GEOS 477/577 Active Tectonics

Fall, 2009
Lecture:  T & Th 12:30-1:45PM, Gould-Simpson 213

Instructor:  George H. Davis, Regents Professor Emeritus, Geosciences

Gould-Simpson 326; 349-2622; gdavis@u.arizona.edu

http://www.geo.arizona.edu/web/DavisG/GD_page.html

Course Description:  This course is, in effect, a structural geology course ‘masquerading’ as an Active Tectonics course.  What do I mean by this?  Conventional structural geologic analysis applied to ancient deformational systems encounters insurmountable obstacles, if indeed the objective is to fully describe the nature and origin of deformation. Ancient structural geologic records are snapshots, not videos, and thus end goals (in structural geology) of establishing deformation paths and progressive deformation during folding and faulting are out of the question, except in the most compromised of ways.  

In contrast, the study of actively deforming regions can incorporate data and considerations such as 1/ GPS velocity maps; 2/ earthquake focal mechanisms; 3/ detailed mapping/analysis of segmented fault systems; 4/ recognition of non-coaxial strain and how this is accomplished; 5/ paleoseismological insights on slip-rates and repeat times for faults; 6/ records of pre-seismic, co-seismic, and post-seismic behaviors; 7/ the very drilling into active faults to sample fluids and fault rocks and to measure strain and stress; 8/ plate tectonic motions and boundary conditions; and 9/ inferences about the rheological condition(s) of crust and lithosphere.  All of this permits the origins of structures and systems of structures to be viewed in an integrated context of stress fields, strength fields, and deformational fields.   The main objective of this course is to leverage active tectonics to better understand deformation. 

Requirements:  There will be three rounds of individual assignments, each of which will require researching a topic, writing a paper, and communicating findings in class. Before each of these three rounds of assignments, and thus during the time that you are carrying out library research on chosen topics, I will give a set of lectures and assign readings covering topics that offer some perspectives with respect to overarching structure-tectonic research themes under consideration at that time.

The first round of assignments will bear on the diversity and range of structures across the Western Cordillera that share in the accommodation of North American/Pacific plate motion.  For your paper and presentation, each of you will select a regional system or subsystem of active deformation.  Topics will include such systems as the Walker Lane, the Eastern California Shear Zone, the creeping section of the San Andreas fault, a part of the Wasatch Zone, and the Rio Grande rift.  Your communications of findings will be in the form of oral presentations.

The second round of assignments will bear on the numerous, distinctive deformation fields and niches in the Eastern Mediterranean region, where the African, Arabian, Eurasian, Anatolian, and Aegean plates interfere within a coherent yet multifaceted plate tectonic “laboratory.”  Topics again will be systems or subsystems of active deformation, e.g., the North Anatolian fault zone, the Menderes extensional terrain, the Gulf of Corinth detachment system, the Zagros, the Red Sea rift, and the Dead Sea rift. Your communications of findings will be in the form of oral presentations.

The third round of assignments will bear on investigations of single discrete (major) geologic structures, whose origins can be related directly to plate movements and forces.  A good example would be the Alpine fault zone in New Zealand. In this way we can gain structural geological insight on how given classes of faults develop (e.g., strike-slip vs reverse-slip vs thrust vs normal-slip), and with emphasis on progressive deformation and deformation paths.  Your communication of findings will be in the form of poster sessions.

Expectations:   Both in the case of undergraduate students enrolled in GEOS477 and graduate students enrolled in GEOS577, the best papers, oral presentations, and posters will be marked by clarity and accuracy of language; grasp of fundamental concepts; effectiveness in organizing the material; quality and choices of figures and illustrations; accuracy and completeness of coverage; and success in drawing conclusions regarding origin(s) of deformation. Expectations for graduate student performance are set higher than that for undergraduates, primarily because graduate students generally bring to bear a greater depth and breadth of coursework and research experience.  In specific, the best papers, oral presentations, and posters by graduate students will be ones in which there is deeper probing of fundamentals; broader and more incisive connecting among diverse data sets; and a discernable originality in attacking and/or synthesizing the issues.  With these high goals in mind, the course has a greater chance of being meaningful in fundamental ways.

Grading:

3 papers (100 pts each)

3 presentations (2 oral, 1 poster) (50 pts each)

class participation (50 pts)

total points: 500 points

A = 90-100% (450-500 pts), B = 80-89% (400-449 pts), C = 70-79% (350-399 pts), D = 60-69% (300-349 pts), E below 60% (below 300 pts).
  

Grading approach for each GEOS 477 paper:  

20 pts: Accuracy and completeness of coverage 

20 pts: Grasp of fundamental concepts

20 pts: Organization, clarity, and editorial quality of writing

20 pts: Quality and choices of figures and illustrations

20 pts: Success in illuminating origins/mechanics of deformation

Grading approach for each GEOS 477 presentation/poster:

10 pts: Grasp of fundamental concepts

10 pts: Focused organization and clarity

10 pts: Quality and choices of figures and illustrations

10 pts: Success in illuminating origins/mechanics of deformation

10 pts: Effectiveness in generating and holding interest

Grading approach for each GEOS 577 paper:

10 pts: Accuracy and completeness of coverage 

20 pts: Deep grasp of fundamental concepts

20 pts: Organization, clarity, and editorial quality of writing

10 pts: Quality and choices of figures and illustrations

20 pts:  Impressive connecting of diverse data sets

20 pts:  Originality in framing and/or synthesizing the issues.

Grading approach for each GEOS 577 presentation/poster:

10 pts: Deep grasp of fundamental concepts

10 pts: Focused organization and clarity

05 pts: Quality and choices of figures and illustrations

05 pts: Effectiveness in generating and holding interest

10 pts:  Impressive connecting of diverse data sets

10 pts:  Originality in framing and/or synthesizing the issues

Evaluation approach for GEOS 477, 577 class participation:  contributing during lectures and presentations, including questions posed, comments contributed, responses to questions, etc, which together demonstrate being on top of the reading, engaged in what is going on, and increasingly well versed in Web resources bearing on active tectonics.

Textbook:  None

Units:  3

Prerequisites:  Students who take this course should already have taken structural geology; and should have a solid grasp of principles of plate tectonics.   

Brief Reminder of Several Important UA Policies/Practices:  1/ Attendance, integrity, and ethical behavior are expected. 2/ Disruptive behavior is prohibited.  3/ A safe environment is to be honored. 4/ If anyone anticipates issues related to the format or requirements of this course, please meet with me.  If you determine that formal, disability-related accommodations are necessary, it is very important that you be registered with Disability Resources, and that you notify me of your eligibility for reasonable accommodations, thereby allowing for planning best ways to coordinate your accommodations.

CLASSROOM SCHEDULE FOR GEOS218

01 Tues Aug 25
Introduction and Overview

02 Thur Aug 27
San Andreas System

03 Tues Sep 01
Los Angeles Basin

04 Thur Sep 03
Eastern California Shear Zone, Walker Lane, Western 

Basin and Range

05 Tues Sep 08
Cascadia and Northern Basin and Range

06 Thur Sep 10
Wasatch Zone and Eastern Basin & Range

07 Tues Sep 15
Student Oral Presentations* 

08 Thur Sep 17
Student Oral Presentations*  

09 Tues Sep 22
Student Oral Presentations* 

10 Thur Sep 24
Student Oral Presentations* 

11 Tues Sep 29
Student Oral Presentations* 

12 Thur Oct 01
Eastern Mediterranean

13 Tues Oct 06
North Antatolian Fault Zone and Zagros

14 Thur Oct 08
Aegean 

15 Tues Oct 13
Co-Seismic/Interseismic GPS Systematics (Goran Buble)

16 Thur Oct 15
Strain Analysis Through GPS (Goran Buble)

17 Tues Oct 20
No Class:  Annual GSA Meeting, Portland

18 Thur Oct 22 
Mt. Lykaion, Geology and Modeling 

19 Tues Oct 27
Student Oral Presentations**

20 Thur Oct 29
Student Oral Presentations**

21 Tues Nov 03
Student Oral Presentations**

22 Thur Nov 05
Student Oral Presentations**

23 Tues Nov 10
Student Oral Presentations**
24 Thur Nov 12
Student Oral Presentations**
25 Tues Nov 17
Poster Design Workshop
26 Thur Nov 19
Shortening and Inversion
27 Tues Nov 24
Extension & Strike Slip

Thanksgiving Holiday

28 Tues Dec 01
Poster Creation Workshop
29 Thur Dec 03
Poster Discussion Blitz (3 minute story)

30 Tues Dec 08
Poster Session Proper
*Some Examples of Possible Topics for First Assignment:

Northern segment of San Andreas fault

Central segment of San Andreas fault

SAFOD study of central segment of San Andreas fault

Southern segment of San Andreas fault 

Pallett Creek locale of the San Andreas fault

South Mountain-Oak Ridge fault/fold system

Ventura Avenue fault/fold system

Santa Monica-Hollywood fault system

Elysian Park fault-fold system

Major earthquakes of the Los Angeles basin (1970 – present)

Kettleman Hills (earthquakes, faulting, folding)

Gulf of California tectonic system

Seattle thrust system

Eastern California shear zone

Landers (earthquake) rupture zone

Walker Lane

Owens Valley-Lone Pine fault zone

Volcanic Tableland (Bishop) and White Mountains fault zone

Furnace Creek-Death Valley fault zone

Western Great Basin province

Central Great Basin province

Eastern Great Basin province

Central Nevada Seismic Belt

Wasatch Front

Intermountain Seismic Zone

Hurricane fault zone

Quaternary-Recent volcanism, Colorado Plateau

Southern Rio Grande rift

Central and northern Rio Grande rift

Quaternary-Recent volcanism, Rio Grande rift

**Some Examples of Possible Topics for Second Assignment:

Dead Sea rift 

East Anatolia fault

Zagros thrust and fold belt

Lesser Caucasus

Northeast Anatolian fault

Greater Caucasus

North Anatolia fault zone

Sea of Marmara tectonic zone

Isparta Angle area

Cyprus arc tectonics

Menderes massif extensional system

Cyclades metamorphic core complexes

Extensional tectonics in northern Greece (north of Gulf of Corinth)

Gulf of Corinth tectonic system

Peloponessos active tectonics

Crete

Hellenic subduction zone

Volcano-tectonics, Santorini

Volcano-tectonics, Pompeii

Active volcano-collapse tectonics, Vesuvius

***Some Examples of Possible Topics for Third Assignment
New Madrid seismic zone (oblique-thrust/strike-slip and fault-propagation folding

Gulf of Mexico tectonic subsidence zone (major normal faulting and detachment)

Cascadia (e.g., episodic silent slip events associated with convergence)

Alleutian arc (e.g., fault kinematics/dynamics behind Good Friday earthquake)

Japan (fault kinematics/dynamics behind Kobe earthquake)

Sumatra (partitioned slip between Mentawai fault and Sumatran megathrust

New Zealand (i.e., Alpine fault, oblique slip, right-handed, reverse)

Taiwan (thrusting and fault-bend folding; profound subsurface control) 

Taiwan (Chi-Chi earthquake and ground expressions along Chelungpu fault!) Mongolia (oblique slip with splendid geomorphic expression)

Tibet (e.g., Altyn Tagh, and other oblique-slip convergence structures)

China (e.g., faulting associate with Sechuan earthquake) 

Guatemala (strike-slip along the Motagua-Polochic fault zone)

Altaplano (Bolivia; folding, thrusting, contributions to plateau uplift)

Sierras Pampeanas (fault-propagation folding and basement-cored uplift)

READING LIST

01 Introduction and Overview

A. Argus, D. F., and Gordon, R. G., 2001, Present tectonic motion across the Coast Ranges and San Andreas fault system in central California: Geological Society of America Bulletin, v. 113, no. 12, p. 1580-1592.  

B. Atwater, T. M., 1970, Implications of plate tectonics for the Cenozoic tectonic evolution of western North America:  Geological Society of America Bulletin, v. 81, p. 3513-3536.

C. Humphreys, E. D., and Weldon, R. J., 1994, Deformation across the western United States:  A local estimate of Pacific-North America transform motion:  Journal of Geophysical Research, v. 99, p. 19,975-20,010.

D. Bennett, R. A., Wernicke, B. P., Niemi, N. A, Friedrich, A. M., and Davis, J. L., 2003, Contemporary strain rates in the northern Basin and Range Province from GPS  data:  Tectonics, v. 22, no. 2, doi:10.129/2001TC001255.

02 San Andreas System

A. Hickman, S., Zoback, M., and Ellsworth, W., 2004, Introduction to special section: Preparing for the San Andreas Fault Observatory at Depth:  Geophysical Research Letters, v. 31, L12S01.

B. Moore, D. E., and Rymer, M. J., 2007, Talc-bearing serpentinite and the creeping section of the San Andreas fault:  Nature, v. 448, 16 August 2007, p. 795-797.

C. Hickman, S., and Zoback, M., 2004, Stress orientations and magnitudes in the SAFOD pilot hole:  Geophysical Research Letters, v. 31, L15S12, doi:10.1029/2004GL020043.

*D. Sieh, K., and Wallace, R. E., 1987, The San Andreas fault at Wallace Creek, San Luis Obispo County, California, in Hill, M. L. (ed.), Centennial Field Guide Volume 1:  Cordilleran Section of the Geological Society of America:  The Decade of North American Geology Project Series, Geological Society of America, Boulder, CO, p. 233-238
03 Los Angeles Basin

A. Fuis, G. S., Ryberg, T., Godfrey, N. J., Okaya, D. A., and Murphy, J. M, 2001, Crustal structure and tectonics from the Los Angeles basin to the Mojave Desert, southern California:  Geology, v. 29, no. 1, p. 15-18.
B. Dolan, J. F., Bowman, D. D., and Sammis, C. G., 2007, Long-range and long-term fault interactions in Southern California: Geology, v. 35, no. 9, p. 855-858.

C. Davis, T., and Namson, J., 1994, A balanced cross section of the 1994 Northridge earthquake, southern California:  Nature, v. 372, p. 167-169.

D. Dolan, J. F., Sieh, K., and Rockwell, T. K., 2000, Late Quaternary activity and seismic potential of the Santa Monica fault system, Los Angeles, California:  Geological Society of America Bulletin, v. 112, no. 10, p. 1559-1581.

04 Eastern California Shear zone, Walker Lane, Western Basin and Range

A. Faulds, J. E., Henry, C. D., and Hinz, N. H., 2005, Kinematics of the northern Walker Lane: an incipient transform fault along the Pacific-North American plate boundary:  Geology, v. 33, no. 6, p. 505-508.

B. Oldow, J. S., 2003, Active transtensional boundary zone between the western Great Basin and Sierra Nevada block, western U.S. Cordillera:  Geology, v. 31, no. 12, p. 1033-1036.

C. Unruh, J., Humphrey, J., and Barron, A., 2003, Transtensional model for the Sierra Nevada frontal fault system, eastern California:  Geology, v. 31, no. 4, p. 327-330.
*D. Wesnousky, S. G., 2005, The San Andreas and Walker Lane fault systems, western North America:  transpression, transtension, cumulative slip and the structural evolution of a major transform plate boundary:  Journal of Structural Geology, v. 27, p. 1505-1512.

05 Cascadia and Northern Basin and Range

A. Kreemer, C., and Hammond, W. C., 2007, Geodetic constraints on areal changes in the Pacific-North America plate boundary zone:  What controls Basin and Range extension?:  Geology, v. 35, no. 10, p. 943-947.

B.  Blakely, R. J., Wells, R. E., Weaver, C. S., and Johnson, S. Y., 2002, Location, structure, and seismicity of the Seattle fault zone, Washington:  Evidence from aeromagnetic anomalies, geologic mapping, and seismic-reflection data:  Geological Society of America Bulletin, v. 114, no. 2, p. 169-177.

C. Sherrod, B. L., Brocher, T. M., Weaver, C. S., Bucknam, R. C., Blakely, R. J., Kelsey, H. M., Nelson, A. R., and Haugerud, R., 2004, Holocene fault scarps near Tacoma, Washington, USA: Geology, v. 32, no. 1, p. 9-12.

D. Nelson, A. R., Johnson, S. Y., Kelsey, H. M., Wells, R. E., Sherrod, B. L., Pezzopane, S. K., Bradley, L.-A., Koehler III, R. D., and Bucknam, R. C., 2003, Late Holocene earthquakes on the Toe Jam Hill fault, Seattle fault zone, Bainbridge Island, Washington:  Geological Society of America Bulletin, v. 115, no. 11, p. 1388-1403.  

06 Wasatch Zone and Eastern Basin and Range

A. Schwartz, D. P., and Coppersmith, K. J., 1984, Fault behavior and characteristic earthquakes:  examples from the Wasatch and San Andreas fault zones:  Journal of Geophysical Research, v. 89, no. B7, p. 5681-5698.

B. Wallace, R. E., 1987, Grouping and migration of surface faulting and variations in slip rates on faults in the Great Basin province:  Bulletin of the Seismological Society of America, v. 77, p. 868-876.

C. Chang, W. L., and Smith, R. B., 2002, Integrated seismic-hazard analysis of the Wasatch Front, Utah:  Bulletin of the Seismological Society of America, v. 92, no. 5, p. 1904-1922.

*D.  Bruhn, R. L., DuRoss, C. B., Harris, R. A., and Lund, W. R., 2005, Neotectonics and paleoseismology of the Wasatch fault, in Pederson, J., and Dehler, C. M., (eds.), Interior Western United States:  Geological Society of America Field Guide 6, p. 231-25., doi: 10.1130/2005.fld006(11).

********************************************************************************************

12 Eastern Mediterranean

A.  Jackson, J., 1994, Active tectonics of the Aegean region:  Annual Review of Earth and Planetary Sciences, v. 22, p. 239-271.

B. McClusky, S., Balassanian, S., Barka, A., Demir, C., Ergintav, S., Georgiev, I., Gurkan, O., Hamburger, M., Hurst, K., Kahle, H., Kastens, K., Kekelidze, G., King, R., Kotzev, V., Lenk, O., Mahmoud, S., Mishin, A., Nadariya, M., Ouzounis, A., Paradissis, D., Peter, Y., Prilepin, M., Reilinger, R., Sanli, I., Seeger, H., Tealeb, A., Toksoz, M. N., and Veis, G., 2000, Global positioning system constraints on plate kinematics and dynamics in the eastern Mediterranean and Caucasus: Journal of Geophysical Research, v. 105, no. B3, p. 5695-5719.

C. Reilinger, R. E., McClusky, S. C., Oral, M. B., King, R. W., Toksoz, M. N., Barka, A. A., Kinik, I., Lenk, O., and Sanli, I., 1997, Global Positioning System measurements of present-day crustal movements in the Arabia-Africa-Eurasia plate collision zone: Journal of Geophysical Research, v. 102, no. B5, p. 9983-9999.

D. Hessami, K., Nilforoushan, F., and Talbot, C. J., 2006, Active deformation within the Zagros Mountains deduced from GPS measurements: Journal of the Geological Society, v. 163, no. 1, p. 143-148. 

13 North Anatolian Fault Zone and Zagros

A.  Barka, A., 1996, Slip distribution along the North Anatolian fault associated with the large earthquakes of the period 1939-1967:  Bulletin of the Seismological Society of America, v. 86, no. 5, p. 1238-1254.

B.  Stein, R., Barka, A., and Dieterich, J. H., 1997, Progressive failure on the North Anatolian fault since 1939 by earthquake stress triggering:  Geophysical Journal International, v. 128, p. 594-604.

C.  Jackson, J. A., 1980, Reactivation of basement faults and crustal shortening in orogenic belts:  Nature, v. 283, p. 343-346. 

D.  McQuarrie, N., 2004, Crustal scale geometry of the Zagros fold-thrust belt, Iran:  Journal of Structural Geology, v. 26, no. 3, p. 519-535.  

14 Aegean

A. Jackson, J. A., Gagnepain, J., Houseman, G., King, G. C. P., Papadimitriou, P., Soufleris, C., and Virieux, J., 1982, Seismicity, normal faulting, and the geomorphological development of the Gulf of Corinth (Greece):  the Corinth earthquakes of February and March 1981:  Earth and Planetary Science Letters, v. 57, p. 377-397.

B. Jackson, J., and McKenzie, D., 1999, A hectare of fresh striations on the Arkitsa Fault, central Greece: Journal of Structural Geology, v. 21, p. 1-6.

C. Roberts, G. P., and Ganas, A., Fault-slip directions in central and southern Greece measured from striated and corrugated fault planes:  comparison with focal mechanism and gedetic data:  Journal of Geophysical Research, v. 105, no. B10, p. 23,443-23,462.

D. Sorel, D., 2000, A Pleistocene and still-active detachment fault and the origin of the Corinth-Patras rift, Greece:  Geology, v. 28, no. 1, p. 83-86.

********************************************************************************************

15 Co-Seismic/Interseismic GPS Systematics

A. Dixon, T. H., 1991, An introduction to the Global Positioning System and some geologic applications:  Review Geophysics, v. 29, no. 2, p. 249-276.

B. Segall, P., and Davis, J., 1997, GPS applications for geodynamics and earthquake studies:  Annual Reviews of Earth and Planetary Science, v. 25, p. 301-336.
C. Massonet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K., and Rte, T, 1993, The displacement field of the Landers earthquake mapped by radar interferometry:  Nature, v. 364, p. 138-142.
16 Calculating Strain on Basis of GPS Data

A. Cardoza, N., and Allmendinger, R. W., 2008, SSPX:  A program to compute strain from displcement/velocity data:  Computers and Geosciences (2008), doi.10.1016/j.cageo.2008.05.008.
B. Allmendiner, R. W., Reilinger, R., and Loveless, J., 2007, Strain and rotation rate from GPS in Tibet, Anatolia, and the Altiplano:  Tectonics, v. 26, TC301, doi:10.1029/2006TC002030.

********************************************************************************************

23 Thrust Faulting

*A. Price, R. A., 1988, The mechanical paradox of large overthrusts:  Geological Society of America Bulletin, v. 100, p. 1898-1908.

*B. Suppe, J., 2007, Absolute fault and crustal strength from wedge tapers:  Geology, v. 35, no. 12, p. 1127-1130.

*C. Byerlee, J. D., 1978, Friction of rocks: Pure and Applied Geophysics, v. 116, p. 615-626.

24 Reverse Faulting

*A. Erslev, E.A., 1991, Trishear fault propagation folding: Geology, v. 19, p. 617–


620, doi: 10.1130/0091-7613(1991)019<0617:TFPF>2.3.CO;2.

*B. García, P.E., and Davis, G.H., 2004, Evidence and mechanism for folding of granite, in Sierra de Haulfín basement-cored uplift, northwest Argentina: American Association of Petroleum Geologists Bulletin, v. 88, no. 9, p. 1255–1276.

C. Davis, G.H., and Bump, A.P., 2009, Structural geologic evolution of the


Colorado Plateau, in Kay, S.M., Ramos, V.A., and Dickinson, W.R., (eds.),


Backbone of the Americas: Shallow Subduction, Plateau Uplift, and Ridge


and Terrane Collision: Geological Society of America Memoir 204, p. 99-124.

25 Strike-Slip Faulting

*A. Tindall, S.E., and Davis, G.H., 1999, Monocline development by oblique-slip fault-propagation folding: The East Kaibab monocline, Colorado Plateau

Utah: Journal of Structural Geology, v. 21, p. 1303–1320, doi: 10.1016/ S0191-8141(99)00089-9.

*B. Davison, I., 1994, Linked fault system; extensional, strike-slip and contractional, in Hancock, P. L. (ed.): Continental deformation:  Pergammon Press, Oxford, p. 121-142.

*C. Sibson, R. H., 1994, Crustal stress, faulting and fluid flow, in Parnell, J., Geofluids; origin, migration and evolution of fluids in sedimentary basins:  Geological Society Special Publications, v. 78, p. 69-84.

26 Normal Faulting

*A. Le Pichon, X., and Sibuet, J., 1981, Passive margins: A model of formation: Journal of Geophysical Research, v. 86, no. B5, p. 3708–3720. 

*B. Krantz, R. W., 1988, Multiple fault sets and three-dimensional strain:  theory and application:  Journal of Structural Geology, v. 10, p. 225-237.

*C.  Barnet, J. A. M., Mortimer, J., Rippon, J. H., Walsh, J. L., and Watterson, J., 1987, Displacement geometry in the volume containing a single normal fault:  American Association of Petroleum Geologists Bulletin, v. 71, p. 925-938.

27 Inversion Tectonics

*A. Etheridge, M. A., 1986, On the reactivation of extensional fault systems:  Royal Society of London Philosophical Transactions, ser. A, v. 317, p. 179-194.  

*B. Helwig, J., 1976, Shortening of continental crust in orogenic belts and plate tectonics:  Nature, v. 260 (5554), p. 768-770.

*C. Williams, G. D., Powell, C. M., and Cooper, M. A., 1989, Geometry and kinematics of inversion tectonics, in Cooper, M. A., and Williams, G. D. (eds.), Inversion tectonics:  Geological Society Special Publication No. 44, Blackwell Scientific Publications, London, p. 3-15.

*D. Lister, G. S., Forster, M. A., and Rawling, T. J., 2001, Episodicity during orogenesis, in Miller, J. A., Holdsworth, R. E., Buick, I. S., and Hand, M., Continental reactivation and reworking:  Geological Society Special Publications, v. 184, p. 89-113.  

