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The d is t r ibut ion  and valence of iron in lunar material has important 
consequences f o r  lunar evolutionary models and fo r  lunar physical propert ies .  
With spec i f i c  regard t o  returned Apollo samples, the chemical s t a t e  of the 
iron i s  related t o  the occurrence of surface processes such as localized o r  
wide-spread reheating leading t o  molten-state o r  subsolidus reduction. The 
changes in the chemical s t a t e  of iron tha t  accompany these processes are  re- 
f lec ted  in several basis physical properties of lunar surface material such 
as i t s  magnetic remanence and it:  optical propert ies .  

Metal l ic-ferrous r a t ios  (Fe /Fezf) and the d is t r ibut ion  of iron 
mineral phases have been determined by Fe57 MBssbauer spectroscopy,l 
Table I .  The to ta l  amount of Fe in s i l i c a t e  phases can be eas i ly  determined; 
however, since the absorption peaks ar i s ing  from ~ e 2 +  in pyroxene, o l iv ine ,  
and glass overlap considerably, the separation of the contributions of each 
phase i s  d i f f i c u l t .  An approximate method of determining the pe centage of 
Fe in 01 ivine when the percentage i s  3 1 0 %  has been described . I T  However, 
there i s  s t i l l  no accurate way of separating spectral  contributions of the 
Fe in glass from tha t  in pyroxene. Therefore, values a t t r ibuted  t o  pyroxene, 
Table I ,  a lso contain any glass-phase contributions present.  (Those samples 
fo r  which pctrographi c analysi s or  1 arge MBssbauer 1 i newi dths c lear ly  i ndi - 
cate s igni f icant  amounts of ~ e 2 *  in glass are noted.) The metal l ic  Fe phase, 
which generally contains small amounts of Ni and/or Co, i s  not detectable u n -  
l e s s  i t  contains a t  l e a s t  0.5 t o  1.0% of the to ta l  Fe. Consequently, the 
lower l imi t  fo r  metallic-ferrous r a t ios  i s  of the order of 0.005 to  0.01. In 
addition, any metal l ic  Fe which i s  superparamagnetic a t  77°K cannot be de- 
tected. 

Ferrous-metallic r a t ios  were also determined from laboratory measure- 
ments of two room temperature magnetic properties; spec i f i ca l ly ,  the satura-  
t ion magnetization extrapolated t o  ero applied f i e l d ,  I s ( 0 ) ,  and the high- 
f i e l d  l inear  suscep t ib i l i ty ,  xa .  3-sf These properties were assumed to  be pro- 
portional to  the amount of metal 1 i c  (ferromagnetic) iron and noninteracting 
ferrous (paramagnetic)iron, respectively.5)  The ~e"/Fe2+ r a t i o  obtained by 
magnetic analysis i s  systematically higher than the Mossbauer r e s u l t  for  
those samples containing s igni f icant  amounts of ol ivine and s l igh t ly  lower 
on the average fo r  samples not containing o l iv ine .  Liquid helium Mossbauer 
spectra in i ca te  a stronger interact ion between Fezt spins in ol ivine than in P pyroxence6 which might explain the former discrepancy i f  i t  resulted in a 
non-linear contribution t o  the room temperature suscept ib i l i ty .  The l a t t e r ,  
somewhat smaller,  discrepancy probably a r i ses  from f i  ne-grained (51 O O O A )  
metal 1 i c  Fe which behaves superparamagnetical ly a t  300 K and thus contributes 
t o  xa ra ther  than I s ( 0 ) .  
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i F ,  coarse f i n e s .  ( c )  No Mossbauer ana y s i s  p r e s e n t l y  a v a i l a b l e .  (d)  Approx. 6% o f  the  Fe2+ 
i s  conta ined i n  a d i s t i n c t  g lass  phase.21 ( e  Approx. 2% o f  the  Fe2+ i s  conta ined i n  an un- 
i d e n t i f i e d  magnetic phase, p o s s i b l y  a s p i n e l  .21 * S i g n i f i c a n t  amounts o f  Fez+ i n  g lass .  

o f  Lunar Samples Table I .-Phase D i s t r i b u t i o n s  o f  Fe and F e 0 / ~ e 2 +  Rat ios  

Sample 
No. 

10024 
10045 
10084 
10085(c) 
12053 
12070 
14047(d{ 
14053 ( e  
14063 
14259(d) 
14301 
14303 
14311(c) 
15058 
1 541 8 
15495 
15555 
15556 
6001 6 
60255 
60315(c) 
61156-11 
61156-12 
66055 
66095 
67455 
6841 5 
68815(e) 
70017(c) 
75083 
7701 7 

a)  Reported 

Analys is  

F ~ O / F ~ ~ +  
0.0046 
0.042 
0.034 
0.010 
0.0057 
0.051 
0.062 
0.052 
0.0016 
0.060 
0.033 
0.053 
0.032 
0.0035 
0.010 
0.0043 
0.0033 
0.0030 
0.088 
0.059 
0.31 
0.088 
0.135 
0.205 
0.10 
0.0066 
0.0675 
0.099 
0.0054 
0.0065 
0.029 

s o i l ;  

Fe " 
w t .  % 
0.072 
0.83 
0.54 
0.20 
0.090 
0.59 
0.68 
1.21 
0.01 6 
0.69 
0.32 
0.59 
0.34 
0.058 
0.067 
0.076 
0.059 
0.055 
0.34 
0.47 
4.48 
0.70 
1.76 
0.38 
1.22 
0.021 
0.305 
0.62 
0.097 
0.10 
0.15 

I, 

( b  Type 
I 
B 
S 
B 
I 
S 
B 
I 
B 
S 
B 
B 
B 
I 
B 
I 
I 
I 
B 
B 
I 
B 
B 
B 
I 
B 
I 
B 
I 
C F 
I 

as 

Magnetic 
~ e ~ +  

w t .  % 
15.69 
19.84 
16.15 
20.31 
15.69 
11.54 
11.08 
23.31 

9.88 
11.54 

9.69 
11.17 
10.61 
16.38 
6.74 

17.63 
17.63 
18.74 

3.83 
7.94 

14.31 
7.94 

12.97 
1.85 

12.00 
3.23 
4.52 
6.28 

17.81 
15.69 

5.08 

igneous; S, 

To ta l  i n  
S i l i c a t e s  

56.0 
73.3 
71.0 

92.5 
85.2 
84.9 
81.7 
82.7 
86.0 
90.9 
84.2 

98.6 
100.0 

98.4 
98.5 
96.8 
89.1 
93.2 

92.1 
93.2 
95.2 
96.5 
98.5 

100.0 
91.0 

72.0 
97.0 

percentages 

~ n a l ~ s i s ( a )  

I l rnen i te  
39.0 
17.7 
24.0 

7.5 
7.4 
3.0 
6.5 

17.3 
2.0 
6.0 

11.3 

1.4 
- - 
1.6 
1.3 
2.5 
2.5 
2.9 

2.8 
2.0 

%0.5 
1.5 
1.5 
- - 

1 .  

26.1 
- - 

( b )  

Pyrox- 
-- ene 

56.0 
73.3* 
71.0 

92.5 
85.2 

%78.* 
81.7 
59.6 

%78.* 
82. 
76.9 

98.6 
59.5 
98.4 
77.6 
89.1 
57.8 
63.9* 

57.9 
49.3 
37.8 
51.8 
55.8 
54.3 
31.3* 

72.0 
64.8 

o f  t o t a l  

FeO 
1.9 
5.2 
4.0 

-- 
5.6 
6.0 
7.8 
- - 

4.0 
1.7 
2.5 

- - 
-- 
-- 
-- 
-- 
4.4 
4.0 

2.2 
2.9 
4.3 
2.0 
-- 
-- 
7.0 

~ 0 . 5  
-- 

types:  

-- Fe S 
3.2 
3.9 

1 . 0  

-- 
1.9 

0 
2.0 
-- 

1 
1.5 
2.0 

-- 
-- 
-- 
-- 
1.3 
4.0 
-- 

2.8 
1.8 
- -  
--  
-- 
-- 
-- 

1.4 
3.0 

Rock 

Mossbauer 
O l i v -  

i n e  
-- 
-- 
-- 

-- 
-- 

~ 7 .  
-- 

23.1 
%8. 

9. 
7.3 

-- 
40.4 
-- 

20.9 
7.1 

31.3 
29.3 

34.2 
43.9 
57.4 
44.7 
42.7 
45.7 
59.7 

-- 
32.2 

Fe. 

Fe0/Fe2+ 
0.019 
0.055 
0.042 

- - 
0.059 
0.064 
0.085 

- - 
0.042 
0.017 
0.026 

- - 
- - 
- - 
- - 
- - 

0.046 
0.042 

0.022 
0.030 
0.045 
0.020 

- - 
- - 

0.075 

$0.005 
- - 

B y  b recc ia ;  


