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■ ABSTRACT
The Besançon highway bypass project, known as the “Voie des Mercureaux”, 
crosses in and out of what is referred to as the Besançon bundle, composed of folded 
and faulted Triassic and Jurassic formations. Many geological and geotechnical 
studies have depicted this site’s complexity. A detailed geological mapping between 
two successive road structures, over a distance of approximately 500 m through 
the core of the Mercureaux anticline, will be proposed herein as a means for both 
accurately localizing fault lines and estimating the infl uence of evaporitic levels from 
the Triassic period on the stability of the road alignment and structures. Andetailed 
fi eld study has allowed to establish a precise stratigraphic log for identifying the 
various marly units present within the project area, as well as to map a large 
surface area in order to better understand the geological confi guration within this 
short valley. The geological map produced is based on a synthesis of existing data 
(bibliography, geotechnical studies) along with a combined fi eld and laboratory 
investigation (analysis of geological facies, dip and direction measurements, 
paleontology, analysis of boreholes and logs). A detailed knowledge of this sector’s 
geological confi guration yields reliable data for designing road structures and layout, 
in addition to detecting geological traps such as faults, duplex and micro-duplex, 
which are capable of generating instabilities, and the presence of shallow gypsum 
deposits capable of inducing (potential) collapses.

Élaboration d’un modèle géologique de structure anticlinale 
complexe : contribution aux études géotechniques d’un tracé 
routier et de ses ouvrages d’art (voie des Mercureaux, Besançon, 
est de la France)
■ RÉSUMÉ
La partie du contournement de Besançon nommée voie des Mercureaux 
traverse de part en part le faisceau bisontin, composé de formations triasiques 
et jurassiques plissées et fracturées. De nombreuses études géologiques et 
géotechniques soulignent la complexité du site. Une cartographie géologique 
détaillée entre deux ouvrages d’art, sur une distance d’environ 500 m au cœur de 
l’anticlinal des Mercureaux, est proposée, afi n de localiser précisément les failles 
et d’estimer l’infl uence de niveaux évaporitiques du Trias sur la stabilité du tracé et 
des ouvrages. Une étude de terrain de détail a permis, d’une part, d’établir un log 
stratigraphique précis afi n de pouvoir identifi er les différentes unités marneuses 
présentes et, d’autre part, de cartographier une surface importante afi n de 
comprendre l’organisation géologique au sein du vallon. La carte géologique 
établie est fondée sur la synthèse de données existantes (bibliographie, études 
géotechniques) ainsi que sur un travail de terrain et de laboratoire (analyse de 
faciès, mesures de pendages et de directions, paléontologie, analyse de forages 
et de diagraphies). La connaissance détaillée de l’organisation du secteur permet 
de disposer de données fi ables pour le dimensionnement des ouvrages et du 
tracé, et rend compte des pièges géologiques comme les failles, duplex et micro-
duplex, pouvant générer des instabilités, ainsi que la présence de gypse à faible 
profondeur pouvant induire des montées de fontis.

Development of a geological 
model describing a complex 
anticlinal structure: Contribution 
to the geotechnical studies on 
a road layout and engineering 
structures (the Mercureaux project 
in Besançon – eastern France)
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INTRODUCTION

The “voie des Mercureaux” road project constitutes the city of Besançon’s (eastern France) southern 

ring-road. This 2-by-2 lane layout begins from a segment of the RN 273 national highway located 

northwest of the town of Beure. The alignment chosen then crosses over the NR 83 highway, 

traverses the Bois du Peu zone and the Mercureaux Valley, before connecting with local departmental 

road 104 at the level of the town of Vèze, ultimately reaching the NR 57 national highway in the 

small village of Trou au Loup, which lies southeast of the town of Morre. The regional Ponts et 

Chaussées laboratory (LRPC) based in Autun has been conducting geotechnical studies on this 

portion of the Besançon bypass project on behalf of the Doubs Departmental Public Works Offi ce 

(DDE 25).

The research work presented herein will focus on a section of this voie des Mercureaux, more 

specifi cally the part lying between structures 6 (denoted OA6) and 7 (OA7), both of which are two-

way, two-lane structures (see Fig. 1; the OA6-1 segment has already been built). This section is 

divisible into several earthworks structures: a 7-m deep land cut, one embankment and two mixed 

cut/fi ll profi les, one of which features a height of 22 meters.

Within the zone lying between the two structures (OA6 and OA7), outcropping conditions are 

mediocre, in both quantity and quality terms, due to the type of substratum (primarily marl), the 
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presence of dense vegetation and a weathering cover layer; it thus proved necessary to extend beyond 

the confi ned study boundary to understand the inherent geological confi guration. An examination 

of these formations, at various scales (borehole and log analysis, facies and microfacies analysis, 

paleontological and micropaleontological determinations, dip recordings), provides new information 

as regards geometric composition in the Mercureaux Valley. Building a geological/geotechnical 

model serves to design the two structures under the best possible conditions as well as to assess the 

entire set of parameters that infl uence road alignment stability. In particular, it becomes possible to 

specify the polarity of layers, the position and orientation of faults as well as the eventual presence 

of gypsum deposits and the potential instabilities they can provoke.

GEOLOGICAL CONTEXT OF THE BYPASS PROJECT

The Jura Range is an arched chain of mountains with a lateral extension reaching some 350 km, 

positioned to the northwest of the Swiss Molasse Basin. The study zone is located in the Outer Jura 

chain (Fig. 2), composed primarily of Jurassic sedimentary formations where relatively-undeformed 

tabular sections (plateaus) alternate with severely-folded and fractured, narrow elongated strips 

(bundles). The Besançon bundle constitutes one of these strips, as distinguished by folds and thrusts 

(see Fig. 2). At the level of this study zone, the bundle is oriented N045 and bounded to the northwest 

by the Besançon Plateau and to the southeast by the Montrond Plateau (Fig. 3). The deformations 

experienced have resulted from slaking, at the time of Alpine upheaval during the Cenozoic Era, of 

the entire Mesozoic series on the permo-carboniferous substratum via the Triassic clay-evaporitic 

series [2]. The Outer Jura was thus formed as a sequence of three commonly-accepted phases [3-6]:

• a north-south directed compression from the Eocene Age formed the preliminary structure of the 

Jurassic platform;

• during the Oligocene Age, an east-west rifting resulted into the creation of Bresse and Rhine 

basins as well as small basins caused by internal collapses;

• the sudden deformation undergone during the Miocene Age, along a southeast-to-northwest 

compression. This third phase is manifested by the formation of bundles separated by plateaus. The 

major meridian faults running through the sector at this point induced a leftward strike-slip motion, 

which allowed the panels to slide, thus defi ning a tectonic «relay» style for the Jura Mountains. 

According to paleo-magnetic recordings, this translation movement occurred without any signifi cant 

rotation of the structures [7].

The geological formations encountered within the study zone, except for weathering levels located 

at the surface, are all sedimentary and primarily of marine origin. They have been dated from 

both the Triassic and Jurassic periods (from Keuper to Aalenien). Put succinctly, the studied series 

reveals, subsequent to the peneplenation of the Hercynian range, the presence of an epicontinental 

sea. The variations in facies observed indicate fl uctuations in sea level from continental and/or 

coastal (Trias) environments overlain by transgressive levels, corresponding to very shallow 

carbonated sedimentation (sinemurian gryphea-rich limestone), in order to reach basin sedimentary 

environments submerged under several hundred meters of water (paper schist and clayey pelite 

from the Toarcian Age). The sea then withdrew at the end of the Secondary Period when the Alps 

Mountains began their upheaval.

STUDY METHODS

The terrain composing the study zone (road alignment between OA6 and OA7 markers, see Fig. 1) 

includes formations extending from the Triassic to the base of the Toarcian Ages. The subsoil 

composing the substratum geologically in place contains marl for the most part and is positioned 

underneath a clayey weathering layer capable of extending 3 meters, which covers the entire study 

zone. The outcroppings tend to be rather mediocre in terms of extension and quality; it was shown to 

be impossible to generate a continuous log cut of the studied geological series. The fi rst step in this 
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fi gure 2 (p. ci-contre)
Structural map of the Jura 

Region and vicinity, as 
adapted from Chauve [1]
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work program consisted of defi ning with as much precision as possible a litho-stratigraphic series 

based on data drawn from the literature and previous geotechnical studies.

The series adopted for this study combines several sources: a geological map of Besançon to the 

1/50,000 scale [8], Blaison et al. [9] for the Lower Lias and Carixian, Contini and Martin ([10]; it 

should be pointed out that the authors of this study relied upon a cartographic survey conducted at 

the 2,000th scale by a geologist with the Autun LRPC), along with the fi eld observations performed 

for this research. One useful complement may be found in Meyer et al. [11], who provided a 

thorough litho-stratigraphic description of the Ain Trias and Lias (the region around Champfromier, 

whose localization is shown on Fig. 2), which offers an element of comparison despite the important 

distance between the two sites: facies descriptions, macro and micro fauna in most instances yield 

a very strong analogy even though paleogeographic contexts may differ (thereby inducing eventual 

facies variations and distinct unit thicknesses). The litho-stratigraphic log adopted herein is shown 

in Figure 4.

The limited density of outcroppings available in the valley has complicated the creation of a map 

with a scale of precision adapted to the infrastructure being introduced. In order to better understand 

how the valley is organized geologically, it became necessary to extend beyond the delimited study 

zone, i.e. the alignment between OA6 and OA7, and to defi ne the geology of the entire Besançon 

bundle in the region of Beure.

The methods used to construct the map entailed a synthesis of existing data (bibliography, 

geotechnical studies) along with an detailed fi eld and laboratory study (geomorphology, analysis 

of facies and microfacies, dip measurements, determination of layer polarity, paleontology and 

micropaleontology, borehole analysis, and geophysics).

The facies analysis consists of characterizing elements composing the collected representative 

samples (depictive elements, type of cement). The consolidated rocks (limestone, sandstone, 
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dolomite) were sawed and then analyzed using a binocular magnifying glass. The loose rock (marl, 

clay) were washed, dried and then sieved. The various sieve residue could then be analyzed using a 

binocular magnifying glass. The extraction and determination of microfossils in the various sieve 

residual quantities enabled dating the samples.

The primary geophysical method employed in this research is the natural radioactivity (NR) log. 

This NR log is a measurement of the total natural gamma radiation emitted by radioactive particles 

(potassium, uranium and thorium). In general, radioactive potassium gets detected during the 

measurements (except in cases of uranium or karstic clay deposits, which entrap the radioactive 

minerals). Radioactive potassium is essentially contained in clays; it may also be found in some 

rocks and loose deposits highly concentrated in potassium minerals [12].

Measurements are conducted by means of a probe introduced into the borehole either dry or not, 

with or without a casing; this set-up contains a sparkle counter that records, for an appropriate 

listening time and tool retrieval speed, the number of radioactive particles emitted [13]. Results are 

presented in the form of a curve, called a log curve, indicating the number of radioactive particles 

emitted, expressed in blows per second (bps/s), vs. borehole depth. This method turns out to be 

relatively cheap and allows the recording of several hundreds of logged meters per day, thus making 
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it possible to utilize destructive borehole testing, which generally proves diffi cult when implemented 

for geological applications.

In practice, comparing relative log shapes ultimately serves to derive geological correlations from 

one borehole to the next, as well as to monitor the lateral evolution in formations and calculate their 

dips. For the OA4 design on the “voie des Mercureaux” infrastructure for example, the geological 

model was made feasible primarily through the use of NR data [14]. Within the geological context 

of the Mercureaux Valley, the low concentration in radioactive minerals corresponds with either 

limestone or sandstone, while the relatively high concentration corresponds with clays. The 

occurrence of very weak radioactive emission levels might eventually correspond with gypsum.

This fi eld approach, conducted in tandem with a bibliographical search and laboratory study, has 

made it possible to assemble, on the basis of a map of outcroppings, an interpretative geological 

map encompassing the entire Besançon bundle with a total land area coverage of around 8 km². In 

the valley at the level of the road alignment, this map was produced at a 1/500th scale.

Moreover, since the site contains a locality of historic signifi cance, regarding the notion of fault fold 

as a complex tectonic structure defi ned by Glangeaud [15, 16] (Fig. 5), a kinematic modeling set-up 

was introduced in order to update the model implemented for the Besançon bundle at the level of the 

voie des Mercureaux infrastructure. Results will be presented in an upcoming article [17].

STUDY RESULTS

In the following discussion, a description and interpretation will be provided of the outcroppings 

encountered along a path leading from OA6 towards OA7, i.e. on average in an east-to-west 

direction.

■ The "Bois du Peu” Tunnel at the Mercureaux stream

From the head of the Bois du Peu Tunnel on the valley side until reaching the Mercureaux stream 

(Location 1 on Fig. 6), an inverse polarity series belongs to the Bois du Peu tectonic fl akes of 

Glangeaud [15, 16]. The geological formations encountered, lying northwest-to-southeast, are 

Toarcian marls [19] and then the Pliensbachian marls (Lower Domerian had been identifi ed to the 

immediate north of the Mercureaux stream).

From a structural point of view, this inverse polarity series corresponds, according to the defi nition 

set forth by Glangeaud ([15, 16], Fig. 5), with the northern limb that has overfl owed and fl aked from 
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the Mercureaux anticline. Bièvre and Mercier [17] propose that these tectonic fl akes like chips from 

isolated thrusts (or duplex) formed during structural organization of the Besançon bundle.

■ Profi les 135 through 139
The Mercureaux stream is located at the level of the Montfaucon fault, which is a thrust fault with 

a south-to-southeast dip valued at approximately 45 to 60 degrees at the surface (see Fig. 6). One 

can observe, in the south-southeast direction, Sinemurian age levels in reverse polarity, with a dip of 

approximately 60 degrees heading southward (Fig. 6). By following the alignment in the direction 

of the Fontain Tunnel, both Rhaetian and Upper Keuper formations are traversed, with the latter 

being characterized by clays of a color resembling wine dregs. While pursuing the path towards 

OA7, Profi le 139 (Location 2 on Fig. 6) is found; this profi le displays abnormal contact between the 

Triassic wine dregs clays and the Liassic gray marls. The fauna association collected within these 

last levels confi rms the Liassic age of the outcropping formations (Belemnites from the Lower 

Pliensbachian and Ammonites from the Middle Pliensbachian, including Amaltheus margaritatus 

[Location 3 on Fig. 6]).

On the basis of these observations, the Triassic through Sinemurian levels encountered herein 

constitute a fl ake (i.e. a duplex). This interpretation is strengthened by borehole observations: a 

fault crack observed in a borehole (core sample SC136-1, Location 4 on Fig. 6 [20]) separates the 

streaked Keuper marls (below) from the gray Pliensbachian marls (above). Identifi cation of this 

tectonic contact reveals a northward dip, which suggests the potential presence of a normal fault 

inherited from the Oligocene rifting phase.

Natural radioactive (NR) borehole logs at the OA6 level were derived, in the pressuremeter drills 

at the level of the planned supports, during both the preliminary geotechnical studies and design 

studies [21, 22]. The location of borehole test sites and the position of engineering structures are 

shown in Figure 7.

An analysis of the OA6 logs indicates the infeasibility of correlating borehole results among one 

another (Fig. 7). Since surface layer dipping lies between 45 and 60 degrees directed southward, it 



Montfaucon Fault

projected

projected

Natural ground

projected

Mercureaux 
Stream

dips observed on the surface

fi gure 7
NR logs at the level of 

OA6, modifi ed after Valfort 
[21, 22]. The logs are 

projected onto an axis that 
corresponds to the OA6-1 

axis

11BLPC • n°267 • april/may/june 2007

would appear that the boreholes are not necessarily close enough to each other to allow for overlap 

and to yield borehole-to-borehole correlations. This fi nding does however allow stating that the dip of 

deeper layers is apparently the same as at the surface. Furthermore, log measurements offer valuable 

indications on the lithological variations encountered on both sides of the Mercureaux stream: clayey-

marly formations dominate over the northern part (i.e. a high number of blows per second (bps/s), 

Fig. 7), whereas to the south they are primarily represented by alternating layers with high and low 

clay content, which is characteristic of Rhaetian and Sinemurian formations (see Fig. 4).

■ Profi les 139 through 153

Along the layout of the construction site access road heading eastward, the formations that can 

be observed within the embankment are composed of strictly Pliensbachian levels (Carixian and 

Domerian). Upper Lotharingian Age levels are presumed but could never be formally identifi ed. 

Given the outcropping conditions, it would be very diffi cult to determine an organization of these 

deposits; their dips may be observed and measured both in the Mercureaux stream and on the site 

access road, yet no outcropping is visible in between the stream and road. It does appear however, 

according to dip recordings, that the general structure of this unit corresponds with an antiform 

swedging in an easterly direction (see Fig. 6).

Nonetheless, it is obvious that this marly strip, bordered by two thrust faults to the north and south, 

displays a rather complex confi guration. Many indices, both at the outcropping and in the borehole, 

suggest that several vertical strike-slip faults cut this Liassic strip. It would be diffi cult to specify 

their number or their orientation, yet fi eld recordings would indicate that strike-slip movements have 

been inherited from a regional tectonic phase and are oriented N160°. These “tearing” faults are 

created when the compression can no longer be accommodated laterally under the same conditions. 

This type of accident is consistent with the “relay” style of regional tectonics and, as an example, 

such deformation at other scales has also been identifi ed in this same region, e.g. faults separating 

the various fl akes of Bois du Peu, the Pontarlier fault (marked “FP” on Fig. 2), the Vuache fault 

(“CHF” on Fig. 2), the Mouthe fault or even the Morez fault (Fig. 2).

To the south, this Liassic strip is bounded by a very thin (1 m) and thrusting Sinemurian bar 

(Location 5 on Fig. 6) with reverse polarity. The polarity inversion is indicated through the fi lling 
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of Gryphaea shells by internal sediment (Fig. 8a): the microscopic analysis of these shells leads to 

observing geotropic fi gures and determining S
0
 with certainty (stratifi cation and polarity at the time 

of sedimentation, Fig. 8b). It would therefore seem that this overlapping bar constitutes the actual 

northern limb of the Mercureaux anticline.

Lastly, at the level of Profi le 153 (Location 6 on Fig. 6), the embankment on the construction site 

access road makes it possible to observe the heavily-fractured Sinemurian limestone beds, with a 

45-degree southeastern dip, in reverse polarity. The presence of these limestone formations indicates 

the crossing of a senestral strike-slip fault (a tearing fault) that seems to be oriented roughly N160° 

(Fig. 9). It should be pointed out that the site access road embankment at this very spot has already 

slid (see the embankment on Fig. 9). This phenomenon is to be reconciled with both the simultaneous 

presence of Rhaetian marls lying in a very unfavorable position (see below) and the accident that 

caused instability conditions. Beyond this accident lies a normal polarity series. The organization of 

this sector, with its variations in dips and sizable polarities over short distances, indicates an intense 

deformation corresponding to the tearing fault diagram (Fig. 10).

■ Profi les 153 through 162
Once Profi le 153 has been surpassed, a “classical” anticlinal confi guration is once again observed. 

The Sinemurian levels are in normal polarity, with a 0-5 degree dip, in alignment with OA7 (see 
Fig. 6). By virtue of a northward direction, the dip in the layers increases very quickly, i.e. moving 

from 10 degrees to 45 degrees towards the north while at the same time descending the slope 

heading towards the Mercureaux stream (see Fig. 6). This evolution in dips, which corresponds 

with topographical changes, therefore indicates the geomorphological control of this sector.

At this particular spot, the embankment on each side of the site access road reveals schistoid marls 

in a very unfavorable position at the level of Profi le 156, with a 45-degree dip northward, i.e. in the 
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same direction as the natural ground slope. It proves very diffi cult to date these marls simply based 

on fi eld observation: it had initially been considered that they correspond with Toarcian schistoïd 

marls, i.e. deposited in a setting like an embankment or basin under several hundred meters of water 

(Fig. 4). The Triassic Age however gets revealed from a detailed analysis of facies.

– Avicula contorta was identifi ed in micaceous sandstone levels, evidence of the Rhaetian Age.

– The presence of plant and bone debris levels plus a bone bed with fi sh fl akes attests to an 

environment of submerged deposits or even a continental environment.

– It is possible to observe sandstone levels, a few centimeters thick, containing structures in a 

micro-tepee pattern; this formation would be due to the synsedimentary drainage and slaking of 

algae covering (swelling produced at the time of degassing stemming from the degradation of 

cyanobacteria organic matter) and/or levels of high gypsum content.

All these observations coincide to interpret these schistoid marls as emerged to submerged Rhaetian 

facies, deposited within a sebkha-type environment.
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At OA7, the morphological analysis of this sector, featuring the passage of a small stream, could 

suggest the presence of an accident aligned with the current trough (Fig. 6). The geotechnical 

investigation campaigns yielded NR logs over several boreholes; the corresponding locations are 

shown on Figure 11. A log analysis serves to correlate all of the boreholes against one another 

(Fig. 11): a stratigraphic continuity can be identifi ed on both sides of the stream. The dips observed 

are approximately 15 degrees northeasterly, which is in total agreement with surface observations 

at this particular spot. No fault-type accident would thus be present here that could incite a series 

offset on each bank of the stream. A photo-interpretation study conducted by the LRPC laboratory 

in Lyon [24] has shown however the possibility of increased subsidence where the stream passes. 

This subsidence must then be reconciled with the presence of Keuper period evaporitic marls over a 

shallow depth (Triassic levels were identifi ed at a depth of 25 m at the level of OA7 and evaporites at 

a depth of 40 m; derived from borehole section cuts performed by Valfort [25, 26]). These gypsum 

levels could eventually cause stability concerns (due to eventual collapses).

DISCUSSION

The observations and analyses performed for this research effort have enabled advancing the state 

of knowledge on the geology of this particular sector, which is in large part due to the multitude 

of geotechnical studies required in selecting the alignment and design dimensions for the road 

structures [44, 19-22, 24-28]. Given the relative dearth of outcroppings (i.e. a site principally 

composed of marl, with abundant vegetation and the systematic presence of a weathered cover), 

only the information provided by boreholes and excavation work has been able to generate reliable 

geological data.

An interpretative geological map of the Beure-Fontain-Vallon sector of this Mercureaux zone, 

which cuts through the entire Besançon bundle at the level of Beure (Fig. 12a), is proposed as new 

input. This map differs slightly from the one established by Dreyfuss and Kuntz [8], by virtue of the 
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quantity of newly-collected information during the road alignment study. It is now possible to specify 

layer polarity as well as the position and orientation of accidents for the whole valley. An analysis 

of this map, corroborated using a digital elevation model (DEM), has highlighted the very strong 

correlation between sector morphology and the various geological units identifi ed (Fig. 12b).
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From a structural perspective, the defi nition of a predominantly-Triassic duplex, isolated within 

Liassic formations, at the level of the Montfaucon fault (aligned with OA6, Figs. 6 and 12) is 

not compatible with a dynamic interpretation as a folded fault [15, 16]. On the other hand, this 

classical geometry of overlap conditions relates perfectly to a situation of decollement tectonics. 

This notion is reinforced by the observation, at Profi le 152 (Fig. 13, Location 7 on Fig. 6), of series 

repetition phenomena involving Carixian Belemnites-rich limestone beds, which serve to defi ne 

“micro-duplex” geometries. At the same spot, identical geometries are found in a borehole, at a 

depth of 8 m (core sample SC152-4 [20]). The directions recorded at the outcropping indicate a 

thrust of material towards the east and/or northeast. Subsequent to this observation, it becomes 

highly likely that bed-on-bed sliding (along stratifi cation joints) had indeed occurred, leaving 

apparent thinning or excess thickening of the series encountered throughout the valley, and more 

specifi cally within this Liassic strip. This feature also complicates the generation of a stratigraphic 

log with controlled thicknesses. Such observations at the outcropping scale, coupled with the 

identifi cation of tearing faults (which separate Bois du Peu fl akes, see Figure 12; faults within 

the valley, Figs. 6, 9 and 10) favor placement of the Besançon bundle according to a decollement 
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dynamic without any involvement of the bedrock, as opposed to the opinion of Glangeaud [15, 16]. 

Bièvre and Mercier [17] will propose, with the help of kinematic modeling based on the principles 

of decollement and balanced section cuts, a revision of the Besançon bundle placement diagram in 

the region of Beure. This effort will give rise to an updated tectonic diagram at the time of drilling 

for the Bois du Peu Tunnel project. Similar modeling work, which is in agreement with the principle 

of balanced section cuts, has already been conducted in other Jura bundles [6, 29].

It would also appear that the northern limb of the Mercureaux anticline is not positioned at the 

level of the Mercureaux stream, but instead at the base of the Sinemurian bar in reverse polarity 

(see Fig. 8). Without drastically altering local geology, this observation refl ects the magnitude of 

differential lateral deformations (in accommodating deformation) along the anticlinal structure 

axis. These deformations arise due to strike-slip tearing faults (Figs. 6, 9 and 10). Observed 

simultaneously with micro-thrusts (bed-on-bed sliding, micro-duplex; Fig. 12) and schistoid marls 

disadvantageously positioned (dip in the same direction as slope), these structures strengthen the 

notion of potential instability within this sector.

Unfavorable dips, lying primarily between Profi les 152 and 157, might cause stability problems for 

the road alignment, which moreover cuts through two zones where gypsum has been identifi ed at 

deeper levels (from Profi le 134 to 140, then from Profi le 152 to 160).

CONCLUSION

The geotechnical reconnaissance campaigns performed to design engineering structures OA6 and 

OA7 and the road alignment between these two structures, in association with a fi eld and laboratory 

study program, have made it possible to defi ne in great detail the complex geology of the Mercureaux 

Valley. The geological map proposed has provided new information regarding valley organization, 

in addition to helping establish a revised tectonic model for the Besançon bundle setting. This effort, 

conducted using a set of tools from fundamental geology, offers valuable assistance in building a 

reliable geotechnical model, as regards both road alignment and engineering structures, including 

the Bois du Peu Tunnel.

Knowledge of regional geology, i.e. at the scale of the Besançon bundle setting, constitutes a vital 

step in producing a reliable interpretation of observations performed at the outcropping, hence at 

the scale of the civil engineering structure. This work has underscored the need to rely upon several 

approaches when geological conditions prove diffi cult and to comprehend geology at several scales 

in order to extract the maximum amount of information required to set up infrastructures.

ACKNOWLEDGMENTS

The author is deeply grateful to Professor Roland Wernli (University of 
Geneva) for the determination of Rhetian and Toarcian microfacies and 
microfossils. Thanks are also addressed to Dr. Stéphan Jorry (University 
of Geneva) for the information provided on micro-tepee deposits and 
many suggestions for improving this article, as well as to Mr. Pierre 
Azémard (Aix-en-Provence regional LRPC laboratory) for the very 
instructive discussions held on geophysical methods in general and on 
NR in particular, as background to this research. The author would also 
like to express gratitude to Mr. Jean Lebrun, a geologist with the DDE25 
Offi ce, for the fi eld visits and discussions on Besançon area geology and 
to Mr. Jean-Pierre Rajot (ENTPE Public Works Engineering Institute, 
Vaulx-en-Velin), who also contributed to editing the article.



18 BLPC • n°267 •april/may/june 2007

REFERENCES 

1 CHAUVE P., Jura, Guides géologiques régionaux, 
Masson, Paris, 1975, 216 pages.

2 HINDLE H., BESSON O., BURKHARD M., “A model 
of displacement and strain for arc-shaped 
mountain belts applied to the Jura arc”, Journal of 
Structural Geology, 22, 2000, pp. 1285-1296.

3 TSCHANZ X., Analyse de la déformation du Jura 
central entre Neuchâtel (Suisse) et Besançon 
(France), Eclogae Geologicae Helvetiae, 83, 
n degrés 3, 1990, pp. 543-558.

4 LACOMBE O., ANGELIER J., Évolution tectonique du 
Jura externe au Cénozoïque et perturbations de 
contraintes dans la Zone Transformante Rhin-
Saône, C. R. Académie des Sciences de Paris, 
317, série II, 1993, pp. 1113-1120.

5 HOMBERG C., ANGELIER J., BERGERAT F., LACOMBE O., 
Nouvelles données tectoniques dans le Jura 
externe : apport des paléocontraintes, C. R. 
Académie des Sciences de Paris, 318, série II, 
1994, pp. 1371-1377.

6 MARTIN J., MERCIER E., Héritage distensif et 
structuration chevauchante dans une chaîne 
de couverture : apport de l’équilibrage par 
modélisation géométrique dans le Jura nord-
occidental, Bulletin de la société géologique de 
France, 167, 1996, pp. 101-110 (erratum p. 194).

7 GEHRING A. U., KELLER P., HELLER F., 
“Paleomagnetism and tectonics of the 
Jura arcuate mountain belt in France and 
Switzerland”, Tectonophysics, 186, 1991, 
pp. 269-278.

8 DREYFUSS M., KUNTZ G., Besançon, in Carte 
géologique de la France au 1/50 000, BRGM ed., 
1968.

9 BLAISON J., BONTE A., CONTINI D., MAILLARD C., 
MOUTERDE R., Le Lias inférieur et le Carixien du 
Jura bisontin (1re partie : études stratigraphiques) 
– Révision de la coupe de Miserey-Salines 
(Doubs), Ann. Sci. Univ. Besançon, 3e série, 
fasc. 18, 1973, pp. 313-339.

10 CONTINI D., MARTIN J., Liaison RN57-BD Ouest. – 
Étude stratigraphique, commentaire géologique, 
document DDE 25, 1987.

11 MEYER M., MEISTER C., WERNLI R., Stratigraphie 
du Lias de Champfromier (Ain), Géologie de la 
France, 1, 2000, pp. 47-57.

12 CHAPELLIER D., Diagraphies acquifères, Cours 
online de géophysique, Univ. Lausanne et IFP, 
2001, 127 pages. (http://www-ig.unil.ch/cours/)

13 CRIPPS A. C., MCCANN D. M., The use of 
natural gamma log in engineering geological 
investigations, Engineering Geol., 55, 2000, 
pp. 313-324.

14 MAURIN P., Viaduc des Mercureaux : étude de 
la fondation d’un ouvrage d’art exceptionnel au 
droit d’une faille majeure du Faisceau Bisontin, 

Bulletin des laboratoires des ponts et chaussées, 
233, 2001, pp. 77-86.

15 GLANGEAUD L., Le rôle des failles dans la 
structure du Jura externe (pincées, failles-plis 
et gouttières), Bulletin de la société d’histoire 
naturelle du DOUBS, 51, 1944, pp. 17-33.

16 GLANGEAUD L., Réunion extraordinaire dans 
le Jura franco-suisse, Bulletin de la société 
géologique de France, 6 (I), 1951, pp. 763-872.

17 BIÈVRE G., MERCIER E., Les écailles du Bois du 
Peu (Jura externe) : retour sur la notion de faille-
pli, Bulletin de la société géologique de France, 
in preparation.

18 GUTTIEREZ T., Étude cartographique du secteur 
Beure-Fontain, Mémoire de Maîtrise de Géol. 
Appliquée, Université Franche-Comté, Besançon, 
2000.

19 BOUGUET P., BIÈVRE G., Tunnel du Bois du Peu : 
étude géologique du sondage SCH2000, 
synthèse géologique de la tête vallon (Doubs), 
Rapport du CETU, janvier 2001.

20 ROCHE A.-L., BIÈVRE G., Voie des Mercureaux, 
rocade sud de Besançon, section entre OA6 
et OA7 : étude géotechnique de niveau projet, 
Rapport LR Autun n° 14 941, 2005.

21 VALFORT S., Voie des Mercureaux OA6-1 voie 
montante : étude géotechnique de phase APS, 
Rapport LR Autun n° 10 204 D1, 1999.

22 VALFORT S., Voie des Mercureaux OA6-2 : étude 
géotechnique de phase EPOA – Rapport LR 
Autun n° 15 551, 2003.

23 DAHLSTRÖM C. D. A., Structural geology in 
the eastern margin of the Canadian Rocky 
Mountains, Bulletin of Canadian Petroleum 
Geology, 18, n° 3, 1970, 332-406.

24 POTHÉRAT P., Contournement de Besançon, Voie 
des Mercureaux : étude structurale par photo-
interprétation appliquée à la recherche d’indices 
de cavités souterraines, Rapport LR Lyon 
n° H/36403, février 2004.

25 VALFORT S., Voie des Mercureaux OA6-2 voie 
descendante : étude géotechnique préliminaire, 
Rapport LR Autun n° 10 204 D2, 2001.

26 VALFORT S., Voie des Mercureaux OA7 : étude 
géotechnique de phase projet, Rapport LR Autun 
n° 17 203, 2005.

27 AUTUN LR., Besançon – Voie des Mercureaux, 
Rapport d’étude géotechnique du LR Autun, 
n° 94/4839B, 1994.

28 VALFORT S., Voie des Mercureaux OA7-1 et OA7-
2 : étude géotechnique de phase avant-projet, 
Rapport LR Autun n° 10 204, 2000.

29 MEYER M., Structure du « diapir » de 
Champfromier (Jura, Ain, France), Eclogae 
Geologicae Helvetiae, 93, 2000, pp. 221-229.


