EARS1053 Structural Geology

Rob Butler 

Subalps Practical.

An analysis of structures in the external Alps

http://earth.leeds.ac.uk/subalps
This practical runs via the Nathan Bodington Building. You can access the material via the module news and practical information in the 1053 site, or direct via the URL above (or via the “learnstructure” site). After completing the exercise you should get feedback via the related “Subalps mcq” and de-briefing notes that will be loaded up after the practical. 
Aims: This exercise is designed to allow you to use minor structures in understanding geometry and processes. It will also give you a chance to practice plotting and retrieving data on stereonets. 

Background: Subalpine chains and outlying Jura hills represent the outer parts of the French Alps. These notes provide a basic guide and a task check-list but all the information is available via the website. You can print off diagrams from the web for you own hard-copy notes BUT YOU ARE ADVISED TO SKETCH OUT THE STRUCTURES YOURSELF. The background info on the web provides additional information – don’t forget to check it out.

Tasks: These divide into different areas. You can tackle the exercises in any order, but they are organised here from south to north.

Chartreuse

This area of the Subalps lies close to Grenoble. This site gives an insight on thrust geometries. You should investigation how the stratigraphy and stratigraphic changes influence thrust geometry (e.g. check out which units make flats). Check out how conglomerates have deformed. 

Use the thermal data to find the maximum temperature experienced by these rocks. If you assume a thermal gradient of 30C per km, how deep were these rocks when they were deforming?

Voreppe thrust

The following table contains structural data along the Voreppe Thrust.

 FAULT SURFACE (strike-dip)

STRIATION (plunge/azimuth)

 337 - 09NE                              08/109

 042 - 26SE                              20/092

 021 - 30SE                              30/108

Plot these on a stereonet – estimate the mean thrusting direction:

St Christophe fold

Use the cross-section through the Chartreuse, to deduce the type of fold here.

This fold structure has formed in the hanging-wall to a thrust. You can see the nature of a bedding plane here. Other bedding planes have the following orientations

(strike-dip) - 038-20SE, 019-86E, 196-46W, 192-80W, 030-16SE. 

Use these to deduce the orientation of the fold hinge line. (Plot a stereogram).

The bedding planes have striations on them. 

One of the photographs shows a bedding surface oriented 192-80W, with striations pitching 80 degrees N. Relate this to the fold hinge line.

Do you think this fold was accommodated by flexural slip, flexural flow or tangential longitudinal strain?

Corbel section

This area contains a bunch of small-scale faults developed in the hanging-wall to a main thrust.

Fault plane

striation 

036-38SE 

plunging 22 degrees towards 098

358 - 48E 

pitching 70 degrees S on the fault surface.

172-66W, 

 pitching 84 degrees S.

Plot these and deduce the thrusting direction (use the photographs too).

Grand Som

Outcrops here give access to one of the major thrusts in the Chartreuse.

What type of fault rocks lie along it?

The main fault plane has been measured in two places:

          1.  fault surface 032-44SE, striations plunge 42 towards 099

          2. fault surface 034 -26SE, striations plunge 22 towards 110.

Plot these and deduce the thrusting direction

Chartreuse synthesis.

Compare the thrusting direction for the three sites in the Chartreuse. How does the hinge line of the St Christophe fold relate to this direction?

Bauges

The Bauges is the next line of hills north of the Chartreuse. This area is covered in a display cabinet on red-route (with pop-up map!). See how the structure is displayed in the landscape. You can also see large-scale fault geometries – confirm that they are thrusts using the map and photographs. What is the critical evidence for thrusting?

Bornes to Bugey

You already have studied the structural geology of this area – in the previous “Bornes” virtual practical and in other exercises. So we need not spend too  much time here. However, you can see that different parts of the stratigraphy deform in different ways. Comment on the facing and vergence of fold pairs to compare with other parts of the Subalps. What is the facing and vergence of the fold pair seen at Sallanches? 

How does the syn-tectonic temperature vary across the regional section? Why?

Morcles

This area contains a fold –thrust complex, the along-strike continuation of the French Subalps into Switzerland. Notice large panels of overturned rocks.

Contrast the conglomerates in the overturned with the normal (right way-up) limb of the major structure. We will deal with quantifying distortions in week 8. But you should be able to deduce the direction of maximum stretching seen in the conglomerates for the overturned limb. Tertiary conglomerates - seen by looking down on the bedding plane. The bedding plane is oriented 309 - 34N with the pencil pointing towards 130. In which direction are the conglomerate clasts stretched?

Which way does the major fold face?

How does the “minor” fold relate to the major fold (i.e. does it have the predicted vergence consistent with units position on the major fold)… so what is its vergence and which way does it face?

What temperature did the Morcles nappe deform at? Compare you result with the one you obtained for the Chartreuse. Why do you think they are different?

Some synthesis questions

On the basis of your studies here of the Subalps, which of the following features seem to be enhanced by the stratigraphy being composed of alternating thick (incompetent) shales and thick (competent) limestones? 

On the basis of your studies - which features are likely to be enhanced by being developed at significant depths/higher temperatures? 

