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The process by which large amounts (50-200 percent) of crus ta l  exten- 
sion are  produced was concisely described by W. Hamilton (1,2) i n  1982 and 
1983. More recently,  England ( 3 ) ,  Sawyer (4) ,  P. Morgan and coworkers 
(5,6), and others  have moved toward quantifying models of 1 i thospheric 
thinning by incorporating laboratory and theoret ical  data on rock rheology 
as a function of composition, temperature, and s t r a i n  r a t e .  Hamilton's 
description i den t i f i e s  three main crusta l  layers,  each with a d i s t i nc t i ve  
mechanical behavior: b r i t t l e  f ractur ing and rota t ion i n  the  upper c rus t ,  
discontinuous duc t i l e  flow i n  the  middle c ru s t  and laminar duc t i l e  flow i n  
t he  lower c ru s t .  The temperature and composition dependent br i t t le-duct i  l e  
t rans i t ion  e s sen t i a l l y  defines the  di f fuse  "boundary" between upper and , 

middle c rus t .  

Perhaps t he  most d i s t i nc t i ve  fea ture  of t h i s  extensional model i s  the  
l en t icu la r ,  transposed nature of the middle crust-wi t h  lenses of more 
competent rocks ("megaboudi ns") interspersed w i t h  l e ss  competent material 
along duc t i l e  shear zones. These are  c losely  akin to  the metamorphic core 
complexes exposed by erosion in western North America. We have recent ly  
reviewed geophysical and petrologic data (7 ,8)  on the Rio Grande r i f t  and 
have attempted to  formulate a broad interdi  s c i  pl inary "pic ture"  of t he  
nature of the c rus t ,  tec tonic  development, and volcanism in the r i f t .  One 
of our principal conclusions i s  t ha t ,  within t he  r i f t ,  t he  s t ruc tu r e  of t h e  
middle c rus t  i s  very probably lensoidal and hor izontal ly  s t r a t i f i e d  and the  
contact between the  middle and upper c ru s t  i s  probably characterized by a 
low-angle detachment surface-all i n  accordance with Hamil ton ' s  generalized 
model. This type of crus ta l  environment would very l i ke ly  yie ld  magma 
"pillows" and s t ra t i fo rm,  s i l l - l i k e  intrusions i n  the middle c rus t ,  such as 
t h e  Socorro magma body. 

Perhaps somewhat surpr is ingly ,  our analysis  a lso  leads us to  conclude 
t ha t  the  heat responsible f o r  the  highly duc t i l e  nature of the  lower c ru s t  
and t he  lensoidal and magma body s t ruc tures  a t  mid-crustal depths in the  
r i f t  was infused in to  the c rus t  by r e l a t i ve ly  modest (< 10 percent by mass) 
magmatic upwell i ng (feeder dikes?) from Moho levels .  Seismic velocity- 
versus-depth data,  supported by gravity modeling and the f a c t  t h a t  volumes 
of r i f t  r e la ted  volcanics are  r e l a t i v e l y  modest (< 6000 km3) fo r  t he  
Rio Grande system, a l l  imply ve loc i t i es  and dens i t i es  too small t o  be 
consis tent  with a massive, composite, mafic intrusion i n  the lower c rus t .  
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