rarely chloritoid can also be found
in the form of inclusions in quartz-calcite segrega-
tions. Relics of carpholite can be found as hair-thin
fibres within quartz grains. The occurrence of car-
pholite and associated minerals such as phengite,
chlorite and chloritoid indicates P-T conditions
around 13-15 kbar at 380-450 °C, similar to those
found in the Valser and Safien valleys (Oberhänsli et

al., 1995). In the area northwest of Olivone and at
the western termination of the Luzzone valley pseu-
domorphs after carpholite can be found in me-
tasediments that consist of the mineral assemblage
garnet, oligoclase, biotite, margarite and zoisite, in-
dicating amphibolite facies conditions.

Three deformation phases can be distinguished in
the investigated area. D1 structures are only locally
preserved, forming isoclinal folds and an associated
schistosity which is more or less parallel to the sedi-
mentary layering. The commonly widespread fine
and strongly folded quartz veins are oriented parallel
to the axial plane of D1 as previously decribed by
Voll (Voll, 1976). D1 corresponds to the final stages
of the „Ferrera-phase“ (Schmid et al., 1996) and
probably formed during the latest Eocene. D2 is the
most prominent deformation phase found in the Luz-
zone valley. It is characterized by the build-up of a
huge antiform, the Piz Terri-Lunschania antiform,
with a steep SE-dipping axial plane and best corre-
latable with the Oligocene-age „Domleschg phase“
(Schmid et al. 1996). The main foliation in the area is
the product of this D2-straining. Folds and foliations
associated with D2 were refolded by very open back-
folds with moderately NE-dipping axial planes, asso-
ciated with a strong crenulation of D3. A new axial
plane schistosity did only locally develop in mica rich
layers. D3 is associated most probably with the N-
ward thrusting of the northern Gotthard massiv and
its backfolding in the south during the Early Miocene
(„Chiera-synform“, Schmid et al., 1996).

The relationship between metamorphism and de-
formation clearly shows that the HP event predates
D1, or perhaps is syn-D1. In any case, the pseudo-
morphs after carpholite have been refolded by D2
and D3. The amphibolite facies assemblage post-
dates D2 and pre-dates D3: garnet porphyroblasts
grow over the main foliation S2 and were slightly
deformed by D3 crenulation; zoisite is forming non-

Transition from blue schist to amphibolite facies metamorphism –
A case study in the North-Penninic Bündnerschiefer

at the eastern rim of the Lepontine dome
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orientated needles and rosettas on S2 which were
subsequently bent or broken by the following crenu-
lation associated with D3.

We conclude that the North-Penninic Bündner-
schiefer in the east Lepontine dome are showing a
polyphase metamorphic evolution: HP/LT metamor-
phism under blueschist facies conditions has been
later overprinted by the „Lepontine“ Barrovian meta-
morphism. These observations at the north-eastern
rim of the Lepontine dome provide strong evidences
for the former existence of a continous HP/LT belt
situated within the Valaisan domain all the way
across the Lepontine area, connecting the Fe-Mg-
carpholite bearing metapelites of the Grisons and
Engadine window in the east with those in the Rhone
valley and Petit St. Bernard area in the west.
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The pre-Mesozoic basement of the lower Penninic
Gotthard unit (so-called „massif“) of the Central Alps
is only overlain by a thin veneer of its Mesozoic
cover. Most of the so-called „Mesozoic cover of the
Gotthard massif“, however, consists of a large pile of
allochthonous sediments in Helvetic facies, ranging
from Triassic to middle Jurassic age, which as in part
called „Mesozoic sediments of the Gotthard massif“
(Frey, 1967). These sediments can be distinguished
in a northern coherent part, the Scopi zone and in a
disrupted and imbricated southern part, the Peidener
Schuppenzone. The whole pile lies inverted on the
Gotthard massif and its autochthonous cover, the
oldest rocks being found at its top (Etter, 1986). Up
to now the metamorphic conditions for this area were
estimated to be of middle greenschist facies grade.
However, new occurrences of pseudomorphs after
carpholite were found within the Peidener Schup-
penzone, evidencing an earlier HP/LT metamorphic
evolution. This raises again the old question as to
where the original crystalline substratum of the
overturned allochthonous Mesozoic sediments, tec-
tonically juxtaposed with the Gotthard massif s. str.
(i.e. the Scopi zone and Peidener Schuppenzone),
may have to be looked for.

Fe-Mg-carpholite is a common indicator for
HP/LT metamorphic conditions in metasedimentary
rocks and is widespread and well described in the
north-Penninic Bündnerschiefer units (Goffé &
Oberhänsli, 1992; Bousquet et al., 2002). In the Luz-
zone valley north of Olivone/TI quartz-calcite segre-
gations with fibrous quartz growth are interpreted as
pseudomorphs after carpholite. These pseudo-
morphs can only be found in the southern part of the
allochthonous Mesozoic sediments of the Gotthard
massif, i.e. in the imbricated parts of the Peidener
Schuppenzone, where they occur together with al-
most undeformed crinoids. In thin sections of quartz-
rich veins, chlorite, phengite, paragonite and chlori-

toid are associated as inclusions in quartz. This as-
semblage forms needle-like pseudomorphs after
carpholite. Relics of carpholite are rarely found as
hair-thin fibres in the form of inclusions within such
quartz grains. The occurrence of carpholite and as-
sociated phengite, chlorite and chloritoid is evidence
for HP/LT metamorphism at around 13-15 kbar and
380-450 °C (Oberhänsli et al., 1995).

This new evidence of a HP/LT overprint allows a
new interpretation of the position of the crystalline
basement of the allochthonous part of the so-called
„Mesozoic sediments of the Gotthard massif“. These
sediments cannot have been deposited on parts of
the Gotthard massif since there are no evidences for
HP metamorphism to have occurred in the Gotthard
massif. Also its autochthonous sediments are gener-
ally interpreted as the backward parts of the north-
ward thrusted Helvetic nappes. Hence the Gotthard
massif represents the original crystalline substratum
of the Helvetic nappes rather than that of the Scopi
zone and the Peidener Schuppenzone. On the other
hand the basement of the Adula nappe cannot rep-
resent the crystalline substratum of these Mesozoic
slices either, since it shows a different HP evolution
(Löw, 1987) and has remnants of its own autochtho-
nous sedimentary cover. The next internal units
could be found in the Soja and Simano nappes. Par-
ticularly the Simano nappe has a considerable deficit
of Mesozoic cover and could be a good candidate for
this reason. However, while the metamorphic condi-
tions for the Simano nappe are similar in terms of
pressure (11-13 kbar) the temperatures were higher
and at around 500 °C (Rütti et al., 2005).

We conclude that that the allochthonous Meso-
zoic sediments of the Scopi zone and the Peidener
Schuppenzone might originally have been deposited
onto the pre-Mesozoic basement of the Simano
nappe. During Alpine convergence the sediments

Implication for a HP/LT metamorphism in the Mesozoic sediments
of the Gotthard massif
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were first imbricated and partly subducted (Peidener
Schuppenzone), then thrusted in an inverted position
onto the Gotthard massif at a time which post-dates
the detachment of the Helvetic nappes („Substitution
de la couverture“).
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