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T o t a l  s u l f u r  abundances have been measured i n  31 Apol l o  17 s o i l s ,  basal  t s  
and b r e c c i a s  u s i n g  t h e  procedures o f  Gibson and Moore ( 1 ) .  Resu l t s  a r e  g i ven  
i n  Tab le  1.  C a l i b r a t i o n  s tandards  were NBS s t e e l  55e (S = llO+-10 i_rgS/g) and 
USGS re fe rence  r o c k  BCR-1 ( S  = 4 6 4 5 0  pgS/g) .  S u l f u r  va lues  ob ta ined  i n  t h i s  
s tudy  a r e  s i m i l a r  t o  t h e  x - r a y  f l uo rescence  va lues  r e p o r t e d  i n  t h e  A p o l l o  17 
LSPET r e p o r t  ( 2 ) .  Powders used f o r  17 of t h e  samples ana lyzed were t h e  same 
s p l i t s  used f o r  t h e  A p o l l o  17 LSPET s t u d i e s .  

Apol l o  17 basa l  t s  have u n u s u a l l y  h i g h  s u l f u r  con ten ts  (1580 t o  2770 p g ~ / g )  
as compared t o  A p o l l o  12 and 15 basal  t s  and t e r r e s t r i a l  b a s a l t s  ( 3 ) .  However, 
s u l f u r  c o n c e n t r a t i o n s  a r e  a lmost  i d e n t i c a l  w i t h  those r e p o r t e d  f o r  t h e  Apol l o  
11 basal  t s  (mean v a l  ue = 2200 pgS/g ( 4 )  ) . A p o l l  o  17 basal  t s  have s u l f u r  con- 
t e n t s  10 t o  100 t imes g r e a t e r  t han  some f r e s h  Hawai ian b a s a l t s  which c o n t a i n  
20 t o  200 pgS/g ( 5 ) .  Enrichment i n  s u l f u r  f o r  A p o l l o  17 and 11 t i t a n i u m - r i c h  
b a s a l t s  as compared t o  those f rom o t h e r  mare s i t e s  i n d i c a t e s  a  h i g h e r  s u l f u r  
c o n t e n t  i n  t h e  l u n a r  magma(s) which generated these b a s a l t s .  Enr ichment i n  
s u l f u r  r e q u i r e d  ps2 va lues  g r e a t e r  t han  t h a t  n o r m a l l y  found f o r  t e r r e s t r i a l  
magmas. S u l f u r  i s  u s u a l l y  found as FeS, an accessory phase, i n  l u n a r  b a s a l t s .  
A  n e g a t i v e  c o r r e l a t i o n  between % m e t a l l i c  i r o n  ( 6 )  and s u l f u r  c o n t e n t  f o r  
A p o l l o  17 b a s a l t s  occurs  ( F i g .  1 ) .  T h i s  c o r r e l a t i o n  suggests t h a t  a  p o r t i o n  
o f  t h e  m e t a l l i c  i r o n  i n  l u n a r  b a s a l t s  may r e s u l t  f r om d e s u l f u r a t i o n  o f  t h e  
m e l t  p r i o r  t o  c r y s t a l l i z a t i o n  f r o m  t h e  l u n a r  magma. 

S u l f u r  con ten ts  f o r  t h e  t h r e e  ma jo r  r o c k  t ypes  found a t  t h e  A p o l l o  17 
s i t e  va ry  w i t h  t h e i r  ma jor  e lement c h e m i s t r y  ( 2 ) .  Basa l t s  w i t h  FeO con ten ts  
between 18 and 20% have s u l f u r  c o n c e n t r a t i o n s  between 1580 and 2770 ugS/g ( F i g .  
1 ) .  Two a n o r t h o s i t i c  r o c k s  have S  c o n t e n t s  o f  270 and 368 pgS/g w h i l e  t h e i r  
FeO con ten t  v a r i e s  between 5.14 and 6.19%. A n o r t h o s i t i c  gabbro 77017 which 
has been seve re l y  shocked r e s u l t i n g  i n  g l a s s  i n j e c t i o n  th roughou t  t h e  f r a c -  
t u r e s  has a  s u l f u r  c o n t e n t  o f  955 pgS/g. H igher  S  suggests a d d i t i o n  o f  S  t o  
t h e  sample d u r i n g  t h e  c a t a c l a s t i c  even t  which i n t r o d u c e d  t h e  me1 t i n t o  t h e  
f r a c t u r e s  o f  t h e  sample. 

N o r i t i c  b r e c c i a s  which have FeO va lues  between 8.70 and 11.58% have S  
con ten ts  between 720 and 950 pgS/g. These abundances a r e  i n t e r m e d i a t e  t o  
those o f  t h e  Apol l o  17 a n o r t h o s i  t i c  and basa l  t i c  r o c k s  ( F i g .  1  ) .  Three sepa- 
r a t e  samples f rom t h e  n o r i  t i c  b r e c c i a  7631 5  produced S  va lues  o f  755, 950 and 
785 pgS/g f o r  (1  ) composi te sample, ( 2 )  da rk  g ray  phase and ( 3 )  b lue -g ray  
phase r e s p e c t i v e l y .  The narrow c o n c e n t r a t i o n  range i n d i c a t e s  t h a t  f o r  t h e  3  
separa te  samples analyzed,  s u l f u r  d i s t r i b u t i o n  i s  s i m i l a r  th roughout  t h e  
sample. Duni t e  c l a s t  7241 5 con ta ined  t h e  l owes t  s u l f u r  c o n t e n t  ( 4 4 3  0  pgS/g) 
o f  any A p o l l o  17 sample examined. The low s u l f u r  c o n t e n t  was s i m i l a r  t o  those 
measured f o r  t h e  w h i t e  p o r t i o n  o f  t h e  b l a c k  and w h i t e  b r e c c i a s  f rom A p o l l o  16. 
However, these two samples d i f f e r  w i d e l y  i n  t h e i r  chemical compos i t ions .  Both 
t h e  a n o r t h o s i t i c  m a t e r i a l s  and t h e  d u n i t e  c l a s t  a r e  l ow  i n  t h e  s u l f u r  c o n t e n t .  
S o i l  b r e c c i a  7931 5  c o n t a i n s  a  s u l f u r  va lue  (1020 vgS/g) i n t e r m e d i a t e  between 
t h e  mass i f  samples and s u b f l o o r  b a s a l t s .  The d i f f e r e n c e s  i n  S  c o n t e n t  between 
mass i f  samples (275 t o  950 pgS/g) and mare b a s a l t s  (1580 t o  2770 ugS/g) 
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i n d i c a t e s  e i t h e r  t h a t  h tgh land  m a t e r i a l s  were i . n i t i a l l y  low i n  s u l f u r  o r  t hey  
have been e f f i c i e n t l y  outgassed and dep le ted  i n  s u l f u r  r e l a t i v e  t o  mare 
basal  t s .  

Orange s o i l  74220 has a  chemical compos i t ion  s i m i l a r  t o  t h e  A p o l l o  17 
t i t a n i u m - r i c h  b a s a l t s  ( 2 ) .  However, i t s  s u l f u r  con ten t  i s  o n l y  550 and 750 
ugS/g ( 2  separa te  sample a1 l o c a t i o n s )  The low s u l f u r  con ten t ,  i n  1  i g h t  o f  t h e  
b a s a l t i c  compos i t ion  ( ~ i g .  1  ) , shows t h a t  whatever mode o r  o r i g i n  chosen f o r  
t h e  orange s o i l  ( f i r e  f o u n t a i n i n g  o r  impact  d e r i v e d  (7)) t h e  process was ex- 
t reme ly  e f f i c i e n t  i n  removing s u l f u r  f rom t h e  sample, o r  we a r e  l o o k i n g  a t  
m a t e r i a l  f rom a  d i f f e r e n t  source w i t h  t h e  same major  element chemis t ry .  Low 
s u l f u r  con ten t  a long  w i t h  assoc ia ted  su r face  c o r r e l a t e d  v o l a t i l e  elements and 
compounds i s  cons i  s t e n t  w i t h  t h e  f i r e  f o u n t a i n i n g  hypothes is  because t e r r e s -  
t r i a l  p y r o c l a s t i c  m a t e r i a l s  w i t h  s i m i  1  a r  morphologies a r e  a1 so ex t remely  
dep le ted  i n  s u l f u r  r e l a t i v e  t o  t h e  source m a t e r i a l s .  The d e p l e t i o n  i n  s u l f u r  
i n d i c a t e s  severe ou tgass ing  o f  t h e  m a t e r i a l  d u r i n g  t h e  p y r o c l a s t i c  event  and 
assoc ia ted  e l e v a t e d  temperatures.  The ex t remely  low v e s i c u l a r i t y  o f  t h e  
orange g lass  suppor ts  t h e  hypo thes i s  t h a t  t h e  samples were n e a r l y  comple te ly  
"degassed". 

Twelve A p o l l o  17 s o i l s  have s u l f u r  concen t ra t i ons  rang ing  f rom 550 t o  
1300 ugS/g. Those s o i l s  c o l l e c t e d  a t  b o t h  t h e  Nor th  and South Mass i fs  have 
s u l f u r  c o n c e n t r a t i o n s  below 1000 ugS/g w i t h  t h e  excep t ion  o f  s o i l  78501 (1125 
ugS/g) c o l l e c t e d  a t  t h e  Scu lp tu red  Hi1  1s S t a t i o n .  S o i l s  c o l l e c t e d  on t h e  
Taurus-Li  t t r o w  v a l l e y  f l o o r ,  wh ich  were assoc ia ted  w i t h  t h e  s u b f l o o r  basal  t s ,  
have s u l f u r  c o n c e n t r a t i o n s  g r e a t e r  t han  1000 pgS/g w i t h  t h e  excep t ion  o f  t h e  
orange s o i l ,  which a p p a r e n t l y  i s  a  s p e c i a l  case. 

T o t a l  s u l f u r  con ten ts  o f  A p o l l o  17 s o i l s  can be accounted f o r  by  a  s imple  
m ix ing  model between t h e  mare b a s a l t s  which a r e  en r i ched  i n  s u l f u r  and mass i f  
m a t e r i a l s  which a r e  dep le ted  i n  s u l f u r .  A d i r e c t  c o r r e l a t i o n  between the  pe r -  
cen t  b a s a l t i c  component i n  t h e  s o i l s  w i t h  t o t a l  s u l f u r  con ten t  o f  t h e  s o i l s  
can be seen i n  F ig .  2. The pe rcen t  b a s a l t i c  component i s  ob ta ined  f rom t h e  
pe t rog raph ic  s tudy  o f  A p o l l o  17 s o i l s  by  Hei ken and McKay (8) and t h e  Apol l o  
17 Sample Cata log ( 9 ) .  A d d i t i o n a l  m i x i n g  models cons t ruc ted  by Schonfeld (10) 
f o r  A p o l l o  17 s o i l s  i n d i c a t e s  t h a t  around 1  t o  2% m e t e o r i t i c  component (based 
upon the  N i  c o n t e n t )  i s  p resen t  i n  t h e  A p o l l o  17 s o i l s .  Moore e t  a1 . (11) have 
shown t h a t  s u l f u r  a d d i t i o n  t o  t h e  l u n a r  f i n e s  f rom m e t e o r i t e  i n f a l l  (based up- 
on C-1 compos i t ion  o f  S  = 6.0%) i s  n o t  s i g n i f i c a n t  i n  c o n t r i b u t i n g  t o  t h e  ob- 
served s u l f u r  abundances f o r  l u n a r  f i n e s .  T h e i r  m i x i n g  model does n o t  t ake  
i n t o  account s u l f u r  f rom t h e  s o l a r  wind (on l y  a  minor  c o n t r i b u t o r )  o r  r e c y c l e d  
m e t e o r i t i c  s u l f u r ,  b u t  i t  does i n d i c a t e  t h a t  l a r g e  amounts o f  s u l f u r  cannot 
have been added t o  t h e  l u n a r  s u r f a c e  f rom meteo r i t es  un less  some major  l o s s  
mechanism has operated.  Gibson and Moore (1 ) have shown t h a t  s u l f u r  can be 
v o l a t i l i z e d  s l o w l y  f rom l u n a r  s o i l s  a t  temperatures as low as 750°C and such 
su r face  processes as m i c r o c r a t e r i n g ,  vapor t r a n s p o r t  and l u n a r  outgass ing may 
move smal l  amounts o f  s u l f u r  around on t h e  l u n a r  sur face.  However, t h e  major  
process which accounts f o r  s u l f u r  abundances i n  l u n a r  f i n e s  i s  m i x i n g  o f  s u l -  
f u r - r i c h  components such as mare b a s a l t s  w i t h  s u l f u r - p o o r  m a t e r i a l s  l i k e  anor-  
t h o s i  t e  and n o r i  t i c  b r e c c i a s .  
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Table 1 
A m 1 0  17 TOTM. SULFUR ABUtIOAIICES - 

D e s c r l p t l o n  wan pqS1g 

Bara l  t 1580 t 4 0  
70215.2 B a s a l t  2210 t 3 0  
70215,54 B a s a l t  2210 t 20 
74275.56 B a s a l t  1650 t 20 
75035.37 B a s a l t  2770 t 4 0  
75055,6 & s a l t  2210 t 20 

. - . . - , - - . . . . . . . . . 
72435.1 . I l o r l t l c  b r e c c l a  945 t 20 
73275.24 'Green-gray b r e c c i a  927 1 1 0  
76055,5 I l o r l t i c  b r e c c i a  720 t 4 0  
76230.4 Anorthosl  ce 270 t 20 
76315.2 H o r f t i c  b r e c c i a  755 t 4 0  
76315.33 Dark-gray phase o f  o o r i t i c  b r e c c l a  950  t 30 
76315.65 Blue-gray phase of n o n t i c  b r e c c i a  785 t 20 
77017.2 Anor thos i t i c  gabbro w i t h  g l a s s  955 t 2 0  
77135.2 K o r i t l c  b r e c c i a  SO0 t 30  
78155.2 A n o r t h o s i t e - c a t a c l a L i t e  368 t 15  
79135.1 Dark l r d t r i x  b r e c c i a  1020 t 2 0  

S.L.S.C. s o l 1  1300 t 30 
LRY s t o p  between ST 2-3 630  t 30  

Orange s o i l  560  t 2 0  
D v ~ n n r  c n l l  750 f 20 -. - . a - - - . . . .. - -- 
Gray $01 1 laSO t 20 

LRY s top  between ST 5-6 1260 t 30 
LRV s t o p  between ST 5-6 1140 1 20 

S o i l  beside S t a t i o n  6 b o u l d e r  850  2 1 0  
S o i l  beside S t a t i o n  6 b o u l d e r  795 t 20 
5011 bestde S t a t i o n  6 b o u l d e r  822  t 1 0  

Rake re fe rence  s o i l  665 r 4 0  
Rake re fe rence  s o i l  1125 t 2 0  

APOLLO 17 BASALTS 
METALLIC Fe vs SULFUR 
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Figure 1. n g t a l l i c  i ron  content vs. t o t a l  su l fu r  f o r  r p o l l o  17 
b rsa l t s ,  h data trken fm (6). . 
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Flgure 2. FeO content a d  t o t a l  s u l f u r  C o r n l a t i M s .  FrO d.tr 
taken frot (2) .  
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figu" 3 ~ o u l  sul fur  vs. percent t u s ~ l t i c  so lponn t  i n  s o i l s -  
p o r w t  k l t i c  -mt -LID f~ (8). 
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