STRUCTURAL GEOLOGY


Lecture 24


The Geometry of Normal Faulting


(A look at Rift Tectonics)





While thrust faulting is characteristic of convergent margins of continental crust, normal faults are characteristic of divergent margins where rift basins have formed.  These basins eventually grow to become filled with basalts and sheeted dike complexes that are characteristic of oceanic crust.  The passive margins of most continents are bounded by rift basins of the type described in this lecture. Rifting is also found within continental crust that has grown warm and stretched without extending to the point that oceanic crust has formed in the rifts. 


A classic rift zone of relatively young age is the Red Sea rift (Figure 24-1).  A cross section through the Red Sea rift shows a series of listric normal faults dipping toward the sea (Figure 24-2).  
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Figure 24-1:  The Red Sea
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Figure 24-2:  Cross section through the Red Sea (after Lowell and Genick, 1972).





Once continents have rifted apart each continent is bounded by a series of half grabens that dip oceanward.  A classic example of this is found between the Texas Gulf Coast and the Gulf of Mexico (Figure 24-3).  Seismic sections show a very elaborate network of normal faults.  The master faults are listric in nature but secondary faults are antithetic with dips back toward the continent (Figure 24-4).  The largest listric faults on a continental margin may cut down to the Moho.  In the Texas Gulf Coast  many of the listric faults cut down to a detachment at the level of a salt layer in the Jurassic (Figure 24-5).
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Figure 24-3:
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Figure 24-4:
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Figure 24-5:








The basin and range of the western United State is characterized by rift faulting with the level of erosion reaching well into basement rocks.  Core complexes are believed to be a manifestation of listric faulting reaching mid- to lower crustal levels (Figure 24-6).








�





Figure 24-6





There have been a number of interesting models to explain the geometry of rifting at the edge of continents.  The most difficult problem involves providing an explanation for the faulting that does not open large gaps in the crust.  The listric fault geometry accomplishes this purpose.  Another model that seems to work in some cases is called the domino model (Figure 24-7).
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Figure 24-7





Very elegant clay models have been constructed that capture the shape of faulting at continental margins.  An example from Ken McClay is shown below.
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Figure 24-8 


Normal faults are three dimensional.  The geometry of the tip zone of normal faults is well displayed at places like Canyonlands National Park where the detachment surface for extension of the local area is a Permian salt.
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Figure 24-9.
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