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Courtesy of NOAA. Map in the public domain.
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Anderson & Anderson 

Courtesy of NOAA. Figure in the public domain.
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Source: Discovering Plate Boundaries by Dale S. Sawyer.
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http://plateboundary.rice.edu/home.html


Source: Discovering Plate Boundaries by Dale S. Sawyer.
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Courtesy of NOAA. Map in the public domain.
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Courtesy of Tanya Atwater. Used with permission.
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Zhao et al. 1997 
© American Association for the Advancement of Science. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
Source: Zhao, Dapeng, Yingbiao Xu, et al. "Depth Extent of the Lau Back-arc Spreading Center and its
Relation to Subduction Processes." Science 278, no. 5336 (1997): 254-7.
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© source unknown. All rights reserved. This content is excluded from our Creative
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earthquake.usgs.gov 

Courtesy of USGS. Photograph in the public domain. 10
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LAGEOS satellite 

Goddard Geophysical and 
Astronomical Observatory 

Courtesy of NASA. Photographs in the public domain.
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Owens Valley VLBI antenna

linz.govt.nz 

Courtesy of the US Navy. Photograph in the public domain.

Courtesy of Land Information
NewZealand. License: CC-BY.

Courtesy of the US Navy. Photograph in the public domain.
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gns.cri.nz 

Photograph of a scientist at a GPS receiver removed due to copyright restrictions. See the image on the GNS Science website.
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Eric Calais, Purdue 
© John Wiley & Sons. All rights reserved. This content is excluded from our Creative Commons license.
For more information, see http://ocw.mit.edu/help/faq-fair-use/.
Source: Cox, Allan, and Robert Brian Hart. Plate Tectonics: How It Works. John Wiley & Sons, 2009.
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Courtesy of Tanya Atwater. Used with permission.
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Gahagan,'R.M.'Kygar,''
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©2004, University of Texas Institute for Geophysics 
       October 15, 2004 

Flipbook style reconstruction of continental movement removed due to copyright restrictions. Download the PPT from the PLATES project.
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> 2.0 Ga 

Archean cratons 
(positions unconstrained; 
  Rae and Hearne in 
  present-day locations) 

Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.
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http://dx.doi.org/10.1130/GES00055.1


1.96-1.92 Ga 

Slave-Rae collision, 
Arc accretion: Rimbey, 
  Taltson, Thelon arcs 

Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.
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1.92-1.86 Ga 

Juvenile arcs form during 
 ocean closure: 
  Great Bear, La Ronge, 
  Torngat, Little Belt arcs  
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.
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1.86-1.84 Ga 

Continued juvenile arc 
 accretion: Narsajuaq, 
  Pembine-Wausau; 
Wopmay orogen; 
Southeast thrusting along 
  Snowbird tectonic zone 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.84-1.82 Ga 

Trans Hudson orogen:  
 Superior-Rae-Hearne continent- 
 continent collision, includes 
 accretion of Sask craton; 
Elves Chasm arc outboard of Mojavia 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.82-1.80 Ga 

Continued shortening across  
 Trans Hudson orogen; closure of 
 Great Falls Tectonic Zone and 
 Vulcan Zone; accretion of Medicine 
 Hat Block, and Wyoming Province 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.80-1.76 Ga 

Accretion of Archean(?) 
  Grouse Creek Block 
  and Selway Terrane; 
Mojave Province and 
  Yavapai arcs outboard 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.76-1.72 Ga 

Accretion of Mojavia(?) 
  and Yavapai Province, 
  as a Banda Sea style 
  assembly of arcs  
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.72-1.68 Ga 

Yavapai province: 
  Yavapai granitoids stitch 
  juvenile terranes with older 
  provinces; 
~1700 Ma quartzite deposition; 
Mazatzal arcs outboard 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.69-1.65 Ga 

Accretion of Mazatzal and 
  Labradorian Provinces, 
  as juvenile crust 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.65-1.60 Ga 

Mazatzal province: 
  Mazatzal granitoids stitch 
  juvenile terranes with older 
  provinces; 
~1650 Ma quartzite deposition 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.55-1.35 Ga 

Accretion of Granite- 
  Rhyolite Province, Elzevir 
  Block & Pinware terrane, 
  as juvenile crust 

29

Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.48-1.35 Ga 

Granite-Rhyolite Province: 
  A-type plutons stitch much 
  of southern Laurentia 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.3-1.0 Ga 

Grenville orogen:  
 Continent-continent collision 
 of Laurentia with African and 
 South American cratons; 
 SE transfer of Caborca block 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.3-0.95 Ga 

Grenville orogen: 
  Granitoids intrude juvenile 
  belts as far west as Colorado 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


1.2-1.1 Ga 

Midcontinent Rift system: 
  Keweenawan, Ft. Wayne rifts; 
Intrusion of MacKenzie and 
  Animikie dikes 

33

Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


0.78-0.68 Ga 

Rifting along western margin 
  of Laurentia; 
Intrusion of Gunbarrel dikes, 
Deposition of Windermere 
  Supergroup 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.
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0.62-0.55 Ga 

Rifting along eastern margin 
  of Laurentia; 
Opening of Rome Trough 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.

http://dx.doi.org/10.1130/GES00055.1


~ 0.535 Ga 

Rifting of Argentine 
  Precordillera from 
  Ouachita embayment; 
Opening of Oklahoma 
  Aulacogen, Reelfoot Rift 
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Courtesy of Geological Society of America. Used with permission.
Source: Whitmeyer, Steven J., and Karl E. Karlstrom. "Tectonic Model for the Proterozoic Growth of North America." Geosphere 3, no. 4 (2007): 220-59.
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1.&Con@nental&riAing&&
(ex:&E.&Africa)&

Image by MIT OpenCourseWare.
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2.&Forma@on&of&seafloor
spreading&center&&
(ex:&Red&Sea)&
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&

!
Image by MIT OpenCourseWare.
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3.&Widening&ocean&basin&&
(ex:&Atlan@c)&

!Image by MIT OpenCourseWare.

Ocean Crust Continental CrustMid-Ocean Ridge
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4.&Ini@a@on&of&subduc@on&
(ex:&Pacific&Rim)&

!

Subduction zone

Image by MIT OpenCourseWare.
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5.&Subduc@on&of&spreading&center&
(ex:&Juan&de&Fuca&Ridge)&

!Image by MIT OpenCourseWare.
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6.&Closing&of&ocean,&forma@on&of&
collisional&orogen&&

(ex:&closure&of&Iapetus&Ocean&to&
form&the&Appalachians)&

!

Continental Collision

Image by MIT OpenCourseWare.
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Forsythe&&&Uyeda,&1975&

© Oxford University Press. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
Source: Uyeda, S., and D. Forsythe. "On the Relative Importance of the Driving Forces
of Plate Motion." Royal Astronomical Society Geophysical Journal 43 (1975): 163-200.
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Data&from&Forsythe&&&Uyeda,&1975&
45



Data&from&Forsythe&&&Uyeda,&1975&
46



Data&from&Forsythe&&&Uyeda,&1975&
47



Data&from&Forsythe&&&Uyeda,&1975&
48



Data&from&Forsythe&&&Uyeda,&1975&
49



50



51



52



MIT OpenCourseWare
http://ocw.mit.edu

12.001 Introduction to Geology 
Fall 2013

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

53

http://ocw.mit.edu
http://ocw.mit.edu/terms

	Untitled



