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The q u a r t z  normat ive  (QN) b a s a l t s  f rom t h e  A p o l l o  15 s i t e  d i s p l a y  a range 
o f  t e x t u r e s  f rom v i t r o p h y r i c  t o  o p h i t i c  b u t  o n l y  minor  v a r i a t i o n s  i n  b u l k  
chemis t ry  suggest ing sampl ing f rom va r ious  p o s i t i o n s  i n  a  s ing1 e  c o o l i n g  u n i t .  
I f  these t e x t u r e s  can be reproduced exper imen ta l l y ,  i t  would be p o s s i b l e  t o  
determine t h e  chemical f r a c t i o n a t i o n  and t h e  emplacement h i s t o r y  o f  t h i s  group 
o f  mare basal  t s .  Accord ing ly  we have c r y s t a l l i z e d  a  s y n t h e t i c  QN b a s a l t  com- 
p o s i t i o n  (Tab le  1  ) a t  d i f f e r e n t  c o o l i n g  r a t e s  i n  an a t tempt  t o  reproduce t h e  
t e x t u r e s  and m i n e r a l o g i c a l  t rends  observed i n  QN basal  t s .  

The experiments were performed i n  a  one atmosphere v e r t i c a l  fu rnace w i t h  
oxygen f u g a c i t y  ( f 0 2 )  c o n t r o l l e d  by  C-0 gas m ix tu res  and moni tored w i t h  an 
oxygen e lec t rode .  P e l l e t s  o f  s y n t h e t i c  QN b a s a l t  g lass  were suspended on a  P t  
w i r e  l o o p  and me1 t e d  f o r  t h r e e  hours a t  1255°C w i t h  a  - l o g  f 0 2  = 11.9 (25OC 
above t h e  1  i q u i d u s ) .  The charges were coo led 200-230°C (4 " /h r  run cooled 
120°C) a t  monotonic c o o l i n g  r a t e s  between 2.5 and 1260°C/hr and quenched. The 
f02  changed con t inuous ly ,  i n  some runs i n c r e a s i n g  t o  .5 1  og u n i t s  above i r o n -  
w i s t i t e  ( I N ) ,  i n  o t h e r s  remain ing .5  l o g  u n i t s  below I W .  Two charges were 
i n i t i a l l y  me1 t e d  a t  1255°C and then c r y s t a l l i z e d  i s o t h e r m a l l y  f o r  24 h rs ,  one 
a t  1188" and t h e  o t h e r  a t  1160°C, b o t h  about 0.4 l o g  u n i t s  below IN. 

The m inera ls  c r y s t a l 1  i z e d  i n  t h e  sequence chromi t e  and metal 1  i c  i r o n ,  
01 i v i n e  and p igeon i  t e ,  augi t e ,  p l  a g i o c l  ase, and i lmeni  t e .  Textures and g r a i n  
s i z e  vary s y s t e m a t i c a l l y  w i t h  c o o l i n g  r a t e  (Table 2, F ig .  1 ) .  With decreasing 
cool  i ng r a t e  c r y s t a l  morphologies change f rom dendr i  t i  c-tskeletal*quan t and 
average g r a i n  s i z e  coarsens. A t  t h e  s lower  c o o l i n g  r a t e s  t h e  pyroxene g r a i n  
s i z e  becomes i n c r e a s i n g l y  bimodal and t h e  t e x t u r e  p o r p h y r i t i c  (Figs.  l b ,  c, 
and d) .  I n  t h e  2 .5 " Ih r  run  t h e  pyroxene phenocrysts a r e  s e t  i n  a  s u b o p h i t i c  
groundmass t h a t  has random f a n  spherul  i tes  o f  p l  a g i o c l  ase and pyroxene (F ig .  
I d ) .  

Minera l  chemis t ry  has been determined on a  few o f  t h e  runs. 
01 i v i n e .  S k e l e t a l  o l i v i n e s  i n  t h e  1160°C run a r e  unzoned and range f rom 
F063 t o  FOGS. Those i n  the  30°/hr run  a r e  zoned f rom FoG5 t o  F O ~ ~ .  Ca 
contents  range f rom 0.42 t o  0.25 wt% and C r ,  f rom 0.14 t o  0.22 wt%. 
P lag ioc lase.  The p l a g i o c l a s e  i n  t h e  4" /hr  and 2.5OIhr runs i s  zoned, Ang7 t o  
Ang4, w i t h  l e s s  than 0.3 mole % O r .  FeO contents  range f rom 0.8 t o  1.1 wt% 
and MgO, f rom 0.3 t o  0.6 w t % .  The s y n t h e t i c  p l a g i o c l a s e s  l i k e  t h e  p l a g i o -  
c l  ases from mare basal  t s  a r e  nons to i ch iomet r i c ,  b u t  t o  a  g r e a t e r  degree (up t o  
10% excess S i  , Tab1 e  1  ). 
Pyroxenes, The pyroxenes i n  t h e  iso thermal  runs a r e  homogeneous and unzoned 
p igeon i  tes .  Comparison o f  t h e i r  composi t ions i n d i c a t e s  t h a t  t h e  l a r g e r  t h e  
degree o f  supercool  i n g  ( t h e  1  ower t h e  c r y s t a l  1  i z a t i o n  temperature) the  more 
CaFeAlTi r i c h  and Mg poor  they  become (F ig .  2a and c ) .  I n  c o o l i n g  r a t e  runs 
the  phenocrysts have p i g e o n i t e  cores and a u g i t e  r ims.  The p i g e o n i t e  cores are  
con t inuous ly  zoned t o  more CaFeTi A1 - r i c h  and Mg-poor composit ions. I n  the  4" 
and 2 .5 " Ih r  runs  t h e  phenocrysts u s u a l l y  have sharp a u g i t e  r ims which i n i -  
t i a l l y  zone t o  a  more Ca-r ich  and MgFe-poor composi t ion and then change t o  Fe 
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enrichment and CaMg depletion (Fig. 2a).  A few crys ta ls  in the 2.5OIhr have 
zones transi t ional  between augi t e  and pigeoni t e .  The groundmass pyroxenes of 
the 2.5O/hr run are strongly zoned t o  more CaMg poor and Fe-rich rims and form 
a band across the middle of the pyroxene quadri lateral  (Fig. 2a).  For a given 
Wo content,  pyroxenes in the 30°/hr run are more Fe rich than those in the 
2.5O/hr and 4O/hr runs. Comparison with the isothermal runs suggests t h a t  the 
pigeonite cores in the 30°/hr run nucleated a t  -1165' while those in the  4 and 
2.5"/hr runs nucleated above 11 90". The more magnesi an (higher temperature) 
pigeonite cores in the  4O/hr r u n  compared to  the 2.5O/hr run are a t t r ibuted  to  
more oxidizing conditions (0.75 log un i t s )  during the 4O/hr run. A1 and Ti 
increase uniformly from the pigeonite cores to  the augite rims and groundmass 
augite. The trend i s  s imilar  to  t h a t  of 15499 (1)  lying below the 1:4 Ti:A1 
l ine.  In the 2.5O/hr run a few augite rims plot  close to the 1 :2 Ti :A1 l i n e  
(Fig. 2b). Minor element trends on an A1 (VI) CrTi p lo t  (Fig. 2c) are depend- 
ent on cooling rate.  

The close simi 1 a r i  ty  between the porphyritic textures and mineral -chemical 
trends of the monotonic cooling r a t e  runs and the Q N  basal t s  (1 )  suggest tha t  
a two stage cooling history (2)  i s  unnecessary. From t h i s  study i t  i s  possible 
t o  quantify, in pa r t ,  the cooling history of 15499. The pyroxene cores plot  
close to  pyroxenes from the 1188' isothermal run (Fig. 2a) suggesting t h a t  the 
magma cooled more slowly than 30°/hr, b u t  f a s t e r  than 4O/hr. The morphology 
of the pyroxene in 15499 compares favorably with the 10°/hr run (Fig. l c ) .  The 
experiments show tha t  the textural differences among QN basal ts  are a response 
primarily t o  monotonic cooling r a t e  and tha t  the differences in mineral 
chemistry are responses t o  differences in both cooling ra t e  and f02. 
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TABLE I U l ~ m p m e  h a l ~ r c s  a f  Start ing CvpOIlrlon and Minerals In Selected irperlnentr 

P B c Dl  O2 O3 D4 D5 

5 i02 4 8 . W  36.94 4 9 1 2  53.W 11.61 4 P 0 3  48.57 41.95 
TIOZ 1.16 n d .  n . 0  0 .36 C . 5 3  1 3 5  1 . 5 6  2.M 

al2O3 1 ' 1 9  n d  1 2 1 4  1 7 1  2.12 5 3 5  5.91 2 1 9  

Cr201 0 44  0.23 l.d. 0 94 1.06 1 . 8  I 26 0 49 
Fe0 1 8 0 1  31.51 1.01 1 4 1 4  ' 6 . 1 2  11.LO 12.78 2 1 5 3  
mo 0 2 s  0.32 n.d. 0 .31 0.36 0.32 0 3 4  0.45 
M Q O  9 1 6  3 1 2 9  0.23 2 6 5 2  24.83 16.91 15.19 9.55 
CaO 10.26 0.W 18.05 2 5 5  3.17 1 2 9 1  1 1 . e  1 1 , s  
Ha20 0.08 0 .d .  0.36 0.02 O W  0.03 0.03 0.01 

KzO 0.07 n . d .  0.09 n.d. n . d .  n.d .  n .d .  n.d. 

TOTN 99.33 IW.73 101.05 9 9 5 3  l W . M  100.10 1 0 1 . 0  1M.75 
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COW TI^ [2.5-C,h?i, 

TABLE 2 :  V a r i a t i o n  o f  C r y s t a l  W r p h o l o q y  w i t h  C o o l i n g  R a t e  

C o a l i n g  r a t e  
C/hr Olivine P l a q i o c l a s e  Pymxene 

1260 

d e n d r i t e s  

I 
none 

1 
d e n d r i t e s  

equant  
4 

a c i c u l a r  s k e l e t a l  phenocrysts  i n  
30 s k e l e t o n s  f a n  s p h e r u l i t i c  g m u n h s s  

1 
equant  s k e l e t a l  phenocrysts  I n  

2 .5  none randan fan s p h e r u l i t i c  and s u b - o p h i t i c  
gmundmass 
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F igu re  1 : Photomicrographs o f  r u n  products ,  a l l  2 mm across:  a. 433OC/hr, 
b. 30°C/hr, c. 10°C/hr, d. 2.5OC/hr. 

F igu re  2: Chemical data  on pyroxenes i n  c o o l i n g  and iso thermal  runs:  
a. Wo-En-Fs zoning t rends,  b. T i  -A1 behaviour,  c. T i  -Cr-A1 ( V I )  
t rends.  
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