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D r i l l  stem 70003  i s  t h e  s e v e n t h  stem below t h e  t o p  o f  t h e  

A p o l l o  17  D r i l l  S t r i n g .  C a l c u l a t i o n s  b a s e d  on X - r a d i o g r a p h s  

a n d  p r e v i o u s  d i s s e c t i o n s  o f  o t h e r  d r i l l  stems i n  t h e  s t r i n g  

p l a c e  t h e  t o p  o f  7 0 0 0 3  a t  211.7 cm b e l o u  t h e  l u n a r  s u r f a c e .  

Due t o  v a r i o u s  f a c t o r s  s u c h  a s  m e c h a n i c a l  c o m p a c t i o n ,  t h i s  

f i g u r e  is b u t  a c l o s e  a p p r o x i m a t i o n .  The d r i l l  s t r i n g ,  w i t h  

a  t o t a l  l e n g t h  o f  a b o u t  292.1 c m ,  h a s  t h r e e  m a j o r  

s t r a t i g r a p h i c  u n i t s :  a n  u p p e r ,  c o a r s e - g r a i n e d  b a s a l t i c  u n i t ,  

110 .7  cm t h i c k ;  a m i d d l e ,  f i n e - g r a i n e d  z o n e  53.6 cm t h i c k ,  

h i g h  i n  a n o r t h o s i t e ;  a n d  a l o w e r  z o n e  o f  a l t e r n a t i n g  c o a r s e  

a n d  f i n e  b a s a l t i c  a n d  b r e c c i a  material, 1 2 7 . 8  cm thick. 

D r i l l  stem 70003  i s  w h o l l y  c o n t a i n e d  w i t h i r  t h e  l o w e r  u n i t .  

The A p o l l o  17  Deep D r i l l  S t r i n g  was t a k e n  a b o u t  40 meters 

n o r t h  o f  t h e  ALSEP c e n t r a l  s t a t i o n .  

Upon e x t r a c t i o n  o f  t h e  d r i l l  s t r i n g  f rom t h e  d r i l l  h o l e ,  t h e  

s t r i n g  was s e p a r a t e d  i n t o  t h r e e  s e g m e n t s  f o r  p a c k i n g .  D r i l l  

stem 70003  was t h e  m i d d l e  stem o f  t h e  l o w e s t  segment .  Upon 

s e p a r a t i o n  i n  t h e  l a b ,  t h e  l o w e r  e n d  was p l u g g e d  a n d  ~ 0 t h  

e n d s  were c a p p e d .  E a r l y  PET a n d  c o l d  s t o r a g e  s a m p l e s  were 
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t a k e n  f r o m  t h e  u p p e r  13 m m  a n d  t h e  v o i d  t h u s  c r e a t e d  was 

p l u g g e d  b e f  o r e  r e c a p p i n g .  I n  p r e p a r a t i o n  f o r  t h e  m i l l i n g  

p r o c e s s ,  t h e  p l u g s  were p r e s s e d  d e e p e r  i o t o  t h e  t u b e  in 

o r d e r  t o  p r o v i d e  a p r o p e r  f i t  f o r  t h e  m i l l i n g  h a r d w a r e  a n d  

t o  l e s s e n  a n y  l o o s e n e s s  o f  t h e  s o i l .  The amount  of 

s h o r t e n i n g  d u e  . t o  t h i s  c o m p r e s s i o n  was 4 miii. The s o i l  

e x p o s e d  a f t e r  r e m o v a l  of  t h e  u p p e r  s p l i t  h a l f  o f  t h e  d r i l l  

stem was 38 .2  cm i n  l e n g t h ,  e x t e n d i n g  f rom 1.8  t o  40.0 cm on 

t h e  d i s s e c t i o n  s c a l e s .  

D i s s e c t i o n  began  a t  t h e  u p p e r  end  o f  t h e  c o r e  i n  o r d e r  t o  

more q u i c k l y  p r o c e s s  t h e  i n t e r v a l s  w i t h  d i s r u p t e d  r i n d .  

S t a n d a r d  5 m m  i n t e r v a l s  were t a k e n  t h r o u g h o u t ,  w i t h  t h e  

e x c e p t i o n  of l e a d - f r e e  s a m p l e  i n t e r v a l s  a t  4.0-5.5 cm a n d  

20.5-22.0 c m .  Red l i g h t  s a m p l e s  were t a k e n  i n  conjunction 

w i t h  t h e  l e a d - f r e e  s a m p l e s  a n d  a d d i t i o n a l l y  a t  10.0-10.5 cm 

and  30.0-30.5 cm. A l s o ,  t h e  i n t e r v a l  1.8-2.5 c n  was t a k e n  

t o  e v e n  up t h e  i n t e r v a l s .  U n u s u a l  o r  l a r g e  p a r t i c l e s  

t r a n s c e n d i n g  i n t e r v a l  b o u n d a r i e s  were i n d i v i a u a l i y  

c o n t a i n e r i z e d  a s  s p e c i a l  s a m p l e s .  Wherever  p o s s i b l e ,  i a r g e  
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p a r t i c l e s  were l o c a t e d  on a d i a g r a n  of t h e  i n t e r v a l  i n  o r d e r  

t o  r e c o r d  o r i e n t a t i o n s .  A l l  p a r t i c l e s  n o t  p a s s i n g  t h r o u g h  a 

1 m m  s i e v e  were c l a s s i f i e d ,  p h o t o g r a p h e d ,  a n d  containerized 

f o r  e a c h  d i s s e c t i o n  i n t e r v a l .  V o i d s  c r e a t e d  b y  t h e  

e x t r a c t i o n  o f  l a r g e  p a r t i c l e s  e x t e n d i n g  be low s t a n d a r d  

d i s s e c t i o n  d e p t h  were m a i n t a i n e d  i f  p o s s i b l e .  I t  was 

n e c e s s a r y  t o  remove  t h e s e  p a r t i c l e s  i n  o r d e r  t o  o b t a l n  a 

p e e i  s a m p l e .  A f t e r  p e e l i n g ,  t h e  r e m a i n i n g  c o r e  was 

i m p r e g n a t e d  w i t h  epoxy ,  t h e n  e n c a p s u l a t e ?  i n  a mold of more 

epoxy.  T h i s  mold p r o v i d e s  a b l o c k  o f  e p o x y  c o n t a i n i n g  

s a m p l e  which  is l o n g i t u d i n a l l y  sawn a n d  t r a n s v e r s e l y  c u t  

i n t o  b l o c k s  f o r  t h i n - s e c t i o o i n g .  
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A n a l y s i s  of Data 

The c o l l e c t e d  q u a n t i t a t i v e  d a t a  c o n s i s t s  of t h e  w e i g h t s  o f  

t h e  f i n e  f r a c t i o n  a n d  c o a r s e  f r a c t i o n  o f  e a c h  i n t e r v a l ,  p l u s  

t h e  w e i g h t s  o f  s p e c i a l  s a m p l e s .  I n  addition, f r e q u e n c y  

c o u n t s  o f  p a r t i c l e s  i n  t h e  c o a r s e  f r a c t i o n  were t a k e n  i n  

t h r e e  s i z e  r a n g e s  -- 1-2 m m ,  2-4 m m ,  a n d  g r e a t e r  t h a n  4 mm. 

Each s i z e  r a n g e  i s  a l s o  d i v i d e d  i n t o  s e v e n  c o m p o s i t i o n a l  

t y p e s .  F r e q u e n c i e s  are  c o m p u t e r - n o r m a l i z e d  t o  t h e  s t a n d a r d  

i n t e r v a l  w i d t h  a n d  a v e r a g e  w e l g h t .  G r a p h s  o f  n o r m a l i z e d  

f r e q u e n c i e s  v e r s u s  d e p t h  a r e  p l o t t e d  i n  e i g h t  g r o u p i n g s :  b y  

c o m p o s i t i o n a l  t y p e  f o r  e a c h  o f  t h e  t h r e e  s i z e  r a n g e s ;  b y  

c o m p o s i t i o n a l  t y p e  f o r  t h e  c o m b i n e d  s i z e s ;  b y  combined 

c o m p o s i t i o n s  f o r  e a c h  of t h e  t h r e e  s i z e s ;  a n d  by c o m b l n e d  

c o m p o s i t i o n s  f o r  t h e  combined  s i z e  r a n g e s .  When c o m b i r i n g  

s i z e s ,  scale f ac to r s  a r e  u s e d .  I n  a d d i t i o n  t o  t h e  f r e q u e n c y  

g r a p h s ,  a w e i g h t  p e r c e n t  c o a r s e n e s s  indicator is p l o t t e d .  

T h e  p e r c e n t a g e s  are computed  b y  d i v i d i n g  t h e  w e i g h t  of 

m a t e r i a l  g r e a t e r  t h a n  1 m m  i n  s i z e  by t h e  w e i g h t  o f  a l l  t h e  

m a t e r i a l  p e r  u n i t .  
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B i a s  i s  i n t r o d u c e d  b y  t h e  s a m p l i n g  s i z e  o f  t h e  6 r i l l  stem, 

i n  t h a t  t h e  p r e s e n c e  o f  a p a r t i c l e  a p p r o a c h i n g  t u b e  d i a m e t e r  

i n  s i z e  e l i m i n a t e s  t h e  p o s s i b i l i t y  of o c c u r e n c e  of o t h e r  

p a r t i c l e s .  O t h e r  s t a t i s t i c a l  e r r o r  is b r o u g h t  a b o u t  b y  t h e  

d i s c r e t e  s i z e  c a t e g o r i z a t i o n ,  r a t h e r  t h a n  a c o n t i n u o u s  size 

m e a s u r e m e n t  o f  e a c h  p a r t i c l e .  T h i s  e r r o r  i s  d e m o n s t r a t e d  by 

c o m p a r i n g  t h e  w e i g h t  p e r c e n t  c o a r s e n e s s  g r a p h  w i t h  t h e  

combined  c o m p o s i t i o n / c o m b i n e d  s i z e s  g r a p h .  The  l a c k  o f  

c o n g r u e n c e  t h a t  c a n  be  s e e n  is  p a r t i a l l y  d u e  t o  t h i s  

" p i d g e o n h o l e "  e f f ec t  a n d  p a r t i a i l y  d u e  t o  g e n e r a l i z i n g  

a s s u m p t i o n s  t h a t  had t o  b e  made i n  o r d e r  t o  combine  t h e  

d i s c r e t e  s i z e  c a t e g o r i e s .  O t h e r  b i a s e s  o r  e r r o r s  i n c i u d e  -- 
s a m p l i n g  be low s t a n d a r d  d i s s e c t i o n  l e v e l ,  measurement  e r r o r ,  

a s s u m p t i o n s  o f  u n i f o r m  d e n s i t y ,  a n d  m i s c l a s s i f i c a t i o n  o f  

lithology. B e a r i n g  t h e s e  i i m i t a t i o n s  i n  mind, 

i n t e r p r e t a t i o n  of t h e  c o n s t r u c t e d  g r a p h s  was n o t  a t t e m p t e d  

a t  t h e  o r d e r  o f  r e s o l u t i o n  a v a i l a b l e .  
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C o m p o s i t i o n a l  C l a s s i f i c a t i o n s  

S e v e n  c o m p o s i t i o n a i  c a t e g o r i e s  were u s e d  t o  c l a s s i f y  

p a r t i c l e s  g r e a t e r  t h a n  1 m m  i n  g r a i n  s i z e :  a n o r t h o s i t i c  

b r e c c i a  ( A N B X )  ; a g g l u t i n a t e s  (AGGL) ; d e v i t r i f i e d  o r  

p a r t i a l l y - c r y s t a l l i z e d  g l a s s e s  (PXGL) ; r e c r y s t a l l i z e d  o r  

h i g h - g r a d e  b r e c c i a  (BXEX) ; v e s i c u l a r ,  d r o p l e t ,  o r  f r e s h  

g l a s s e s  LVSGL) ; s o i l  o r  l o w - g r a d e  b r e c c i a  (SOBX) ; and  

b a s a l t i c  o r  c r y s t a l l i n e  r o c k  f r a g m e n t s  (BSRE). O f  t h e s e  

s e v e n ,  SOBX is t h e  mos t  a b u n d a n t .  

The c a t e g o r y  ItBSRFw i n c l u d e s  any  p a r t i c l e  which  is  

a p p a r e n t l y  n o t  r e c r y s t a l l i z e d  m a t e r i a l ,  b u t  which  i s  

p o l y c r y s t a l l i n e  a n d  c o n t a i n s  p l a g i o c l a s e  a n d  p y r o x e n e .  I n  

p r a c t i c e ,  some o f  t h e  s m a l l e r  p a r t i c l e s  c l a s s i f i e d  a s  BSRE1s 

may b e  m o n o m i n e r a l l i c .  Also ,  many p a r t i c l e s  a r e  s o i l  o r  

g l a s s  c o a t e d  t o  t h e  p o i n t  o f  b e i n g  b a r e l y  r e c o g n i z a b l e .  

Some s o i l  c o a t e d  BSBF8s may h a v e  b e e n  m i s c l a s s i f i e d  a s  

SOBXus f o r  t h i s  r e a s o n .  Most o c c u r  a s  f a i r l y  e q u a n t  c h u n k s  

w i t h  c o a r s e l y - t e x t u r e d  s u r f a c e s .  When t h e  r o u g h  p o c k e t s  i n  
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t h e  s u r f a c e  a re  f i l l e d  w i t h  s o i l ,  t h e y  a r e  e a s i l y  m i s t a k e n  

f o r  t h e  e q u a n t ,  s m o o t h - s u r f a c e d  SOBX1s. E f f o r t  was t a k e n  t o  

r emove  a s  much l o o s e  s o i l  as p o s s i b l e  w i t h o u t  s i g c i f i c a n t l y  

damaging  t h e  n o r m a l l y  f r i a b l e  -WBX1s i n  t h e  p r o c e s s .  Som 

BSRF1s h a v e  s h o c k e d  p l a g i o c l a s e  o r  a n o r t h o s i t i c  material .  

A N B X f s  may b e  d e r i v e d  d i r e c t l y  f r o m  t h i s  s o u r c e ,  i n  w h i c h  

c a s e  t h e y  are  more l i k e l y  t o  d i s p l a y  some e v i d e n c e  of 

c r y s t a l  s t r u c t u r e .  When f o u n d  a s  c las ts  i n  S3BX8s,  t h e y  

t e n d  t o  b e  s u g a r y  i n  t e x t u r e .  Some p a r t i c l e s  classified a s  

" A N B X t 1  may e i t h e r  b e  s o i l  c o a t e d  A N B X t  s o r  a n o r t h o s i t i c  

c l a s t s  f r o m  b r o k e n  SOBXts. SOBX'S t h e r e f o r e ,  e x c l u d e  w h i t e ,  

s u g a r y  masses o f  s u p p o s e d  a n o r t h o s i t i c  m a t e r i a l ,  e v e n  t h o u g h  

t h e  o n l y  d i f f e r e n c e  may b e  t h e  c o l o r  o f  t h e  s o i l  m a t r i x  i n  

which  i t  is f o r m e d .  SOBX refers t o  a p a r t i c l e  o f  w e l d e d ,  

non-white s o i l  matrix. Welding may h a v e  k e e n  b r o u g h t  a b o u t  

by h e a t ,  p r e s s u r e ,  s m a l l  a m o u n t s  o f  m o l t e c  g l a s s ,  o r  some 

c o m b i n a t i o n  o f  t h e s e .  When g l a s s  w e l d i n g  c r e a t e s  a more 

s p i n d l y  p a r t i c l e ,  i t  i s  c o n s i d e r e d  t o  be  a n  A G G L  r a t h e r  t h a n  

a more m a s s i v e  a n d  r o u n d e d  SOBX. SOBXas are  u s u a l l y  f r i a b l e  

a n d  o c c a s i o n a l l y  C r e a k  o p e n  t o  r e v e a l  a n  i n t e r i o r  o f  

P a g e  7 
by S r .  R e s .  A n a l y s t  
S t e p h e n  8.  W a l t z  
N o r t h r o p  S e r v i c e s  Inc. 



REPORT ON DRILL STEM 70003 

c r y s t a l l i n e  mash. O t h e r s  s i m p l y  d i s i n t e g r a t e  when b r o k e n .  

C e r t a i n  SOBX'S a re  d i s t i n g u i s h e d  as  medlum g r a d e  i n  t h a t  

t h e y  a re  t o u g h e r  a n d  s e e m i n g l y  t r a n s i t i m a l  t o  t h e  c a t e g o r y  

o f  BXBX. R X B X  is  a n  a n g u l a r ,  w a x y - a p p e a r i n g  p a r t i c l e  that 

would  seem t o  b e  t h e  h i g h  g r a d e  e q u i v a l e n t  o f  SOBX o r  A N B X .  

PXGL is somewhat  s imi l a r  i n  a p p e a r a n c e  t o  RXEX, b u t  r e a d i l y  

d i s t i n g u i s h e s  i t s e l f  w i t h  a d u l l e r  s u r f a c e  l u s t e r  a n d  

c h a r a c t e r i s t i c  g l a s s  f r a c t u r e  s h a p e s .  VSGL re fe rs  t o  f r e s h ,  

v i t r e o u s  g l a s s  which  o c c u r s  a s  b e a d s ,  s h a r d s ,  or  c o a t i n g s .  

It i s  o f t e n  f o u n d  a s  c o a t i n g s  o n  SOBX a n d  c a u s e s  some 

d i f f i c u l t y  i n  c l a s s i f i c a t i o n ,  a s  SOBX may b e  g l a s s  welded.  
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D e s c r i p t i o n  o f  P h y s i c a l  U n i t s  

D r i l l  stem 70003  i s  e n t i r e l y  w i t h i r ,  t h e  lower m a j o r  u n i t  o f  

t h e  d r i l l  s t r i n g .  The  t r a n s i t i o n  f r p m  t h e  a l t e r n a t i n g  l i g h t  

and d a r k  l a y e r s  i n  70002  t o  t h e  s l i g h t l y  o r a n g i s h ,  m a s s i v e  

s o i l  b r e c c i a - r i c h  70004 c a n  b e  s e e n  a t  a b o u t  1 0 . 5  cm. T h i s  

b o u n d a r y  is  q u i t e  d e f i n i t e ,  a n d  a i t h p u g h  n o t  o f  t h e  

m a g n i t u d e  of a m a j o r  c o n t a c t ,  i t  is t h e  p r i m a r y  d i v i d i n g  

i i n e  i n  t h i s  d r i l l  stem. 

The u p p e r  7 0 0 0 4 - l i k e  u n i t  i s  composed m o s t l y  o f  small, 

r o u n d e d ,  homogenous,  s l i g h t l y  f r i a b l e  s o i l  b r e c c i a .  

O c c a s i o n a l  c o n c e n t r a t i o n s  o f  v e s i c u l a r  g l a s s  a n d  g l a s s  b e a d s  

a r e  s e e n .  The v e r y  l a r g e  p a r t i c l e s  of  90004 a r e  n o t  i n  

e v i d e n c e .  T h e  c o l o r  tone h a s  a s l i g h t  r e d d i s h  o r  o r a n g i s h  

cast.  

The l o w e r  7 0 0 0 2 - l i k e  u n i t  h a s  c o a r s e  z o n e s  o f  b a s a l t i c  

m a t e r i a l  a n d  v e r y  f i n e - g r a i n e d  z o n e s  o f  d i v e r s e  l i t h o l o g y .  

O c c a s i o n a l  c o n c e n t r a t i o n s  o f  w h i t e  a n o r t h o s i t i c  b r e c c i a  and  
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s o i l  t l d r o p l e t s w  a r e  e x p r e s s e d  i n  t h e  a l t e r n a t i n g  l i g h t  

zones .  The o v e r a l l  t o n e  is  more n e u t r a l  t h a n  t h e  u p p e r  

u n i t .  

I n  d r i l l  stem 70003,  6 m ino r  u n i t s  are marked o f f  i n  t h e  

7 0 0 0 2 - l i k e  zone  a n d  1 i n  t h e  7 0 0 0 4 - l i k e  zone .  The mino r  

u n i t s  are f u r t h e r  s u b d i v i d e d  i n t o  19 s u b - u n i t s  i n  a l l ,  

m o s t l y  b a s e d  on v a r i a t i o n s  s e e n  i n  t o n a l ,  c o h e s i v i t y ,  

c o a r s e n e s s ,  a n d  c o m p o s i t i o n a l  f a c t o r s .  See t h e  a t t a c h e d  

c h a r t  f o r  a d e t a i l e d  a c c o u n t  o f  t h e s e  v a r i a t i o n s .  
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