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The t e rna ry  system albite-anorthite-diopside is  the  c l a s s i c  system t o  
i l l u s t r a t e  c r y s t a l l i z a t i o n  of b a s a l t i c  magmas (1 ) .  Knowledge of the  rheolo- 
g i c a l  p rope r t i e s  of melts  of t h i s  system i s  therefore  a bas ic  p re requ i s i t e  
i n  igneous petrology of lunar and t e r r e s t r i a l  basa l t s .  

The v a r i a t i o n  of v i scos i ty  with temperature and composition i n  the  bina- 
r y  system a lb i t e - anor th i t e  i s  well  explored ( 2 ) .  Further information on the  
flow p rope r t i e s  of t he  te rnary  system i s  provided by the  present  study i n  
which the  viscosity-temperature r e l a t i onsh ips  of t he  end member diopside and 
of t h ree  intermediate  compositions i n  t he  system albi te-diopside have been 
inves t iga ted  i n  the  v i s c o s i t y  range 1013 - 108 dPas using a micro-indentation 
viscometer (3)  . 

The present ly  obtained viscosity-temperature da t a  of diopside a r e  shown 
i n  Fig. 1 together  with high-temperature da t a  reported by o ther  authors.  For 
comparison a r e  a l s o  shown the  viscosity-temperature r e l a t i onsh ips  of a l b i t e  
and anor th i t e .  The experimental r e l a t i onsh ips  of these  two end members of t he  
te rnary  system a r e  well  represented (2)  by the  empirical Vogel-Fulcher-Tam- 
mann (VFT) equation 

where n (dPas) i s  t h e  v i s c o s i t y ,  T (K) is  t h e  absolute  temperature and A, B 
and To a r e  constants .  An i t e r a t i v e  regress ion  procedure performed on a l l  ex- 
perimental d a t a  given f o r  diopside i n  Fig. 1 yielded t h e  following parameters: 
A = - 3.125, B = 4066 and To = 737.5 (K)  with an average e r r o r  of + 0.13 log - 
v i s c o s i t y  u n i t s .  

It has been shown (2)  t h a t  t he  experimental viscosity-temperature r e l a -  
t ionships  of a l b i t e  and anor th i t e  a r e  b e s t  represented by t h e  configurat ional  
entropy model f o r  v i s c o s i t y  of Richet (4) given by 

where Ae and Be a r e  constants ,  T is  t h e  absolu te  temperature and Sconf 
(J/mole K) i s  t h e  configurat ional  entropy. 

Due t o  t h e  lack of s u f f i c i e n t l y  accurate  thermodynamic d a t a  f o r  diopside 
equ. ( 2 )  must be modified t o  g ive  

log (q) = A, + B~ / (T (sconf + ~ c p  l n  (T/T) 1 1 (3) 

whereAcp is  t h e  d i f f e r ence  between t h e  h e a t  capac i t i e s  of t h e  g l a s s  a t  t h e  
f i c t i v e  temperature and of t h e  mel t  a t  t he  temperature T. With an i t e r a t i v e  
regress ion  procedure and using f o r  t he  unknown T t h e  present ly  measured v i s -  
cosimetr ic  g l a s s  t r a n s i t i o n  temperature Tg(n) = 989 K, t h e  following parame- 
t e r s  have been obtained f o r  diopside: 

Ae = - 2.303, Be = 3.999 lo5 J/mole and Sconf (TI = 26.40  mole . K 
with an average e r r o r  of 2 0.10 log v i scos i ty  u n l t s .  Tne experimental da t a  
a r e  thus  by 23% b e t t e r  represented by the  Richet model than by the  VFT ap- 
proach. 

The v a r i a t i o n  of t h e  isothermal v i s c o s i t y  with composition i n  t h e  system 
albi te-diopside is shown i n  Fig. 2. The Richet model i s  a s  y e t  t h e  only theo- 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



VISCOUS FLOW I N  THE SYSTEM ALBITE - DIOPSIDE 
878 

Tauber P. and Arndt J. 

r y  t h a t  allows the  ca l cu la t ion  of t he  dependence of v i s c o s i t y  on composition. 
Using t h i s  theory and a modified version of t h e  "two l a t t i c e "  mixing model 
(5), t h e  isothermal v i s c o s i t i e s  of intermediate  p lag ioc lase  compositions ha- 

ve been ca lcu la ted  s o l e l y  from t h e  pe r t i nen t  da t a  of the  two end members a l -  
b i t e  and anor th i t e  y ie ld ing  very good agreement withthe experimental d a t a  ( 2 ) .  
The a p p l i c a b i l i t y  of var ious  t h e o r e t i c a l  mixing models f o r  s imi l a r  calcula-  
t i o n s  i n  t he  system albi te-diopside is  present ly  invest igated.  
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Fig. 1 Log v i scos i ty  versus 1 / ~  

f o r  diopside,  a l b i t e  and 

anor th i te .  

Fig. 2 Isothermal log v i s c o s i t y  i n  

t he  system albi te-diopside.  

Alb i te  d a t a  a r e  from ( 2 ) .  Broken 

l i n e s  a r e  t e n t a t i v e  t r a j e c t o r i e s .  
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