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An unders tanding of  the  n a t u r e  of  Martian vo lcan ic  products  can begin 
wi th  an exp lana t ion  of t h e i r  product ion i n  an upper Martian mantle.  We a r e  
us ing r e s u l t s  from p a r t i a l  mel t ing experiments on a proposed mant le  
composition t o  e s t i m a t e  primary melt  composit ions.  This approach has been 
a p p l i e d  t o  t h e  mant le  composition der ived by Morgan and Anders ( 1 )  from 
cosmological  arguments . 

Pate ra  (2 )  used thermodynamic c a l c u l a t i o n s  on r e a c t i o n s  i n  t h e  CaO-MgO- 
A1,03-SiO, system t o  determine s t a b l e  phase assemblages i n  an upper Martian 
mantle.  H i s  r e s u l t s  sugges t  t h a t  i n  a 20 t o  30 kb range t h e  Morgan-Anders 
bulk composition g i v e s  a s t a b l e  phase assemblage of g a r n e t  + clinopyroxene + 

orthopyroxene + o l i v i n e .  Wood and Holloway ( 3 )  have organized a thermodynamic 
da ta  base f o r  t h e  system Na20-Fe0-Ca0-Mg0-A1,O 3-Si02 i n  a f r e e  energy 
minimization program which is used t o  c a l c u l a t e  t h e  s t a b l e  phase assemblage, 
t h e  phase composition and t h e  mode f o r  a chosen bulk composition a t  a  given 
p ressure  and temperature .  The composition of  Martian mantle phases a t  20kb 
and 1 200°C have been ob ta ined  from an a p p l i c a t i o n  of t h e  program t o  a Morgan- 
Anders mant le  composit ion.  S t a r t i n g  m a t e r i a l s  f o r  t h e  experiments were chosen 
s o  a s  t o  approximate t h e  p red ic ted  phase composit ions.  The ga rne t  and 
cl inopyroxene were s e p a r a t e d  from u l t r a m a f i c  nodules ;  t h e  o l i v i n e  is  from a 
megacryst and t h e  orthopyroxene syn thes ized  a t  1200°C and 1 atmosphere i n  a 
gas-mixing fu rnace .  These minera l s  were combined i n  a p ropor t ion  such t h a t  
a l l  phases were p resen t  i n  major amounts. The r e s u l t i n g  bulk composition 
d i f f e r s  from the  Morgan-Anders one because o f  the  g r e a t e r  amounts of 
orthopyroxene,  cl inopyroxene and ga rne t  compared t o  o l i v i n e  ( s e e  Table I )  . 
However, t h e  r a t i o s  of phases is unimportant t o  t h i s  s tudy  provided t h e  phase 
assemblage remains t h e  same. 

The exper imenta l  s e t u p  used is  a modi f i ca t ion  of the  b a s a l t - p e r i d o t i t e  
sandwich method of  Takahashi and Kushiro (4) with  t h e  a d d i t i o n  of an i r o n  
w u s t i t e  C-0-H f l u i d  buf fe r  system a f t e r  Jakobsson (5 ;  desc r ibed  i n  Holloway 
and Jakobsson,  6 ) .  The sample,  c o n s i s t i n g  of t h e  c r y s t a l l i n e  assemblage 
capped by a s t a r t i n g  b a s a l t  composition is placed i n  a g r a p h i t e  capsu le .  This 
g r a p h i t e  capsu le  is placed i n  a P t  capsule  a long wi th  an i r o n ,  s t e a r i c  a c i d ,  
and water mixture .  The r e s u l t i n g  buf fe r  c o n t r o l s  oxygen f u g a c i t y  a s  well  a s  
f l u i d  composition and e l i m i n a t e s  i r o n  l o s s  problems. I d e a l l y ,  any mel t  
genera ted from the  p e r i d o t i t e  assemblage e q u i l i b r a t e s  wi th  t h e  b a s a l t  
composition a t  t h e  t o p  of t h e  capsu le ,  which r e s u l t s  i n  an a r e a  l a r g e  enough 
f o r  a n a l y s i s  and f r e e  of quench c r y s t a l  modi f i ca t ion .  An e l e c t r o n  probe 
a n a l y s i s  of run products  produced i n  a solid-media p i s t o n  c y l i n d e r  a t  20kb and 
1200°C a f t e r  10 hours is shown i n  Table I .  The g r a i n s  analyzed,  c l inopyroxene 
and o l i v i n e ,  were those  which c r y s t a l l i z e d  near  t h e  capping b a s a l t .  

The d i f f e r e n c e  i n  composition between t h e  s t a r t i n g  o l i v i n e  phase and t h e  
run product suggest  t h i s  phase was t end ing  towards equ i l ib r ium.  Also,  t h e  mg# 
of the  run product o l i v i n e  i s  i n  c l o s e  agreement wi th  t h e  mg# c a l c u l a t e d  f o r  
o l i v i n e .  The s t a r t i n g  cl inopyroxene d i f f e r s  from t h e  run product 
cl inopyroxene l a r g e l y  i n  CaO and A1,03 content  and a l s o  approaches the  
c a l c u l a t e d  composit ion ( s e e  Table I ) .  The measured MgO/FeO p s r t i t i o n i n g  
between melt  and o l i v i n e  ( .38)  a s  wel l  a s  t h e  s i m i l a r i t y  between s t a r t i n g  and 
run mel t  composit ions sugges t s  the  melt  has not f u l l y  e q u i l i b r a t e d  wi th  t h e  
p e r i d o t i t e  phases. However, a  decrease  i n  mel t  T i O ,  concen t ra t ion  can be 
c o r r e l a t e d  wi th  an i n c r e a s e  i n  T i O ,  concen t ra t ion  i n  cl inopyroxene sugges t ing  
t h e  mel t  is r e a c t i n g  wi th  t h e  phases towards an equ i l ib r ium composition. 
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Fur ther  experiments wi th  v a r i a t i o n s  i n  s t a r t i n g  b a s a l t  composit ions w i l l  
enable  t h e  primary melt  composi t i o n  t o  be i s o l a t e d .  

The c a l c u l a t i o n s  f o r  t h e  subso l idus  phase assemblage y i e l d  t h e  important  
r e s u l t  t h a t  a Mart ian  mant le  wi th  a Morgan-Anders composit ion is very c l o s e  t o  
t h e  boundary between ga rne t  l h e r z o l i t e  (OL+CPX+GT+OPX) and sp ine l -ga rne t  
l h e r z o l i t e  (OL+CPX+GT+SP) . The c a l c u l a t i o n s  p r e d i c t  about one w t  % 
orthopyroxene.  During smal l  amounts of p a r t i a l  me l t ing  t h e  orthopyroxene w i l l  
most l i k e l y  be consumed, l e a v i n g  an o l i v i n e  + clinopyroxene + g a r n e t  
r e s i d u e .  I n  c o n t r a s t  t o  t h e  E a r t h ' s  upper mant le ,  t h i s  r e s i d u e  w i l l  not 
buf fe r  s i l i c a  a c t i v i t y  a t  t h e  o l i v i n e  + orthopyroxene l e v e l s .  
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TABLE I 

BULK COMPOSITION STARTING COMPOSITIONS R U N  PRODUCTS 

C3048 
MA* EX** OL CPX GT OPX BASALT OL CPX MELT CPX* 

SIO, 4 1 .  46.3 40.2 53.4 40.9 56.3 46.0 38.3 51.2 45.3 52.2 
TI02 - 3  .1 . O  .2 0 0 3.0 0 1 .2  2.4 - 
AL20, 6.4 9.6 . 1  2.3 22.5 0 14.7 . 1  6.8 16.5 5.4 
FeO 15.0 12.7 12.5 6.7 15.1 13.5 12.2 21.4 6.9 12.6 6.4 
MgO 30.0 23.8 46.7 14.1 13.9 30.2 9.1 39.8 14.6 8.8 16.0 
CaO 5.2 7.2 .2  22.4 6.9 0 8.1 . 1  18.0 8.9 19.5  
Na20 .1 .2 0 1.0 0 0 3.6 .1 1 .1  4.0 .54 
K20 0 0 0 0 0 0 3.4 0 0 1.3 - 
MnO .2 .2  0 0 .4 0 0 .2  .2  .2 - 
N i O  - . I  0.3 o o o o o o o - 
MgB 77 7 7 87 7 9 62 80 57 77 79 56 82 

w t %  20 20 4 0 2 0 

* Morgan and Anders ** 
# 

S t a r t i n g  bulk composit ion 
Ca lcu la ted  composit ion 
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