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Rock 77017 belongs t o  the  group of brecciated anor thos i t i c  t o  gabbroic 
rocks recognized by t h e  Apollo 17 Preliminary Examination Team (1) a s  
possibly preserving pre-brecciat ion t ex tu re s  and mineral compositions. They 
noted the  presence of plagioclase-r ich areas  with apparent cumulate t ex tu re ,  
l a rge  pyroxene o ikocrys ts  surrounding plagioclase and o l iv ine ,  and ve in l e t s  
of l a t e r  (?) glass .  A s  shown by the  PET chemical ana lys is  (1) the rocks i s  
very plagioclase-r ich and the  bulk normative pyroxene contains approximately 
15% Wo. This con t r a s t s  with t y p i c a l  Apollo 16 p o i k i l i t i c  rocks which contain 
10 t o  30% l e s s  plagioclase than 77017, coexist ing with predominantly low-Wo 
pyroxene (2,3,4) . 

Our study i s  based on petrographic examination of  polished t h i n  sec t ions  
77017,68; 77017,75; 77017,84; and 77017,87; with microprobe analyses of 
major phases i n  sec t ions  68 and 75. The apparent sequence of events i n  the  
development of rock 77017 i s  a s  follows. 

1. Formation of a very plagioclase-r ich rock, apparently by a process 
of c r y s t a l  accumulation. A l l  s ec t ions  examined contain areas  cons is t ing  of 
a mosaic of  equant plagioclase gra ins  with l o c a l  i n t e r e s t i t i a l  o l iv ine ,  No 
pyroxene was observed i n  these  areas .  The t ex tu re  of  these patches resembles 
t h a t  of t e r r e s t r i a l  plagioclase-r ich cumulates, Within these patches,  
plagioclase and o l i v i n e  a r e  now both mildly shocked. 

2 .  Granulation. The plagioclase-r ich rock was then crushed. This 
granulation was r a t h e r  var iab le  i n  i t s  e f f e c t s ,  leaving some areas  of 
cumulate t ex tu re  a l m s t  i n t a c t ,  

3. Growth of augi te  and pigeoni te  oikocrysts .  The oikocrysts  include 
o l i v i n e  and p lag ioc lase  gra ins ,  bu t  on pyroxenes. The o l iv ines  a r e  rounded 

- - 

and unzoned with l imi ted  compositional range (Fo63-60). A t yp ica l  ana lys i s  
is  given i n  Col. 6 ,  Table 1, Plagioclase inclusions may be subhedral and 
equant; rounded; angular fragmental; o r  metamict. The t e x t u r a l  va r i e ty  of 
these inclusions ind ica t e s  c l e a r l y  t h a t  the  oikocrysts  a r e  secondary. The An 
content  of d i f f e r e n t  gra ins  may be anywhere between 85 t o  93 mol %, but  
individual  p lag ioc lase  inclusions show l i t t l e  systematic var ia t ion  i n  t h e i r  
Ca/Na/K contents ,  A l l  chadacrysts a r e  s l i g h t l y  enriched i n  Fe a t  t h e i r  
margins: FeO content ranges from 0,18-0,31 w t ,  % i n  plagioclase chadacryst 
cores ,  versus 0,31-0.53 i n  rims, A t yp ica l  plagioclase chadacryst ana lys i s  
is  given i n  Col. 7, Table 1; t h i s  i s  f a i r l y  representa t ive  of average 
plagioclase i n  t he  rock. Both plagioclase and o l iv ine  chadacrysts contain 
t i n y  sub-spherical inc lus ions  of each o ther .  

The o ikocrys ts  a r e  zoned from a l l  g ra in  boundaries so t h a t  the  sequence 
across  any given channel between inclusions i s  high-low-high Ca f o r  augi te  
o i l o c r y s t s  and low-high-low Ca f o r  pigeoni te ,  with zoning most extreme where 
channels a r e  widest.  This zoning pa t t e rn  suggests t h a t  each oikocryst  grew 
as  a chemically i s o l a t e d  system, which is cons is ten t  with t h e i r  present 
physical  i s o l a t i o n  from each o the r .  Nowhere a r e  pigeoni te  and augi te  
oikocrysts  observed i n  contact .  The ranges of pigeoni te  and augi te  composi- 

t i ons  a r e  shown i n  Fig.  1, with representa t ive  analyses i n  Table 1, Cols. 1-5. 
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Note the  very l imi ted  Fe/Mg va r i a t i on .  Pigeonite oikocrysts ,  desp i te  t h e i r  
extensive zoning, appear t o  be single-phase and monoclinic throughout. No 
exsolution lamellae were detected i n  them e i t h e r  o p t i c a l l y  o r  by microprobe; 
X-ray inves t iga t ion  i s  i n  progress,  In  con t r a s t ,  augi te  oikocrysts  have 
prominent lamellae of low-Ca pyroxene. Our sec t ions ,  a s  wel l  a s  t he  bulk 
ana lys is  ( I ) ,  ind ica t e  t h a t  augi te  oikocrysts  a r e  more common than pigeoni te .  

4. More granulat ion.  In  t h i s  s t age ,  the  oikocrysts  themselves were 
crushed and r o l l e d ,  with t r a i l s  of oikocryst  pyroxene fragments extending i n t o  
the  more f ine ly  granulated port ions of t he  rock. Crushing was accompanied by 
reheat ing s u f f i c i e n t  t o  s i n t e r  t h e  crushed groundmass. Possibly a t  t h i s  time, 
v e i n l e t s  of l i g h t  brown g lass ,  whose composition i s  shown i n  Table 1, Col, 8 ,  
were in j ec t ed  i n t o  t h e  rock, The o r i g i n  of t h i s  g l a s s  i s  uncertain,  bu t  it 
may have been produced by impact melting. 

5 .  Formation of rounded c l a s t s ,  Each of these c l a s t s  may include a l l  
of t he  mater ials  described above, and t h e i r  boundaries t r ansec t  o ikocrys ts ,  
granulat ion zones and g l a s s  v e i n l e t s  a l i k e ,  The c l a s t s  a r e  coated with a  
dark-brown, highly ves icu lar ,  Ti02-rich g l a s s  (Col, 9, Table l ) ,  This g lass  
contains i lmenite  phenocrysts (Col. 10,  Table 1). It appears t o  be completely 
unrelated chemically t o  the r e s t  of rock 77017, and i s  presumably derived 
from high-Ti mare b a s a l t s ,  which occur among the  Apollo 17 samples. Where 
t h i s  g l a s s  t r ansec t s  t h e  o lder  g l a s s  ve in l e t s ,  t he re  is  a narrow zone i n  
which T i  has diffused i n t o  the  v e i n l e t  and A 1  towards the  selvedge, There is 
no evidence f o r  any subsequent heat ing o r  deformation, 

Based on the  observations summarized above, we conclude: 1, The o r i g i n a l  
plagioclase cumulate sequence must have contained intercumulus pyroxenes a s  
well a s  t h e  preserved intercumulus o l iv ine ,  These pyroxenes, from which the 
present  generation of oikocrysts  developed, had a  l imi ted  Fe/Mg range, but  
there  must have been extreme l o c a l  va r i a t i ons  i n  Wo from l aye r  t o  l aye r  i n  
t h e  sequence, because the  present  r a t i o  of pigeonite t o  augi te  oikocrysts  
var ies  grea t ly  from sec t ion  t o  sec t ion ,  2, Stage 2 above involved s u f f i c i e n t  
heat ing t o  cause l o c a l  remelting of pyroxene-rich areas  within the  crushed 
cumulate. The o ikocrys ts  and possibly the  iron-rich rims of the  plagioclase 
chadacrysts c r y s t a l l i z e d  from these  i s o l a t e d  pools of melt .  They cannot have 
formed by subsolidus react ion;  t h e  zoning pa t t e rns  observed, and the  presence 
of single-phase pigeoni te  o ikocrys ts  with +de compositional range shown i n  
Fig. 1 v i r t u a l l y  require  c r y s t a l l i z a t i o n  from a melt (5 ) .  3. There was no 
mixing with o the r  rock types u n t i l  t h e  f i n a l  impact event,  which was accom- 
panied by in j ec t ion  of high-Ti g l a s s .  
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