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The composit ions of s e v e r a l  l u n a r  oxide  minerals--most a r m a l c o l i t e s  and 
i l m e n i t e s ,  and some u lv t l sp ine l s - - fa l l  e s s e n t i a l l y  i n  t h e  system Fe0-Mg0-Ti02. 
Phase r e l a t i o n s  i n  t h i s  system can t h u s  a i d  i n  t h e  i n t e r p r e t a t i o n  of t h e  para-  
g e n e s i s  of t h e s e  minera l s .  Most a r m a l c o l i t e s  ( A r m )  a r e  e s s e n t i a l l y  s o l i d  so- 
l u t i o n s  between FeTi205 ( fe r ropseudobrook i t e ,  Fpb) and MgTi205 (Kar roo i t e ,  
K a r ) ;  Fe/(Fe+Mg) i s  v a r i a b l e  b u t  t e n d s  t o  approach 0.5.  Both t e x t u r a l  r eac -  
t i o n s  (many a r m a l c o l i t e s  a r e  mantled by i l rneni te)  and mel t ing  experiments on 
lunar  b a s a l t s  (1) s t r o n g l y  i n d i c a t e  t h a t  a r m a l c o l i t e  i s  s t a b l e  a t  h igh temper- 
a t u r e s  b u t  t e n d s  t o  d i sappear  by r e a c t i o n s  of t h e  type :  

(Mg,Fe) Ti205 ( A r m )  + FeO (from mel t )  = 2 (Fe,Mg) Ti03 ( i l m e n i t e )  (A)  
Analogy wi th  t h e  Fe2TiOg-FeTi205 system suggested t h a t  a r m a l c o l i t e  might be 
i n h e r e n t l y  u n s t a b l e  w i t h  r e s p e c t  t o  magnesian i l m e n i t e  p l u s  r u t i l e  a t  low tem- 
p e r a t u r e s  ( 2 ) .  Th i s  i s  confirmed by experiments i n  t h e  j o i n  F e T i 2 0 5 - ~ ~ ~ i ~ 0 5  
(Fig .  1):  f o r  example, Fe0.5MgoS5Ti2O5 i s  no t  s t a b l e  below 1030 + loOc. Note 
t h a t  e x t r a p o l a t i o n  of d a t a  ob ta ined  a t  h igh p r e s s u r e s  (F ig .  2) sugges t s  t h a t  
t h e  breakdown of pure  MgTi205 w i l l  occur near  600°c. The p a r t i a l  breakdown of 
a r m a l c o l i t e  t o  r u t i l e  p l u s  FeO-enriched i l m e n i t e  (3 )  i s  i n  accord wi th  F i g .  1. 
F ig .  1 shows t h e  lowest  temperature  a t  which a r m a l c o l i t e  of a g iven composi- 
t i o n  i s  s t a b l e :  r e a c t i o n  wi th  l i q u i d  o r  ano the r  phase w i l l  tend t o  i n c r e a s e  
t h e  minimum temperature  of s t a b i l i t y .  On t h e  o t h e r  hand, i f  components o t h e r  
than FeTi205 and MgTi205 e n t e r  i n t o  a r m a l c o l i t e ,  it may be s t a b i l i z e d  t o  lower 
temperatures  than  i n d i c a t e d  i n  F ig .  1. An important  example of such s t a b i l i -  
z a t i o n  i s  shown by experiments on Fpb ( o r  A r m )  p l u s  F ~ O  a t  temperatures  
40-50°c below t h e  minimum s t a b i l i t y  f o r  each pure  phase.  The Fpb ( o r  A r m )  r e -  
ac ted  wi th  2 w t %  F ~ O  t o  form i l m e n i t e  + Fpb ( o r  A r m )  w i th  u n i t  c e l l  d i f f e r e n t  
from t h a t  of t h e  s t a r t i n g  m a t e r i a l ,  and no r u t i l e .  The r e a c t i o n  f o r  FeTi205 
appears  t o  be: 4FeTi205 (Fpb) + FeO = 5FeTi03 ( I l m )  + Ti305 ( i n  s o l i d  so lu -  
t i o n  wi th  Fpb) .  The r e a c t i o n  of approximately 2% F ~ O  corresponds  t o  10-15% 
Ti305 e n t e r i n g  i n t o  t h e  s o l i d  s o l u t i o n .  The exac t  r e a c t i o n  f o r  Fe.5Mg-5Ti205 
i s  more d i f f i c u l t  t o  determine,  b u t  t h e  absence o f  r u t i l e  from t h e  p roduc t s  a t  
980° s t r o n g l y  sugges t s  t h a t  Ti305 component a l s o  e n t e r s  i n t o  s o l i d  s o l u t i o n  
wi th  a r m a l c o l i t e .  These r e s u l t s  show t h a t  it i s  r i s k y  t o  m e l t  high-Ti b a s a l t  
i n  i r o n  c o n t a i n e r s  wi thout  evidence t h a t  it was s a t u r a t e d  wi th  F ~ O  throughout  
i t s  mel t ing i n t e r v a l .  

Molar volumes of a r m a l c o l i t e s  a r e  approximately 10% g r e a t e r  than those  of 
composi t ional ly  e q u i v a l e n t  i l m e n i t e  + r u t i l e  (50.51 t 0.09 cm3/mole) and g e i -  
k i e l i t e  + r u t i l e  (49.68 + 0.08 cm/mole) (Fig .  3 ) ;  t h u s ,  it i s  expected t h a t  
a r m a l c o l i t e  w i l l  become l e s s  s t a b l e  w i t h  i n c r e a s i n g  p r e s s u r e .  

The schematic T-fo2 s e c t i o n  f o r  p a r t  of  t h e  system Fe-0-Ti02 s e r v e s  a s  a 
model f o r  s e v e r a l  important  r e a c t i o n s  i n  high-Ti l u n a r  b a s a l t s  (F ig .  4 ) .  The 
r e a c t i o n  Usp + Fpb = I lm (Curve A ) ,  which is  metas tab le  w i t h  r e s p e c t  t o  ox ide  
mel t ing,  i s  analogous t o  r e a c t i o n  (A)  i n  b a s a l t s ,  wi th  Usp proxying f o r  FeO 
from t h e  s i l i c a t e  mel t  a t  lower temperatures .  Curve B i s  t h e  lower s t a b i l i t y  
l i m i t  f o r  FeTi205. Curve C i s  t h e  r e a c t i o n  I l m  = Usp + Rut and p o i n t  D r ep re -  
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sents the combined breakdown and reduction reaction I l m  = Usp + Rut + FeO; 
both reactions are observed in Apollo 17 basalts (4) with the important dif- 
ference that the presence of Cr in the spinel undoubtedly stabilized the 
breakdown assemblage to higher temperatures. 
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Fig. 1. Stability of Armss. All experiments in evacuated silica- 
glass capsules, except for pure MgTi205 (PH20 = 1 kbar in welded Pt capsules). 
r Ilmss + Rut + Arm,,; Armss -t Ilmss + Rut; aArmss + Amss + Ilmss + Rut; 
N ~ m s s +  Armss + Ilmss + Rut and Ilmss + Rut+ Armss + Ilmss + Rut. - 

Fig. 2. P-T stability of MgTi205 (Kar). Geik = MgTi03, Rut = TiO2. 
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Fig. 3. Molar volumes of synthetic armalcolitess. 
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Fe Ti O2 

Fig. 4. T-h2 stability of phases in the system Fe-0-Ti02 (O<P<1 atm) 
based on (5) and analysis of 70 isobarically invariant (4-phase) points. G2 
scale is schematic; temperatures are known in the range 1000-1500~~, but are 
only schematic at higher and lower values. 
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