
VARIATION OF VISCOSITY WITH TEHPERATURE AND COMPOSITION I N  THE 
PLAGIOCLASE SYSTEM; W. Hummel and J.Arndt, M i n e r a l o g i s c h  - Pet rograph isches 
I n s t i t u t  der  U n i v e r s i t z t  Tubingen, 7400 Tubingen, F e d e r a l  Repub l i c  o f  Germany 

Knowledge o f  t h e  v i s c o s i t y  o f  s i l i c a t e  l i q u i d s  i s  a  fundamental p r e r e -  
q u i s i t e  f o r  t h e  s u c c e s s f u l  development o f  p e t r o l o g i c  models i n v o l v i n g  k i n e t i c  
and t r a n s p o r t  phenomena. For example, f o r  unders tand ing  t h e  l u n a r  a n o r t h o s i t e  
fo rm ing  event  as t h e  r e s u l t  o f  d i a p i r i c  i n t r u s i o n s  (Longh i  and Ashwal 1984), 
t h e  v i s c o s i t i e s  o f  a n o r t h i t e  r i c h  p l a g i o c l a s e  m e l t s  must be known. I n  t h e  
p r e s e n t  s tudy  t h e  v i s c o s i t i e s  o f  t h i r t e e n  d i f f e r e n t  p l a g i o c l a s e  compos i t ions  
have been measured i n  t h e  v i s c o s i t y  range 10"  t o  10' dPas u s i n g  a  micro-  
p e n e t r a t i o n  v iscometer  (A rnd t  and Hummel 1983). The v i s c o s i t y  d a t a  o b t a i n e d  
a r e  shown i n  Fig.1.  A p p l i c a t i o n  o f  t h e  most common e m p i r i c a l  and t h e o r e t i c a l  
v i s c o s i t y - t e m p e r a t u r e  models t o  these  da ta  showed t h a t  t h e  c o n f i g u r a t i o n a l  
en t ropy  t h e o r y  ( R i c h e t  1984) r e p r e s e n t s  t h e  b e s t  approach. Accord ing t o  t h i s  
t h e o r y  t h e  r e l a t i o n  between v i s c o s i t y  and temperature  i s  g i v e n  b y  

where 1 i s  t h e  v i s c o s i t y  (dPas), T i s  t h e  temperature  (K), Sconf i s  t h e  
c o n f i g u r a t i o n a l  e n t r o p y  ( J  / mol*K) ,  and Ae and Be a r e  a d j u s t a b l e  parameters. 

For  t h e  c a l c u l a t i o n  o f  t h e  c o n f i g u r a t i o n a l  en t ropy  o f  t h e  end-members 
a l b i t e  and a n o r t h i t e  a l l  thermodynamic da ta  r e q u i r e d  a r e  a v a i l a b l e  ( R i c h e t  
1984).  From t h e  p l o t s  o f  t h e  p resen t  v i s c o s i t y  da ta  and a v a i l a b l e  l i t e r a t u r e  
da ta  versus 1 / T*Sconf  shown i n  Fig.2,  t h e  va lues o f  t h e  two a d j u s t a b l e  
parameters have been determined:  

A l b i t e :  Ae = -1.260 +- 0.035, Be = (5.659 +- 0.018) * lo5 

As i s  seen f rom Fig.2, a l l  expe r imen ta l  d a t a  p l o t  v e r y  w e l l  on  t h e  
r e g r e s s i o n  l i n e s  c a l c u l a t e d  f rom equ. (1 ) .  The i d e n t i c a l  s lopes  o f  t h e  two 
l i n e s  i n d i c a t e  t h a t  t h e  elementary s teps  i n  v i scous  f l o w  a r e  t h e  same i n  b o t h  
t h e  a l b i t e  and a n o r t h i t e  mel ts .  

The c o n f i g u r a t i o n a l  en t ropy  approach i s  as y e t  t h e  o n l y  theo ry  t h a t  
a l l o w s  t h e  c a l c u l a t i o n  o f  t h e  dependence o f  v i s c o s i t y  on compos i t ion .  
However, t h e  c a l c u l a t i o n  o f  t h e  i s o t h e r m a l  v i s c o s i t i e s  o f  i n t e r m e d i a t e  
p l a g i o c l a s e  compos i t i ons  s o l e l y  f rom t h e  p e r t i n e n t  d a t a  o f  t h e  end-members 
a l b i t e  and a n o r t h i t e  r e q u i r e s  i n  a d d i t i o n  t h e  e v a l u a t i o n  o f  an en t ropy  o f  
m i x i n g  te rm t h a t  adds t o  t h e  c o n f i g u r a t i o n a l  en t ropy  o f  t h e  pu re  end-members. 
A r e a l i s t i c  m i x i n g  model f o r  a l u m o s i l i c a t e  m e l t s  i s  rep resen ted  by  t h e  "two- 
l a t t i c e "  model ( W e i l l  e t  a l .  1980) which has been m o d i f i e d  by  t h e  p resen t  
a u t h o r s  i n  o r d e r  t o  account  f o r  l o c a l  charge balance i n  t h e  p l a g i o c l a s e  
me l t s .  The r e s u l t i n g  en t ropy  o f  m i x i n g  te rm i s  g i v e n  by: 

where y  and z a r e  t h e  mol  f r a c t i o n s  o f  a n o r t h i t e  and a l b i t e ,  r e s p e c t i v e l y ,  
and R i s  t h e  gas cons tan t .  

The i s o t h e r m a l  v i s c o s i t i e s  o f  i n t e r m e d i a t e  p l a q i o c l a s e s  have been c a l -  . - 
c u l a t e d  w i t h  

log ( u I T  = yolog(~)T,An + z*log(n)TIAb ( 3 )  
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The va lues o f  104 ( n )  T , A ~  and log  ( r l )  T,Ab a r e  c a l c u l a t e d  f rom equ. ( 1 )  
f o r  a  temperature  T w i t h  t h e  parameters f o r  a n o r t h i t e  and a l b i t e ,  whereby t h e  
c o n f i g u r a t i o n a l  e n t r o p y  i s  v a r i e d  by  t h e  a d d i t i o n  o f  t h e  en t ropy  o f  m i x i n g  
te rm (equ. 2 ) .  The r e s u l t s  a r e  shown as s o l i d  l i n e s  i n  F i g .  1. Taking i n t o  
c o n s i d e r a t i o n  t h e  exper imen ta l  e r r o r s ,  t h e  agreement between measured and 
c a l c u l a t e d  v i s c o s i t y  d a t a  i s  e x c e l l e n t .  
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F i g .  1 I s o t h e r m a l  l o g  v i s c o s i t i e s  o f  F i g .  2  Log v i s c o s i t y  versus l /TSconf  
p l a g i o c l a s e s .  The c i r c l e s  a r e  e x p e r i -  f o r  a l b i t e  and a n o r t h i t e .  The s o l i d  
menta l  da ta  and t h e  s o l i d  l i n e s  have l i n e s  have been determined by l i n e a r  
been c a l c u l a t e d  f rom equ. ( 3 ) .  reg ress ion .  
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