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Subsurface structures in the Chablais Préalpes:
New tectonic interpretations of the Préalpes Médianes

nappe based on palinspastic lengths

GILLES D. BOREL! & JON MOSAR?

Kev words: Préalpes Médianes. Chablais, palinspastic width, tectonics. thrusting, structure. imbricates

ABSTRACT

In an intergrated approach based on palinspastic reconstruction of basin width
at the latest Liassic. on present-day surface structure. and on knowledge of
the depth of the basal décollement. we propose a new solution for the structu-
ral geology of the Chablais Préalpes south of Lake Geneva. Applied to the
whole nappe. this combined approach allows to construct qualitative balanced
cross sections and to overcome the inconsistencies between cross-sections pro-
posed in the past. Our approach results from sedimentological investigation
and basin analysis of the Préalpes Médianes realm. Comparing the ideal basin
width with the observed bed length, the importance (length) of hidden imbri-
cates at depth can be deduced. In the Cornettes de Bise area of the Swiss Cha-
blais. we propose to introduce two important. so far unknown, imbricates

subsurface structures. This new solution is consistent with palinspastic basin
width and structural geology. and proposes a mechanism explaining the high
structural/topographic relief.

RESUME

Nous proposons ici une nouvelle interprétation de la géologie structurale des
Préalpes médianes du Chablais au Sud du lac Léman. au travers d’une analyse
qui integre tout a la fois des données sur la largeur palinspastique du bassin au
Toarcien, sur la structure tectonique actuelle et sur la connaissance de la pro-
fondeur de décollement basal de la nappe. Cette approche combinée. appli-
quée a I'ensemble de la nappe. nous permet de construire des coupes qualitati-
vement balancées et ainsi de résoudre I'incohérence subsistant entre les
coupes proposées par le passé et les résultats des investigations sédimentolo-
giques et d'analyse de bassin du domaine considéré. Ces derniers parametres
permettent encore de déduire I'importance des structures imbriquées en pro-
fondeur en comparant la largeur idéale du bassin a la longeur observée des
bancs. Pour la région des Cornettes de Bise dans le Chablais suisse. nous pro-
posons ainsi d’introduire deux écailles, jusqu’ici inconnues, pour remplir
I'espace entre le plan de décollement basal de la nappe et les structures de
subsurface. Cette nouvelle solution, en accord avec la largeur palinspatique du
bassin et avec la géologie structurale de la nappe. explique le mécanisme a
I'origine de ce haut structural et topographique.

Introduction

The Préalpes are formed by tectonic klippen along the outer
arc of the French and Swiss Alps. They are made up of a series
of nappes of which the most important one is the Préalpes Mé-
dianes nappe (Briangonnais in origin). This nappe detached
from its homeland during its incorporation into the orogenic
wedge. and was subsequently emplaced towards the N-NW
onto the foreland during and after the Early Oligocene (Mosar
1997; Mosar et al. 1996; Stampfli et al. 1998 and references
therein). Most of its tectonic and all of its very low-grade meta-
morphic features were acquired during the incorporation of
the Brianconnais terrane into the Alpine accretionary wedge
between 45 and 27 Ma (Jaboyedoff & Cosca 1999; Mosar
1988). The tectonic development, however, continued after the
emplacement on the foreland and is still active today (Mosar
1999; Stampfli et al. 1998).

Since the pioneering work of Schardt, at the turn of the 20"
century, the understanding of the structure and paleogeogra-
phy of the depositional realm of the Préalpes Médianes has
tremendously evolved. The most recent progress has been ob-
tained by approaches combining and integrating research re-
sults from structure, sedimentology, stratigraphy and plate tec-
tonic reconstruction (Mosar et al. 1996; Septfontaine 1995;
Stampfli et al. 1998).

Most studies have concentrated on the near surface geolo-
gy and only few studies have adressed the problem of the de-
tailed geometry of the Préalpes Médianes at depth. Recent re-
search results from the study of the deep structure of the Alps
(PNR20, Pfiffner et al. 1997b) and data from seismic studies
(Burkhard & Sommaruga 1998; Erard 1999; Pfiffner et al.
1997b; Sommaruga 1997, 1999; Vollmayr 1992) have led to
a new understanding of the global structure of the Préalpes
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Simplified geological map of the Préalpes Médianes
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Fig. 1. Simplified geological map of the Préalpes Médianes
(Chablais Préalpes and Préalpes Romandes) and distribu-
tion of main sedimentary realms. (a) Sedimantary realms
as defined by the latest Liassic paleogeography and locati-

on of major profiles discussed. Profiles i. ii. ii see Fig. 3.
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substratum especially in the western and eastern parts of the
Préalpes romandes. A detailed investigation in many parts of
the Préalpes remains, however, to be done.

Herein we propose a new structural model for the subsur-
face geology of the Chablais Préalpes. South of Lake Léman.
The tectonic and palinspastic reconstructions discussed here-
after are based on the latest Liassic paleogeography. since the
main basin structures were formed during the Liassic synrift
basin development of the Brianconnais passive margin (the
maximal extension or basin width was reached during this pe-
riod).

Our goal is to discuss and resolve some major issues in the
structural cross sections proposed for the Chablais Préalpes.
The very high structural relief in the area S of Lake Léman is
not explained satisfactorily by recent models (see Mosar et al.
1996; Septfontaine 1995), especially with respect to the struc-
ture at depth. Present-day uplift rates and earthquake activity
as well as post-emplacement tectonics (post-Oligocene) were
explained by basement tectonics involving the formation of
new basement nappes at depth (Mosar 1999). However, these
models account only for a small part of the excess structural re-
lief, therefore we propose here a new approach to reconstruct
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nformation. see explanation in text for the lengths of
sector A.

the structure at depth of the Préalpes Médianes nappe in the
Chablais area. In the western Préalpes Médianes where almost
complete sections of the whole depositional realm are avail-
able (Borel 1997; Mosar 1991). when information about the
depth of the detachment is taken into account, new constraints
on the subsurface structure appear.

1) Geological setting

Based on their large scale tectonic style, the Préalpes Médi-
anes nappe is subdivided into two main portions: the frontal
Médianes Plastiques, formed by large fault-related folds and
imbricates, and the trailing Médianes Rigides, mainly devel-
oped as large imbricates (Lugeon & Gagnebin 1941; Mosar
1991; Mosar et al. 1996: Plancherel 1979). The age of the sedi-
ments forming the Préalpes Médianes ranges from Triassic to
Eocene. Sedimentary rocks are mainly dolomites, limestones
and shales. The main décollement surface over which the
Préalpes Médianes have been thrusted and folded is located in
the Triassic evaporites (Baud 1972). The geodynamic evolu-
tion of the Préalpes Médianes nappe is associated with the
geo-history of the Brianconnais microcontinent (Mosar et al.



1996; Stampfli 1992). The Préalpes Médianes developed in a
rim basin setting along the northern margin of the Alpine
Tethys (Mosar et al. 1996; Stampfli 1992). The main rifting
phase corresponds to the opening of the Alpine Tethys during
Liassic times. From sedimentological studies of that period
(Borel 1997) a simple picture arises, showing similar facies
over large areas. Following the Upper Triassic Dolomies
Blondes which were uniformly deposited, the subsequent Lias-
sic paleogeography was mostly controlled by three paleofaults
induced by the rifting of the Alpine Tethys. The maximum ex-
tension of the Préalpes Médianes depositional realm was
reached at the end of this main rifting event, and our recon-
structions are based on the basin paleogeography at this time
(Fig. 1 and 2).

A detailed discussion of the regional geology and tectonics
is beyond the scope of this paper and the reader is refered to
Badoux & Mercanton (1962), Baud & Septfontaine (1980),
Borel (1997), Mosar (1997), Mosar et al. (1996), Septfontaine
(1995) and references therein.

2) New constraints from surface geology and subsurface
structure

In order to unravel the subsurface geology of the E-NE

Chablais Préalpes Médianes and understand the high structur-

al relief in this area, we combined information from:

- new basin analysis and sedimentology

- new Liassic paleogeography and palinspastic reconstruc-
tion

- structural geology of folds and thrusts as deduced from sur-
face data

- new information on the present-day depth to the basal
detachment of the Préalpes Médianes.

2.1) Palinspastic reconstruction:

Based on extensive fieldwork, informal Liassic formations
were defined using sedimentological criteria (Borel 1997).
Good control on depositional environments was established by
the study of microfacies. The general picture, from external to
internal regions (present-day NW to SE) at Domerian time, is
a central crinoids grassland bounded by two slightly deeper
zones caracteristed by the deposition of spongolites. Notably
no slumps or turbidites are recorded within the Liassic forma-
tions. Few crinoidal resediments in the spongolites, with local
extension only, are known, suggesting very low slope angles
(estimated <3°). These slopes correspond to transition zones
between formations. The same succession of transition zones
can be recognized throughout all of the Préalpes Médianes
nappe, and paleofaults are identified below these zones. No
lateral (SW-NE) transitions between formations exist along
strike of the 160 km long nappe. Consequently, the Liassic pa-
leotopography was almost flat and formations thickness con-
trolled by the passive growth of the faults (Fig. 2). Given the
regularity of the distribution of the Liassic sediments through-

out the Préalpes médianes, we postulate that the Liassic
palinspastic width is constant along the strike of the nappe.

Major paleofaults named Chateau d’Oche-Corbeyrier,
Bordiere and Rianda-Stockhorn and repectively and chrono-
logically labelled 1, 2, 3, define five sectors — A to E — from
West to East (Fig. 1,2 and 3). Sector A corresponds to the ex-
ternal portion of the thrust belt. The frontal thrust surfaces
break to the surface and portions of unknown extent have
been eroded away. Therefore Bordiere fault does not exactly
correspond to the thrust/basin front, but rather to the present
day most external outrcrop of the Préalpes médianes. For ex-
emple, West of Locum an imbricate of sector A , «écaille A» of
Badoux (1965), is overridden by the rest of the nappe adding
extra length to sector A along this profile. This imbricate is
eroded on the Locum-Bise section presented below. Erosion
combined with intricate imbrication (see also Mosar 1994)
make it therefore difficult to evaluate the exact dimensions of
the external sector A.

Sector width was determined by restoring bed length.
Restorations were done by measuring layer length parallel to
bedding in folded/thrusted profiles (Fig. 1c). This simple pro-
cedure (restored bed length before deformation equals pre-
sent-day bed length after deformation) is justified since inter-
nal deformation in the Préalpes Médianes is very small (Mosar
1989). The longest sectors are taken as reference width for a
given sector and the cumulative lengths of the widest sectors
yield the maximum palinspastic reference basin width. The
length of missing portions in a given profile can thus be deter-
mined by substracting the observed/measured length from the
ideal maximum reference length (Fig. 2 ¢). The largest cumula-
tive basin width is thus about 42 km. The stratigraphic thick-
ness of the Préalpes Médianes plastiques averages 1500 m
from Liassic to Tertiary and 1000 m thick on sector B (Borel
1995).

In order to determine the width of the palinspastically dif-
ferent sectors we have investigated five sections in the
Préalpes Médianes nappe (Fig. 1). Three sections are dis-
cussed in greater detail: The Caux-Tour d’At section (refer-
ence section, Fig. 1 and 3 c) modified from (Badoux 1965;
Mettraux & Mosar 1989). This section shows the best and
longest outcrop exposure of sectors A, B and C in the whole
nappe, due to the incision of the Rhone Valley. The Locum-
Cornettes de Bise section (Fig. 1 and 3 b) is modified and com-
pleted from Septfontaine (1995) and Girod (1995). This sec-
tion presents a topographic high and the shortest present-day
horizontal width of sector B (see Fig. 1) and a well exposed
sector C. The subsurface cross-section shows a retrodeformed
2.5 km long sector B. Considering the conservation of the
palinspastic length, 7.5 km are missing in sector B, compared
to the reference section. The Monts d’Hermone-Roc d’Enfer
section (Fig. 1 and 3 a) is modified from Plancherel et al.
(1998). Map information and field studies allow us to con-
strain a restored 8.5 km long sector B. In that case only 1.5 km
are missing. Two sections in the Eastern Préalpes Romandes
were used for comparing sector widths.
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(a) General palinspastic model of the Préalpes Médianes
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Fig. 2. Palinspastic and tectonic reconstruction models for the Préalpes Médianes. (a) general palinspastic section of the Médianes Plastiques and Rigides depo-
sitional domains: (b) Ideal palinspastic reconstruction for the Médianes Plastiques and Rigides domains at the end of the major rifting event (latest Liassic). The
three major paleotectonic (synsedimentary) normal faults are shown: (¢) Conceptual model for balancing and reconstructing the “unknown™ subsurface structu-
re based on information from paleogeography and surface geology by adding known lenghts and comparing them with the ideal length.
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2.2) Tectonic structure:

The structural geology of the Préalpes in general (Mosar 1997;
Mosar et al. 1996; Plancherel 1979 and references therein) and
of the Chablais Préalpes Médianes (Badoux & Mercanton
1962) in particular has been discussed extensively since the ad-
vent of thrust tectonics (Masson 1976). In order to construct
balanced cross sections that are tectonically viable, informa-
tion about fold and thrust geometry is necessary. New detailed
subsurface profiles in the Cornettes de Bise area have been
discussed by Septfontaine (1995) and Girod (1995). A new sec-
tion based on the new geological map in the Chablais Préalpes
(Plancherel et al. 1998) and detailed maps (Rappaz et al. 1996)
have also been included in our discussion.

The structural style in the Préalpes Médianes is dominated
by large scale folds developed in association with thrust-faults
and tectonic imbricates of variable importance. All faults and
thrusts are rooted in the main décollement surface. The whole
of the Préalpes Médianes (Plastiques and Rigides) are de-
tached above this basal décollement in the Triassic evaporites
(Baud 1972). The present-day depth to this basal décollement
and its topography is a key element for reconstructing bal-
anced/viable sections of the Préalpes Médianes.

From recent studies this basal detachment is known to be
located near sealevel, and to exhibit a rather flat geometry in
the eastern part of the Préalpes romandes near Thun (Erard
1999: Pfiffner et al. 1997a; Vollmayr 1992). This corroborates
results from Mosar (Mosar 1991) based on a balanced cross
section.

Interpretation of seismic data from the Lake Geneva -
Rhone valley area of the Préalpes also suggest a rather shallow
(sca level) present-day basal décollement surface in the frontal
sector of the Préalpes (Sommaruga 1999; Steck et al. 1997).

Unpublished data from seismic studies in the Cornettes de
Bise in the Swiss Chablais (survey PSBR 8801-8805, recorded
1983 Prakla-Seismos, operator BEB Erdgas & Erdol) and
borehole data (from the E end of Lake Geneva - BEB Erdgas
& Erdol) indicate the same depth to the main detachment
(seismic lines and borehole data are deposited at the Musée
géologique de Lausanne). This depth of the basal décollement
is in agreement with reconstructions in the Préalpes Romandes
North of the Rhone river valley (Mosar 1994, 1997).

In the Swiss Chablais, the top of the Triassic sequence
(~ 100 m thick) outcrops at an altitude of 1800m in the anti-
cline N of the Cornettes de Bise (Fig. 3 b). while beneath the
Mont Gardy and the Col de Verne the same Triassic is proba-
bly at an average altitude of 1000 m. This rather high elevation
of the basis of the Préalpine series causes the high structural
relief in this area. Thus there is a difference in altitude of some
1000 meters to be “filled” with Préalpine rocks, unknown from
surface geology in the area (below C Fig. 3 b).

The transition from the Préalpes Médianes Plastiques to
the trailing Préalpes Médianes Rigides is in most places ob-
scured by the overlying Nappe Supérieure. It is further compli-
cated by out-of-sequence thrusts cutting through the whole

nappe pile (Mosar et al. 1996) as well as the underlying Ultra-
helvetics (Jeanbourquin et al. 1992). Similar out-of-sequence
thrusts are also cutting through the Préalpes Médianes Plas-
tiques (N of Tours d’Ai - Fig. 3 c¢: Rianda-Stockhorn fault and
N of Mt. Lenla - Fig. 3 b; and possibly at Rocher de la Motte,
Chateau d'Oche-Corbeyrier fault, Roc de la Savine and Roc
de I’'Enfer — Fig. 3 a). These faults have been linked to the de-
velopment of imbricates in the authochtonous basement
(Mosar 1999). The basal detachment must therefore be affect-
ed by these thrusts and show important changes in its topog-
raphy. Though this can be very important such as under the
Sarine valley East of Montreux where the basal décollement
varies by as much as lkm (Mosar 1997), the variations in
topography in the section from the eastern Chablais are less
important (Fig. 3). Integrating the new sections into a larger
framework of the frontal geometry of the Alps is beyond the
scope of this paper.

3) A new structural solution for the N Chablais Préalpes

Combining the data from different disciplines we can propose
a new solution for the deep structure of the Chablais Préalpes
Médianes, which is most spectacular beneath the Cornettes de
Bises — Gramont area of the N Chablais.

Locum-Cornettes de Bise section (Fig. 3 b): Our model
proceeds by filling the subsurface volume of rocks between the
base of the surface of sector C and the basal detachment. At
least three partly hidden imbricates (B1, B2, B3) with a total
length of 7.5 km are required to explain the subsurface struc-
ture in a viable way. This allows us to solve the following fea-
tures: the unusually high altitude of the Cornettes de Bise mas-
sif, the steep to overturned orientation of the axial surface of
the Mont Gardy syncline and its reverse fault (resulting from
imbrication) shown here for the first time. Our model implies
an intranappe thrust of the sector C on top of sector B over a
distance of more than 7 km. The development of the duplex
structure involves the reactivation of the Chéateau d’Oche-Cor-
beyrier paleofault. To the west the duplex structure is bounded
by the sinistral Bonnevaux strike-slip fault. To the east the
whole nappe pile is separated from the Préalpes Médianes Ro-
mandes by a major intranappe strike slip fault parallel to the
Rhone river (Mosar & Borel 1992).

A similar solution with duplexes at depth has been pro-
posed. based solely on structural constraints, in the Médianes
Rigides domain in the easternmost Préalpes Romandes along
a SSE-NNW profile from Twierihorn-Hohmad (Mosar 1991).
The 8 km of missing section of sector C form the eastward ex-
tension of sectors known further westward, and therefore are
expected to be found S of the Simme valley, beneath the pre-
sent-day position of the Médianes Rigides.

Monts d’Hermone-Roc d’Enfer section (Fig. 3 a): NW of
Terramont towards Mont Forchat and the nappe front, strati-
graphic logs (Borel 1997; Peterhans 1926) show a westward

Subsurface structures in the Chablais Préalpes 311
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Fig. 3. Cross sections through the Préalpes Médianes Plastiques. (a) Section i: SW Chablais Préalpes. (b) Section ii: area of highest structural relief in E Chablais

Préalpes. (¢) Section iii: major reference section along the Rhone river valley in the Préalpes Romandes: New proposed structure at depth (imbricates B1. B2 and

B3). Location of sections see Figure 1.

thinning of the pre-Pliensbachian formations. A similar evolu-
tion is recorded along the reference section Caux-Tour d'Af.
No detailed geological and structural maps exist to date for
that region where vegetation is dense and outcrops are sparse.
Due to the lack of data we cannot propose a viable subsurface
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structure model for this area of sector A. However, the size of
sector A, in a first approximation, is equivalent to the sector A
of the reference section. The available information does not
contradict the constant basin length hypothesis.



The sector B constructed on surface geology is 8.5km long.
To obtain the reference palinspastic width, 1.5km need to be
added to the sector B. The Rocher de la Motte anticline with
its reverse fault is the most likely location to add that missing
length of beds. Adding a new, 1.5 km long imbricate (B2) in
this triangular shaped position will result in a flattening of the
basal detachment at depth, underneath the Rocher de la
Motte. Triangular zones of this kind typically develop in fore-
land fold-and-thrust belts in areas where forward and back-
ward thrustings interfer. Similar geometries have been de-
scribed in the Jura mountains (Sommaruga 1999). Sector C is
not well exposed along this profile and its total width remains
difficult to evaluate. We cannot exclude that a trailing portion
of this imbricate may have been cut off by the overriding Brec-
cia nappe.

4) Conclusions

In our interpretation of the structure of the Préalpes Médianes
nappe we draw on independent data from different fields of
geology to reconstruct imbricates at depth.

From information on the palinspastic width and thickness
of sedimentary realms we propose ideal maximum basin
widths for the latest Liassic. Several different sectors are de-
limited mainly by large syn-sedimentary normal faults. We use
the information on a maximum basin width to compare with
observed restored lengths along different cross sections, and
determine the completeness of the sectors (what bed-length is
missing?).

The present-day tectonic surface structure and information
from the depth to the basal detachment, as well as the average
sediment thickness, determine the total volume (surface on a
cross section) of rock above the main décollement. Qualita-
tively balancing the section (in order not to leave void space)
thus requires introducing new imbricates at depth. Their posi-
tion is also deduced from the palinspastic reconstructions and
missing “basin portions”.

We combine these two types of information to infer the po-
sition and length of hitherto unknown imbricates at depth. Our
new interpretation of the geological structure at depth in the
W Chablais Préalpes, shows the existence of one or two impor-
tant tectonic imbricates in the Médianes Plastiques domain.
The new solution satisfies criteria from sedimentology and pa-
leogeography, as well as structural geology, and by proposing a
doubling of the sedimentary series by imbrication, provides an
explanation for the high structural relief observed in the
Chablais, especially in the Cornettes de Bise - Gramont area.
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