
The Geology of Continental Collision 

The Southwestern French Alps 

A Six Day Geology Field Course 28th September -5th October, 2019 

Led by Prof. Donny Hutton with Catering and Logistics by Ms Wiz Clift 

Figure 1 Overview sketch map of the Geology of SE France. “C” indicates Cruis. 

Itinerary 

Saturday 28th:--Arrive in Cruis, Haute de Provence. Settle into your accommodation. 
Later, dinner, wine and conviviality at Grosclaude (Wiz’s farmhouse). At the end of the 
evening you will be driven back to your accommodation. 

  



Sunday 29th--A traverse up the Durance River valley between Ganagobie and Sisteron 

a) At Ganagobie, a high viewpoint allows you to see the Durance river terraces/levels (varying in age 
between 3.5Ma to present (Fig.2). These were produced by river downcutting during a combination 
of Alpine tectonic uplift and uplift produced by glacial unloading. 

Figure 2 The Durance river viewed from Ganagobie. The view is towards the east. The good agricultural land on the far 
side of the river lies on a set of river terraces. The high escarpment further east is the edge of the Valensole plateau. 

b) At the hamlet of Les Mees are the cliffs of Les Penitents (Fig. 3). This is part of the escarpment seen 

in figure 2. These cliffs are composed of continentally derived and deposited conglomerates and 

sandstones called the Valensole conglomerates. They are classic examples of molasse sediments 

produced by the erosion of the tectonic uplifting of the High Alps to the north. These sediments were 

transported by the proto-Durance river and deposited here (in the Valensole basin about 5Ma ago 

(Mio-Pliocene). 

Figure 3 The Valensole escarpment and Valensole conglomerates at Les Penitents (Les Mees). 

 



c) Near Volonne we will see folded and cleaved Cretaceous Marnes Gris mudstones overlain 
unconformably by undeformed Valensole conglomerates (Fig.4). This indicates an early age of Alpine 
deformation between the late Cretaceous and the Miocene-Pliocene.  

d) in L’Escale we see deformed Valensole conglomerates indicating a later phase of (post Miocene) 
Alpine deformation. 

  

Figure 4 Folded and cleaved Cretaceous Marnes Gris mudstones are overlain by unfolded Valensole conglomerates with an 
important unconformity between, showing that there was significant deformation before the Mio-Pliocene. 



e) just south of Sisteron both Cretaceous and Miocene-Pliocene are deformed together by large open 
folds. 

f) within the city itself at the Roche de la Baume, a spectacular deformation of Cretaceous limestones 
is seen (Fig.5). 

g) if time, we will visit the Citadel museum in Sisteron.  This is a very historic city with evidence of the 
Roman occupation and their main routeway, the Via Domita. Napoleon’s great good fortune on 
arriving here on his escape from Elba, was that the royalist Mayor allowed him to go through on his 
long march to the north. During the Second World War there was the German occupation, accidental 
bombing of the city and its eventual relief by allied armies on their own long march north. 

Return to Cruis, dinner at Grosclaude 

  

Figure 5 Strongly folded Cretaceous limestones at the Roche de la Baume in the historic town of Sisteron. 



Monday 30th:--Digne Les Bains, a huge fold and a wide age range of Mesozoic 
sedimentary rocks (Triassic-Tertiary). 

a) a roadside stop just outside Digne to see an amazing outcrop of ammonite fossils from the Lowest 
Jurassic (Lias) mudrocks (Fig.6). 

b) a drive up the impressive valley of the Bes River. At the head of the river gorge we will park the 
buses and walk gently upwards on a good, fairly gentle path for about an hour whilst examining 
breccias of the Eocene-Oligocene Molasse Rouge. 

c) at the top there is an abandoned village (Esclangon) with an interesting church and, within, an art 
exhibit. Wild herbs grow in this area and can be freely gathered. 

d) a short, steep, final ascent to a prepared viewpoint which provides an astonishing 300 degree 
geological panorama, where an entire sedimentary sequence is deformed by a very large recumbent 
syncline and is cut by a major thrust. This is one of the best exposed, easily accessible and largest 
tectonic folds to be seen anywhere in the world (Fig.7). 

Also HERE for pictures and footage by Maurice Guidon which shows a rendered and enhanced 
panorama (‘the Velodrome d’Esclangon’). 

e) return to our transport and take a short drive south to some outcrops in woods near the modern 
village of Esclangon. The main Alpine thrust of the region is indicated here by the presence of special 
rocks known as Carngeules. These were originally evaporites; very weak rocks which, in many parts of 
the Alps and elsewhere, are exploited by major thrusts. 

Return to Cruis, dinner at Grosclaude 

  

Figure 6 Large fossil Ammonites in Lower Jurassic (Lias) mudstones near Digne Les 
Bains. 

Figure 7 A very large recumbent syncline in the mountains north of Digne Les Bains as seen from the view point near the deserted 
village of Esclangon. The vertical relief in this view is of the order of 600m and the high point on the horizon is approx.3km away. 

https://www.google.co.uk/search?q=Le+V%C3%A9lodrome+d%E2%80%99Esclangon&rlz=1C1JZAP_enGB714GB714&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiDnM6F


Tuesday 1st :--Geology in the Parc Naturel du Verdon. 

a) a longish drive through a mountain range to the high and isolated Mount Chiran (1905m), set in a 
beautiful upland/mountain area with a sparse population and lots of wildlife. Here we will see complex 
folding and thrusting and will face challenges unravelling the Mesozoic stratigraphy. 

b) near the top of Chiran there is an astronomical observatory which also offers dinner, bed & 
breakfast. We will stay there for the night and in so doing take advantage of the facilities on offer, 
which includes, to no big surprise, access to the stars via an astronomical telescope. No return to Cruis. 
Instead, dinner at the top of Chiran. 

Wednesday 2nd :--Day 2 of the Verdon experience: The Verdon limestone gorges. 

a) we will enjoy the exceptional exposure in the gorges and look at aspects of the structural geology 
and Mesozoic stratigraphy. 

b) we will hear and see something of the amazing and important archaeological history of this famous 
area from a totally safe viewpoint at the top of one of the most precipitous and highest cliffs in Europe. 

c) another, somewhat more relaxing, viewpoint will be the outdoor terrace of an excellent creperie in 
the small village of Rougon which lies high in the hills. Here we will take lunch whilst enjoying a most 
rewarding view of the geology, mountains and valleys in this lovely area of France. 

Return to Cruis, dinner at Grosclaude 

  



Thursday 3rd :--The Pelvoux massif--a somewhat longer introduction is required here.  

Plate Collisional Mountain Ranges/Orogenic Belts the world over can, in very simple terms, be thought of as 
containing two groups of rock which, in the collisional environment, behave very differently from each other. 
They are termed ‘Cover’ and ‘Basement’.  

Cover is basically the soft, weak and more easily deformed material, principally the unmetamorphosed/weakly 
metamorphosed sedimentary rocks (e.g. limestones, evaporites, sandstones, conglomerates. mudstones and 
shales etc.). Such rocks are usually to be found at relatively shallow levels in the Earth’s crust.  

Basement is typically formed of high metamorphic grade rocks (e.g. Schists, Gneisses, Migmatites) and 
intrusive igneous rocks (e.g. granite plutons and basic igneous bodies). The natural environment for the above 
small list of rocks is deep down in the continental lithosphere. Although they are ductile and weak during their 
early history, on cooling and crystallisation they become hard, indurated, dense and, although difficult to 
break, when the tectonic forces are high enough, they fracture spectacularly producing large earthquakes and 
substantial movement on large faults.  

 

So: 

1. Cover is found high in the crust/lithosphere and Basement lies deep 

2. During tectonism the Cover is soft and weak and will fold, form cleavages and 
sometimes undergo faulting 

3. Basement on the other hand is hard and obdurate and is capable of hosting very 
large faults indeed 

4. The Cover rocks are young (in our case Mesozoic and Tertiary), whereas the 
basement is old (in our case the high-grade metamorphism and igneous intrusions 
belong to the Hercynian/Variscan Orogeny (c.395-360Ma) 

5. The boundary between Cover and Basement is basically an unconformity and one 
sometimes observes this  

6. Such is the strength contrast across this unconformity, that later tectonics (such as 
Alpine thrusting) commonly utilise the plane. When the Alpine collision began, the 
cover rocks folded, sometimes on a very large scale, as we will see at Digne Les Bains. 
Sometimes the mud rocks formed cleavage and sometimes faulting of modest 
magnitude occurred. The Hercynian basement simply broke and was fragmented into 
gigantic thrust-bounded slices which were carried up from depth in the continental 
lithosphere and were injected into (or over) the folding cover rocks. In the Alps these 
are called Basement Massifs and there are eight in total. They are huge features, 
covering large areas of the landscape and they are also very thick and form all of the 
highest mountains (e.g. The Mont Blanc Massif). The closest to Cruis is the Pelvoux 
Massif, which is about a two-hour drive to the north. This will be our longest day with 
a somewhat earlier start than usual 

a) We will travel north, as Napoleon did in 1815, through Sisteron, Gap and then onto the road to 
Grenoble, turning off at St. Firmin. (Napoleon continued to Grenoble, and eventually Paris, greeted all 
the way by large crowds of ecstatic, welcoming people (mainly commoners and old comrades in arms, 
the latter including 6 of his famous former marshals who had abruptly resigned their appointments in 
the King’s army in order to come and support him)). Louis himself had fled Les Tuileries and Paris 
several days before. History records that at 9pm on 20th March 1815, Napoleon, leading a large 
entourage of French people (from commoners to the military elite), re-entered the palace once again 
as the de facto emperor of the French. Oh, did not the wine flow that very night! 

b) from St Firmin we will travel east, with high, jagged Alpine peaks made of Hercynian basement on 
either side, along the narrow Valle de Valgudimar and look at a series of excellent roadside exposures 
over the next 16km. 

c) we begin by seeing low metamorphic grade Lower Jurassic limestones and calcareous mudstones 
dipping gently eastwards. 



d) near Le Sechier, these rocks are overlain by Hercynian Basement rocks along an inferred Alpine 
thrust contact. This is possibly a Basement/cover contact probably turned upside down by thrusting. 

e) on the official geology map of the area these basement rocks are (correctly) recorded as 
‘Amphibolites’ (metamorphosed basic igneous rocks, in this case originally dolerite). However, the 
original French survey geologists seem to have failed to appreciate that these amphibolite rocks are:- 

1. uniformly medium to fine grained and  

2 are not homogenous igneous intrusions but rather are made up of dozens/hundreds of 
parallel-sided sheets (mainly steep dykes) with thicknesses between 50 cm and 2 metres. 

Doleritic rocks of this grain size, which are constructed of numerous small dykes, are found in the 
Oceanic Crust of the Earth and when they are found in the continental crust (usually brought there by 
thrusting) they are termed ‘Ophiolites’. So we will be looking at a previously unrecognised Hercynian 
(Carboniferous) ophiolite in the French Alps. 

f) Further east in both outcrop and as boulders in the river bed, other high grade metamorphic 
(Basement) rocks can be seen. These include metamorphosed granites, granitic gneisses and 
migmatites. (Figs. 8&9). 

Figure 8 Augen Gneisses of Hercynian age (c.300Ma) in the Pelvoux Massif. 

Figure 9 Strongly deformed Hercynian granitic gneisses, Pelvoux. 

Return to Cruis, dinner at Grosclaude 

  



Friday 4th:--The last day, a more gentle wind-down day with only modest distances to 
be travelled. 

a) in the morning a visit to the nearby Calcaires de Mourres (Eocene), where there are structures which 
may be Stromatolites (Fig. 10). 

b) we will then travel to the nearby historic town of Forcalquier (‘The Four Queens’) for shopping, 
lunch etc. 

c) finally, a visit to the ethno-musee at Salagon, famous for its ancient abbey with a replica of a Middle 
Ages medicine garden and an excellent book/gift shop. Our final night in Cruis and our final dinner at 
Wiz’s. 

Saturday 5th:--leave Cruis, farewell to Wiz and our team. 7 

Figure 10 Strange, possibly Stromatolitic, structures in outcrops of the Calcaires de Mourres near Forcalquier 


