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Advanced Structural Geology and Tectonics:

Structural interpretation of seismic reflection data 

and

Active tectonics 

Geos 611 (3 credits)
Fall, 2010

Class times: MW, 10:30-12:00 AM
Natural Sciences 233

Wes Wallace 
Natural Sciences 330, 474-5386, wallace@gi.alaska.edu

Office hours after class, Tu 1 - 2, or by appointment

This class will explore two separate topics based on student interests:


Part 1:  Structural interpretation of seismic reflection data


Part 2:  Active tectonics

These two parts will be linked because each will address structures across the spectrum of divergent, convergent, and strike-slip settings.  Approximately half of the class will be devoted to each topic.  Students may choose a final project from either part depending on their individual interests.

Part 1:  Structural interpretation of seismic reflection data 

Seismic reflection data provide views of geological structures that outcrop can only rarely match in scale and continuity.  However, seismic reflection data also have their limits and pitfalls, and sound interpretation of seismic reflection data requires considerable knowledge and experience.  The objective of this part of the class is to provide background and practice in the interpretation of structures in seismic reflection data.  The focus of the class will be on the use of seismic reflection data to illustrate the concepts and problems relevant to the interpretation of structures and to provide students with extensive practice in the interpretation of a wide range of structures.  The class will provide an overview of seismic data acquisition and processing, seismic stratigraphy, normal faults and passive continental margins, and folds, thrust faults, and contractional settings, and strike-slip settings.  This will not be a comprehensive treatment of these topics, but will provide sufficient background information to achieve the goals of the class. 
No suitable textbook is available for this part of the class.  However, relevant readings and the PowerPoints for each overview lecture will be available in the class folder in the Geology computer lab.
Grades for this part of the class will be based on seismic interpretation exercises on each of the topics covered in the class.  The final project for those who choose the seismic option will be a synthesis project using a grid of seismic lines from the North Slope.   These will include the elements typical of a seismic interpretation project, including identification and correlation of stratigraphic units, interpretation of structures, tying of lines, depth conversion, construction of structural contour maps, and analysis and interpretation of the results. 

Tentative outline for part 1:  Structural styles and their interpretation in seismic reflection data

Background information and concepts


The process of interpretation of seismic reflection data


Acquisition and processing of seismic reflection data



Stacking



Migration



Depth conversion


Geophysical artifacts 


Seismic stratigraphy



Geometry of clastic deposits



Geometry of carbonate deposits

Extension


Normal faults

Rift basins

Passive continental margins

Contraction


Settings



Accretionary wedge



Forearc basin



Arc



Intra-oceanic back-arc basin



Orogenic belt



Foreland basin


Folds


Faults


Thrust-related folds



Fault-bend folds



Detachment folds



Fault-propagation folds



Shear fault-bend folds



Breakthrough of thrust-related folds



Growth stratigraphy in thrust-related folds


Thrust systems



Imbricate fans



Duplexes



Wedge structures and triangle zones

Salt tectonics


Inversion

Strike-slip 


Settings



Transform



Escape



Secondary to extension or contraction


Fault geometry


Pull-apart basins
Final project:  Seismic interpretation of northeastern NPRA (seismic emphasis)

Part 2:  Active tectonics

The objective of this part of the class is to explore active tectonics and their effects on the landscape, with emphasis on the processes of landscape evolution, analytical techniques, especially in tectonic geomorphology, and landscape response in different tectonic settings.  

The optional textbook for this part of the class is “Active Tectonics”.  It provides a comprehensive and relatively inexpensive overview of that subject, as well as introducing some of the other topics included in the class.   

This part of the class will be graded based on three presentations by each student.  Each presentation should provide a clear and substantive overview of a specific topic in no more than 20 minutes.  Each student will choose a topic from each of three general categories:    

1.  A technique used in the analysis of active tectonics, including basin thermal and subsidence history, low-temperature thermochronology (fission track and U-Th/He), geodesy (GPS), or paleoseismology.  

2.  A geomorphic index or indicator useful for identifying active tectonics. 

3.  An example of landscape response in an active tectonic setting, including rift, convergent, or strike-slip setting.

For each presentation, speakers should provide a PDF that summarizes the topic, including key figures and references.  For both presentations and the PDF summaries, be sure that:


•Each figure is of sufficiently high resolution to be clear on the screen or when printed.


•The source of each figure is clearly identified.
 


You should select the topics of your class presentations as soon as possible.  Please feel free to consult with me about possible topics and sources of information.

The final project for those who choose the active tectonics option will be to analyze a tectonically active area using appropriate geomorphic indices or indicators as discussed in class.

Please consult with me about an appropriate study area (potentially your thesis area) and scale and scope of work for this project.

Recommended textbooks:

Keller, E.A., and Pinter, N., 2002, Active Tectonics: Earthquakes, Uplift, and Landscape, Second Edition:  Prentice Hall, Upper Saddle River, NJ, 362 p., paperback. ($57.20 list, $51.48 Amazon.com)


Basic-level treatment of the effects of active tectonics on the earth’s surface.  Emphasizes methods for analysis of active tectonics, especially tectonic geomorphology.  

Burbank, D.W., and Anderson, R.S., 2001, Tectonic Geomorphology:  Blackwell Science, Malden, MA, 274 p., paperback.  ($89.95 list and Amazon.com) 


In-depth treatment of the effects of active tectonics on the earth’s surface, with emphasis on its analysis using tectonic geomorphology.   

Tentative outline for part 2:  Active tectonics   (* indicates student presentations)
Analytical methods


Overview


Student presentations:



*Basin thermal and subsidence history



Geochronology




*Carbon 14






*Cosmogenic and thermoluminescence




*U-Th/He




*Fission track



*Geodesy



*Paleoseismology

Tectonic geomorphology


The earthquake cycle:  recurrence and surface consequences

Rates


Landscape response:  Rivers, slopes, coastlines


Geomorphic indices and indicators (student presentations)



*Hypsometric curve and integral



*Drainage basin asymmetry



*Stream length-gradient index



*Mountain-front sinuosity



*Valley floor width to height ratio



*Stream incision, abandonment, and capture 



*River and coastal terraces 

Landscape response in different tectonic settings


Extensional 



Overview



*Student presentations (2)


Contractional



Overview



*Student presentations (3)


Strike-slip



Overview



*Student presentations (2)

Final project:  Apply geomorphic indices in active tectonic setting (active tectonics emphasis)
