Exercise 2:  Geologic Structures

Geology Lab 111         Name______________________________________________________

Objectives: 
· Learn what causes rock to deform or break

· Learn the names of basic geologic structures

· Learn how to visualize geologic structures in 3-D

· Learn about the brittle-ductile transition in the crust
Why Rocks Break or Deform

Rocks break or deform under stress.  Stress, technically speaking, is a force applied over a given area.  Pressure and stress are actually the same thing.  Your hand pressing down on the table is exerting stress (or pressure) on the table (and the table pushes back and deforms your hand!).  The change in shape an object under stress experiences is called strain.
1) Think about chewing gum.  Under what conditions could you make it more difficult to stretch or squish?  What makes it softer?  What causes it to break?
2) Now, think about rocks in relation to chewing gum.  Obviously, rocks are harder, but under what conditions would they soften?  Why would they break?
3) Generalize what you have thought about in relation to the strength of rocks (or of any solid).  What variables (conditions) control whether they are soft or hard or if they would break?

4) Draw pictures in the space below of a solid cube being deformed.  Use arrows to show the stress that is being exerted on the cube to make it deform.

5) What are real geological examples of breaks occurring in rocks?

6) How would you apply the terms plastic and brittle to what you learned above?

8) Now, go back to question 3.  The general conditions, or variables, that cause solids to break or deform change with depth in the Earth.  Draw a simple picture that illustrates how those conditions change from the surface down into the Earth.

9) In the drawing you just made, draw a line that separates where rocks break from where rocks deform.  What geologic structures would not be found below this line?
Names of Basic Geologic Structures

For this section, you are going to make very simple drawings of real structures.  Use the computers or a text book to look up the following:  normal fault, reverse fault, strike-slip fault, detachment fault, anticline, and syncline. You need to label each of your drawings with the name of the type of geologic structure for your own reference.  I recommend that you draw just a 2-D view of every geologic structure shown at this point.  Use the boxes below for each of your drawings.  In each drawing, show fat arrows indicating the direction of stress that created the structure you are drawing and write the name of the stress in the box.



3-D Views of Geologic Structures
In the space below, draw examples of a normal fault, reverse fault, strike-slip fault, and anticline/syncline pair in 3-D.  You should show what the land on the surface might be like over these structures, showing the mountains, hills, and valleys in relation to the structures underneath.  You also need to draw arrows showing the stress that created these structures.  There are no boxes provided because you might want lots of space for your drawings.
The Brittle-Ductile Transition in the Crust

Read the following article and answer the questions that follow.



 HYPERLINK "http://seismo.berkeley.edu/annual_report/ar02_03/node21.html" 
[image: image2]

 HYPERLINK "http://seismo.berkeley.edu/annual_report/ar02_03/node1.html" 
[image: image3]

The Evolution of the Seismic-Aseismic Transition during the 
Earthquake Cycle: Constraints from the Time-Dependent Depth 
Distribution of Aftershocks 
Frédérique Rolandone, Roland Bürgmann and Robert Nadeau 

Introduction 
We have demonstrated that aftershock distributions after several large earthquakes show an immediate deepening from pre-earthquake levels, followed by a time-dependent postseismic shallowing (Rolandone et al., 2002). We use these seismic data to constrain the depth variations with time of the seismic-aseismic transition throughout the earthquake cycle. Most studies of the seismic-aseismic transition have focussed on the effect of temperature and/or rock composition and have shown that the maximum depth of seismic activity is well correlated with the spatial variations of these two parameters. However, little has been done to examine how the maximum depth of seismogenic faulting varies locally, at the scale of a fault segment, with time during the earthquake cycle. 

The mechanical behavior of rocks in the crust is governed by frictional behavior and at greater depth by plastic flow. The coupling between the brittle and ductile layers and the depth extent and behavior of the transition zone between these two regimes is a fundamental question. Mechanical models of long-term deformation (Rolandone and Jaupart, 2002) suggest that the brittle-ductile transition is a wide zone where deformation is caused both by slip and ductile flow. Geologic observations (Sibson, 1986; Scholz, 1990; Trepmann and Stockhert, 2002) indicate that the depth of the seismic-aseismic transition varies with strain rate and therefore is also expected to change with time throughout the earthquake cycle. The maximum depth of seismogenic faulting is interpreted either as the transition from brittle faulting to plastic flow in the continental crust, or as the transition in the frictional sliding process from unstable to stable sliding. The seismic-aseismic transition therefore reflects a fault zone rheology transition or a more distributed transition from brittle to ductile deformation mechanisms. 

Results 
We investigate the time-dependent depth distribution of aftershocks in the Mojave Desert. We apply the double difference method of Waldhauser and Ellsworth (2000) to the region of the M 7.3 1992 Landers earthquake to relocate earthquakes. Time-dependent depth patterns of seismicity have been identified in only few previous studies (Doser and Kanamori, 1986; Schaff et al., 2002) and never quantified. This was mainly due to the problem of the accuracy of the hypocenter locations. Accurately resolving depth is the most challenging part of earthquake location. With new relocation techniques, we can investigate the time-dependent depth distribution of seismicity to reveal more intricate details in the patterns of deformation which take place during an earthquake cycle. 

In this study, we focus on quantifying the temporal pattern of the deepest aftershocks. We calculate the d95%, the depth above which 95% of the earthquakes occur, and we also calculate the d5%, the average of the 5% of the deepest earthquakes for a constant number of events. We compare our results with the same statistics for the Hauksson relocations (catalog from Hauksson (2000) with a vertical error cutoff of 1.5 km). We specifically investigate (1) the deepening of the aftershocks relative to the background seismicity, (2) the time constant of the postseismic shallowing of the deepest earthquakes. Figure 18.1 shows the time-dependent depth distribution of seismicity for the Johnson Valley fault that ruptured in the 1992 Landers earthquake. Our analysis reveals a strong time-dependence of the depth of the deepest aftershocks. In the immediate postseismic period, the aftershocks are deeper than the background seismicity, followed by a time-dependent shallowing. Figure 18.2 shows the same data but in the form of histograms and relate them to the deepening of the brittle-ductile transition after the mainshock. The temporal variations of the depth of the brittle-ductile transition reflect the strain-rate changes at the base of the seismogenic zone. 

The analysis of seismic data to resolve the time-dependent depth distribution of the seismic-aseismic transition provides additional constraints on fault zone rheology, which are independent of geodetic data. Together with geodetic measurements, these seismological observations form the basis for developing more sophisticated models for the mechanical evolution of strike-slip shear zones during the earthquake cycle. 
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	Figure 18.1: Time-dependent depth distribution of seismicity for the Johnson Valley fault. The red curve shows the statistics for the d5% and the green for the d95% (see text). The dashed lines show the same statistics for the Hauksson relocations and are in very good agreement with our results.
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	Figure 18.2: Histograms of the depth distribution of seismicity for different time periods. Overlaid is the strength of the brittle and ductile materials.
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QUESTIONS ON THE ARTICLE ABOVE:
1) Look at Figure 18.1.  Explain what happened in 1992 that caused the change in seismicity in this area.
2) What is the depth range of the earthquake foci shown in Figure 18.1?

3) At what depth to earthquakes cease before 1992?  At what depth do they cease after 1992?  What is the meaning of this depth at which earthquakes cease?  What is this depth called?

4) How did the event in 1992 change the depth distribution of the earthquake foci?  Refer to figure 18.2.

5) How do the authors interpret this change in the depth distribution?  Explain what they think this shows about the brittle-ductile transition in the crust.
