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Subsol idus 1  i thospheric th inn ing  by mantle plumes may be invo l  ved i n  the 
c rea t ion  o f  swells, hotspots, and r i f t s .  Among the major questions concern- 
i n g  t h i s  process are the timescale on which i t  occurs and the s t ruc tu re  o f  
the plumes. The l i thosphere i s  known t o  have been subs tan t ia l l y  thinned i n  
10 Ma o r  less1 32. 

Previous studies(3-6) o f  the time requ i red t o  t h i n  the l i thosphere by 
subsol idus convect'o are no t  i n  accord about the timescale o f  the process. 
Spohn and SchubertS9[ concluded t h a t  s u f f i c i e n t l y  vigorous plumes coul d  
t h i n  the 1  i thosphere i n  10 Ma, b u t  the model only simulates the dynamics o f  
the p l  ume-1 i thosphere i n t e r a c t i o n  i n  a  way t h a t  does n o t  speci f i c a l  l y  i n -  
corporate the mater ia l  rheol ogy o r  flow pat tern.  Emerman and ~ u r c o t t e 4  
found t h a t  the l i thosphere cannot be thinned i n  10 Ma, bu t  t h e i r  stagnation 
p o i n t  so lu t ion  can o t  be matc ed t o  an external  plume and boundary layer .  9 !I Studies by Roberts and 01 son ind ica te  t h a t  w i t h i n  the corner region, 
a t  1  east  f o r  i sovi scous vigorous convection, hor izonta l  temperature va r ia -  
t i o n s  are important. For f l u i d s  w i t h  s t rong ly  temperature dependent viscos- 
i ty ,  the over l y ing  r i g i d  l i d  should enhance these e f f e c t s  t h a t  are no t  con- 
ta ined i n  the stagnation p o i n t  solut ions. We have sought t o  c l a r i f y  t h i s  
disagreement through a numerical f i n i t e  element ana lys is  o f  the subsol idus 
th inn ing  mechanism. 

Subsolidus l i t hosphe r i c  th inn ing  i s  a  process i n  which hot  plume mater ia l  
warms the base o f  the l i thosphere,  ent ra ins  the heated l i t hosphe r i c  mater ia l  
i n  i t s  flow, and ca r r i es  the mater ia l  away from the region of thinning. The 
phenomenon i s  bas i ca l l y  one o f  forced convective heat t r ans fe r  i n  a  f l u i d  
w i t h  s t rong ly  temperature (and s t ress)  dependent v iscos i ty .  Accordingly, we 
model the process as shown i n  Fig. 1. The parameters o f  the model are: T  = 
temperature, u  = hor izonta l  ve loc i t y ,  w = v e r t i c a l  ve loc i ty ,  T = shear stress, 
ox = normal stress,  t = time, T  = surface temperature, T  = plume tempera- 
ture,  wp = plume ve loc i t y ,  q  = beat f l ux ,  and qc = conduceive heat f l ux .  A t  
t ime t = 0 we place ho t  plume mater ia l  w i t h  temperature Tp a t  the base of a  
constant thickness 1  i thospheric slab. The i n i t i a l  temperature i n  the 1  i t h o -  
sphere increases 1  i nea r l y  w i t h  depth. Plume mater ia l  i s  forced t o  enter  the 
base o f  the computational box w i t h  condi t ions w , Tp. The MANTLE f i n i t e  
element code9 i s  used t o  in tegra te  the i n i t i a l  goundary value problem 
(heat, momentum, and con t i nu i t y  equations) w i t h  respect t o  time (and space) 
and t o  fo l low the th inn ing  o f  the l i thosphere (Fig. l b ) .  Plume p lus  l i t h o -  
spheric mater ia l  i s  forced t o  leave the computational box along the r i g h t  
boundary as shown i n  Fig. l b .  The v i scos i t y  of the incompressible medium i s  
taken t o  be proport ional  t o  the exponential o f  i t s  inverse absolute tempera- 
t u r e  and t o  depend on the s t ress by a  power law r e l a t i o n  (some ca lcu la t ions 
were ca r r i ed  ou t  w i t h  v i scos i t y  independent o f  s t ress) .  A1 1  other thermal, 
mechanical, and rheological  proper t ies  are assumed t o  be constant. L i tho-  
spheric th inn ing  times w i l l  be reported as funct ions o f  rheological  param- 
eters,  wp, and Tp. 

Morr is  and canr igh t lo  have argued t h a t  i n  steady o r  quasi-steady con- 
vect ion o f  a  s t rong ly  temperature dependent v i scos i t y  f l u i d  the temperature 
d i f ference across the plume i s  roughly a  few times the temperature d i f ference 
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needed t o  decrease the v i scos i t y  by a fac tor  o f  e (provided the r i g i d  l i d  
remains i n t a c t  1. This provides an important cons t ra in t  on subsol i dus t h i n -  
n ing  ra tes by convective plumes. Current studies are  focused on the l i t h o -  
spheric th inn ing  by time-dependent plumes hypothesized by Morr is t o  have 
1 arge temperature d i f ferences across them. 
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Figure I .  Schematic o f  l i t hosphe r i c  th inn ing  model. 




