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Type of Activity: Data analysis exercise. Can be done in class or as homework.

Summary:

Students use vertical and horizontal X-ray slices through a sandbox model of a thrust belt  to interpret the 3-D geometry of faults.  They produce a geological map (with the appropriate symbols) and two cross-sections.

Context 

I have used this  exercise in both the required undergraduate Structural Geology course and in graduate classes such as Advanced Structure and Basin Analysis.  This exercise should be done after discussing the geometry of fold-and-thrust belts. The students should already be able to draw simple cross sections and should know something about how geological maps are made. This exercise can be adapted to works at several levels of complexity. Undergraduates benefit from the experience of making a geological map, and practicing drawing cross sections. Graduate students are better equipped to appreciate the relationship between fault spacing, sedimentary thickness and the resulting geometry of the thrust-belt.

Goals of the Activity or Assignment

The goals of this exercise are multiple:

1. To illustrate the geometry and linkage of faults within a thrust belt in 3-dimensions.

2. To go through the process of making a geological map. In this case the x-ray image serves as a surrogate for an ideal aerial photograph or satellite image.

3. To practice drawing cross-sections.
.
Description

Visualizing the internal structure of thrust belts is difficult even to the professional geologist. Reading maps and creating valid cross-sections require years of experience. X-ray tomography of analogue experiments gives access to the complete structure, facilitates visualization, and helps develop intuition for interpreting real structures on the basis of field or seismic data. 

This exercise uses vertical and horizontal slices through a sandbox model of a thrust belt acquired using a medical x-ray scanner to allow the students to work out the 3-D geometry of faults in the synthetic thrust-belt. The students are given a selected horizontal slice (map) and two vertical slices (cross-sections). The faults appear as dark lines due to attenuation of the x-rays caused by  dilation in the fault zone. 

The students are asked to color the maker beds and to trace the faults in all the slices. Their products are a geological map (with the appropriate symbols) and two cross-sections. Then they are asked to interpret a third vertical slice using their map and cross sections as a guide. Finally they are shown the entire model through sequential slices. 

This particular sandbox experiment was chosen because it illustrates several subtle aspects of thrust-belt evolution. Students of different levels will get different things out of it.  In this model the sand layers are thicker at one end of the box than at the other. Because fault spacing is controlled (among other things) by layer thickness, fewer faults and a narrower thrust belt form at the thin end of the model. Although overall shortening is constant, the end result is a curved thrust belt which is simple at one end and complex at the other. Faults die out laterally and displacement is partitioned in different ways. 

The exercise attached bellow is the version for graduate students. It can be easily simplified for undergrads. It is best to print the x-ray images at 11x17.

Evaluation 

The students are evaluated in terms of the correctness of their interpretation and the workmanship of their products. 
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Thrust Faults in 3-D

Goals: 

1. To understand  the relationship between a geological map and cross sections. 

2. To understand the how thrust faults can change along strike.

3. To see how shortening is accommodated in different portions of a fold and thrust belt.

In this exercise you will use a portion of a 3-dimensional data block of a sand box experiment. These data were acquired with an X-ray scanner at the Institut Francais du Petrole (IFP). This particular experiment was done by horizontal shortening of the sandbox in order to simulate a fold-and-thrust belt. In this model  basement is progressively deeper along strike (the sand layers are thicker at the south end of the box).  This change in thickness of the sedimentary sequence  leads to changes in the spacing of thrust faults across the model and to curvature of the fold traces.

Your hand-out shows from top to bottom:

Cross section C-C’. This is a cross-sectional view of the north end of the block.

Map (Horizontal Slice). This is a view of a horizontal slice through the X-ray data block along the horizontal line shown on the cross sections. So this is equivalent to a geological map of this fold-and-thrust belt. Your task will be to complete this geological map by plotting the stratigraphic units, the faults and bedding attitudes.

Cross section B-B’. This is the topographic profile for a cross section through the middle of the block.

Cross section A-A’. This is a cross-sectional view of the south end of the block.

Instructions:

1. Color the two cross sections using a different color for each of the three stratigraphic units.

2. Highlight the faults in red. Add arrows to show the sense of displacement. Notice that there are both fore-thrusts and back-thrusts.

3. Color the stratigraphic units on the map using the same colors as the cross section.

4. Overlay a piece of tracing paper on the map. Make a complete geological map. Show the following :

a. All stratigraphic units colored beautifully and with the contacts inked in.

b.  Faults marked with their appropriate symbols. 

c. Anticline and syncline axes. 

d. Show strike and dip symbols where you can estimate them.  

5. Label all the faults on the map from west to east using A, B, C, etc.

6. Put the same fault labels on the cross sections.

7. Make a cross section for profile B-B'

8. Restore all the cross sections and calculate shortening for each one.

Address the  following items in a short write up:

1. Describe the variation in structure from north to south.

2. Is there a link between the changes in the stratigraphy and the changes in the structure.

3. How does shortening change from north to south?

4. Make a  table of fault vs. fault slip for each of the cross sections.

5. Briefly describe how shortening is accommodated across the thrust belt.
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