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Characteris t ic  of returned lunar samples from both the Apollo and Luna 
missions, as compared t o  t e r r e s t r i a l  samples, i s  the vir tual  absence (except 
for  ppm amounts) of vol a t i  1 e phases. However, despite the careful procedures 
used for  contamination control during sample processing and examination, 
reports recur describing the presence of carbonates within a few 1 unar soi 1 s .  
Gay e t  a1 . (1 ) reported the presence of aragonite in Apol l o  11 soi l  . Carter 
(2,3) presented microprobe and scanning electron microscope data to  confirm 
the presence of c a l c i t e  in Luna 20 soi l  and Apol l o  16 s o i l s .  To date,  to  the 
best of our knowledge, there has not been any report of carbonate within a 
lunar rock. We believe tha t  we have evidence which points strongly to  the 
existence of a "carbonate-like phase" within lunar sample 67016. 

Sample 67016 has been studied in de ta i l  by Warner e t  a1 . (4)  and c las s i -  
f ied as a light-matrix breccia. The sample was collected a t  the rim c r e s t  of 
North Ray Crater and was probably excavated from depth during the North Ray 
cratering event ( 5 ) .  The sample i s  moderately coherent with several penetra- 
t ive  f rac tures .  Our sample, 67016,88, was an in te r io r  piece b u t  the exact 
location of the allocated sample with respect t o  the pre-existing f rac tures  
within the rock could not be determined. 

A piece of sample 6701 6 contained 35 pgC/g (6)  and 178 2 10 pgS/g ( 7 ) .  
Total nitrogen abundances obtained in t h i s  study aeiounted to  9 vgii/g.  Gas 
release studies of 67016,88 using the procedures o f  Gibson and Moore (8)  show- 
ed tha t  C02 was sharply released between 450-550°C (Figure 1 ) .  No previously 
examined lunar rock or  breccia displayed a s imilar  CO2 release prof i le .  The 
low temperature C02 evolution was identical to  release prof i 1 es observed pre- 
viously from t e r r e s t r i a l  carbonates: c a l c i t e ,  magnesi t e ,  and s i d e r i t e  (9, lO).  
C02 i s  also evolved from the sample above 950°C. This high temperature C02 
i s  typical of tha t  derived from lunar high grade breccias and resul t s  predom- 
inantly from pyrolysis of residual carbon; any CO2 which was trapped within 
the rock during brecciation may also be released a t  high temperatures. 

Acid hydrolysis and vacuum pyrolysis as described in Chang e t  a l .  (11) 
were used t o  ext rac t  C02 from the sample for  abundance and isotopic analyses. 
For each experiment separate rock chips were crushed in a tool s tee l  percus- 
sion mortar, then outgassed under vacuum ( < l o m 4  t o r r )  a t  150°C for  four hours 
to remove adsorbed t e r r e s t r i a l  gases. No attempt was made to  homogenize the 
samples. Pyrolysis data in Table 1 show tha t  the b u l k  of the carbon i s  re- 
leased as C02 (42 pgC/g) ,  56% (23 pgC/g) of which i s  evolved below 550°C. Thi s 
low temperature C02 corresponds t o  tha t  portion of the gas release prof i le  
(Figure 1 )  which i s  typical of carbonate decomposition. Comparable low tem- 
perature pyrolysis data are not ye t  available fo r  other Apollo 16 rocks. How- 
ever, by comparison the to ta l  amount of carbon released as C02 by vacuum pyro- 
lys i s  from 150-1200°C of f ive  other Apollo 16 rocks ranges from 1 t o  33 pgC/g 
(12).  Acid hydrolysis of a d i f ferent  chip of 67016,88 released 78 pgC/g in 
the form of C02, an amount higher by a fac tor  of two than previously observed 
in any other Apol lo  16 rock ( 1 2 )  or  rocks from other missions. 
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The 6 I3cpDB va lues f o r  C02 i n  Table 1 a re  a l l  i s o t o p i c a l l y  l i g h t  and f a l l  
w i t h i n  o r  c l o s e  t o  t h e  range between -15 and -35 O/oo c h a r a c t e r i s t i c  o f  t o t a l  
carbon i n  rocks  ob ta ined  from o t h e r  miss ions.  I n  o t h e r  A p o l l o  16 rocks ,  C02 
re leased  by a c i d  h y d r o l y s i s  e x h i b i t e d  i s o t o p i c  composi t ions r a n g i n g  f rom -20.1 
t o  -34.6 0100 (12 ) .  On t h e  o t h e r  hand C02 re leased  by a c i d  h y d r o l y s i s  o f  
A p o l l o  16 s o i l s  i s  i s o t o p i c a l l y  heavy rang ing  f rom 9.8 t o  15.2 O/oo (13 ) .  
Values of 6 l 3 c  DB i n  Tab le  1 f a l l  o u t s i d e  t h e  range o f  m e t e o r i t i c  carbonates 
(40 t o  70 o/oo! and f o r  p o t e n t i a l  sources o f  C02 contaminat ion  found i n  the  
l a b o r a t o r y  where t h e  analyses were performed, Furthermore, 
6l8OSMOW o f  t h e  CO2, which ranges f rom -16 t o  -33 O/oo, i s  much t o o  l i g h t  t o  
be atmospher ic C02, t h e  1 i k e l  i e s t  source o f  t e r r e s t r i a l  contaminat ion ,  f o r  
which 6 1 8 0 ~ ~ ~ ~  = 40 O/oo. 

Comparison o f  r e s u l t s  ob ta ined  f r o m  d i f f e r e n t  ch ips  o f  67016,88 by  t h e  
gas r e l e a s e  method ( F i g u r e  I ) ,  s tepwise p y r o l y s i s ,  and a c i d  h y d r o l y s i s  (Tab le  
1 )  suggest t h a t  t h e  t o t a l  C02 re leased  by  these methods comes f rom a t  l e a s t  
two sources, one o f  which appears t o  be "ca rbona te - l i ke " ,  and t h a t  t he  
"ca rbona te - l i ke "  phase appears t o  be heterogeneous bo th  i n  i t s  d i s t r i b u t i o n  
th roughout  the  sample and i n  i t s  i s o t o p i c  compos i t ion .  Wi th  t h e  a v a i l a b l e  
data  no f i r m  conc lus ion  can be drawn concern ing t h e  o r i g i n  o f  t h i s  carbon- 
bea r ing  phase. The c o l l e c t i o n  s i t e  o f  67016 a t  t h e  c r a t e r  r i m  c r e s t  suggests 
a p o s s i b l e  o r i g i n  w i t h i n  Nor th  Ray C r a t e r ,  w h i l e  t h e  i s o t o p i c  data  a re  incon-  
s i s t e n t  w i t h  a m e t e o r i t i c  o r i g i n .  It i s  a l s o  n o t  c l e a r  whether t h i s  phase i s  
unique t o  67016,88. The evidence f rom a c i d  h y d r o l y s i s  and gas r e l e a s e  s t u d i e s  
o f  a d d i t i o n a l  rocks  f rom Nor th  Ray C r a t e r  and o t h e r  A p o l l o  16 s i t e s ,  which 
re lease  CO2 (12, 14, 15) ,  may r e f l e c t  a widespread b u t  n o t  n e c e s s a r i l y  homo- 
geneous d i s t r i b u t i o n  ove r  t h e  e n t i r e  A p o l l o  16 s i t e  o f  rocks  bear ing  a 
"carbonate-1 i ke phase". A t  t h e  p resen t  t ime,  o p t i c a l  and m i  croprobe exami na- 
t i o n  o f  t h i n  sec t i ons  o f  sample 67016 a r e  be ing c a r r i e d  o u t  i n  an a t tempt  t o  
f u r t h e r  c h a r a c t e r i z e  t h i s  "carbonate-1 i ke phase". 
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Figure 1. Gas release pa t te rn  f o r  l i gh t -mat r i x  breccia 67016,88. Note the carbon d iox ide 
evolut ion between 450-550°C. 
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TABLE 1. Abundance and Iso top ic  Composition* o f  Carbon i n  Lunar Breccia 67016,88 

620.9 mg.SAMPLE 
f l mg. HEATING RATE 6 .  C/min. 

APOLLO 16 

0.285% TOTAL WEIGHT LOSS 
BLACK AND WHITE BRECCIA 

1 . 5 ~ 1 0 - ~  torr VACUUM 
67016,88 

Sample Weight Ext ract ion Method 
13 18 

~ g C / g  as 6 CpDB(C02) 6 OSmW (C02) 
co co2 

0.414 gms 1. Acid Hydrolysis 
6N- H2S04, 120°C 0 78 -32.83 -16.57 

44 hours 

0.484 gms 2. Vacuum Pyro lys is  
a. 150-550°C 4 23 -12.53 

b. 550-1 200°C 6 18 -14.08 

c. Combustion a t  
1200°C - 1 - 

Tota ls  10 42 

Isotopic  measurements were k i n d l y  suppl ied by Dr. I. R. Kaplan. 
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