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1 . Bas ic  magnetic p r o p e r t i e s  

T h e  magnetic p r o p e r t i e s  of t h r e e  Apollo 16 samples  (6601 6 ,  61 156-1 1 , 61 1 56- 
12 ) and f o u r  Apollo 1 7  samples  (7001 7 ,  74220, 75083 and 7701 7 ) have been ex- 
amined t o  d a t e .  T h e  in t r ins ic  magnetic p r o p e r t i e s  such  as sa tu ra t ion  magnet'- 
zation (1, ) , c u r i e  point ( @ ), $ - & t r ans i t ion  t empera tu re  of F e N i  a l loy (&) 
and paramagnet ic  suscept ibi l i ty  ( Xa ) and t h e  s t r u c t u r e  sens i t ive  magnetic 
p r o p e r t i e s  such  as in i t i a l  magnetic suscept ibi l i ty  ( X ), sa tu ra t ion  remanent  
magnetization ( I ~ ) ,  c o e r c i v e  f o r c e  (H,) and remanence  c o e r c i v e  f o r c e  (HRC) of 
t h e s e  samples  a r e  summarized in Tab le  1 . Remarkable magnetic p r o p e r t i e s  of 
all Apollo 16 l u n a r  samples  including 8 o t h e r  Apollo 16 samples  which have 
a l r e a d y  been r e p o r t e d  (1 ) a r e  (a) tha t  the  metall ic i ron  conta ins  cons iderab le  
amount of kamacite and (b) that  t h e  paramagnetic suscept ibi l i ty  ( ,) is unusually 
small  owing t o  a low content  of F e O .  In comparison with the  Apollo 16 m a t e r i a l s ,  
the  t h r e e  Apollo 1 7  mate r ia l s  contain no kamacite and t h e i r  paramagnetic sus-  
ceptibil i ty is of t h e  normal  va lue  cor responding  t o  1 5 - 20 % of F e O ,  except  7701 7 
which conta ins  only 6 . 2  % of F e O  . 

A specif ic  sample is t h e  o r a n g e  s o i l  (74220), in  which ~ ~ ( 3 0 0 ~ )  =O. 1 3  e m ~ / ~ m  
a n d G 7 7 8 0 C .  T h e  observed  Is value  is in agreement  withthe r e s u l t  obtained 
by B r e c h e r  and  Marosh (2). In t h e  in i t ia l  heat ing p r o c e s s  in 10-5 t o r r  atmo- 
s p h e r e ,  however ,  a production of metallic i r o n  took place  in a t empera tu re  r a n g e  
up to  about 700°C, and  then I ~ ( ~ o o ~ K )  becomes 0 .28  e r n ~ / ~ m .  No definite 
magnetic t r ans i t ion  a t  580°C such  as observed  by Olhoeft e t  al. (3) w a s  detected 
in t h i s  in i t ia l  heat ing p r o c e s s .  S i n c e  no magnetite h a s  been found in chemical  
and mineralogical  s tud ies  ( e .  g.  4 ,  5 ,  6 ) on the  o range  s o i l s ,  the  o r ig ina l  
mate r ia l  which h a s  changed to  metall ic i ron  could not be  magnetite. 

2 .  Natural  remanent  magnetization ( NRM ) 

T h e  intensi ty  and s tabi l i ty  of NRM's of four  Apollo 16 samples  and  f o u r  
Apollo 17 s a m p l e s a r e  summarized i n  Tab le  2 .  T h e  s tab le  component ( I ~ )  of 
NRM is defined h e r e  as the  s t a b l e  remanent  magnetization with r e s p e c t  to both the  
in tensi ty  and d i rec t ion  f o r  the  AF-demagnetization r a n g e  from 100 to  200 Oe .  r m s  . 
In the t a b l e ,  only the s t a b l e  component of NRMts of 60016, 61 156-12 and 7021 5 
c a n  be  cons idered  to r e p r e s e n t  the  genuine NRM, the  remanent  magnetization of 
the  o ther  samples  being c o v e r e d  by magnetic contaminations.  It is noted i n  the  
table  2 that  t h e  v i scous  magnetization component of all Apollo 17 samples  is ex- 
t remely smal l .  The  s tab le  component of NRM is at t r ibutable  to  t h e  thermorema- 
nent magnetization.  
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T a b l e  I  B a s i c  Magnetic  P r o p e r t i e s  of Apollo 16  

a n d  1 7  L u n a r  S a m p l e s  

W ( ~ e )  : con ten t  of me ta l l i c  i r o n ,  mk /rn : r a t i o  of kamac i t e  component  t o  
whole  me ta l .  

( ) B r e c c i a t e d  o r  s h o c k e d  a n o r t h o s i t i c  r o c k .  

Magnetic  
p a r a m e t e r  

x O ( 3 0 0 K )  

Xa(300K)  

IS(30OK) 

1, ( 3 0 0 ~ )  

H , ( 3 0 0 ~ )  

~ ~ ~ ( 3 0 0 ~ )  

@ 
@ 

w ( F e )  

m k / m  

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

66016 61156 61  156 
- 5 4 -1 1 -1 2 

( ~ r e c c i a ) ( ~ r e c c i a )  ( ~ r e c c i a )  

2 . 5 5  7 . 6 3  1 . 4 3  

0 . 8 3  1 . 7 2  2.81 

0 . 7 3  1 .51  3 . 8 0  

3 . 7  3 6 

19  7 8 

- 450 420  

76  8 77  1 762  

6 6 0  6 6 0  685 
6 3 3  

0 . 3 3  0 . 6 9  1 . 2 9  

0 .91  0 . 9 0  0 . 9 6  

7001 7 75083 73220 7 7 0 1 7 ~  
-75 -13 -41 -40 

( ~ a s a l t ) ( F ' i n e s ) ( F i n e s )  

0 . 6 5  - 0 . 8 5  0 . 4 4  

3 . 9  3 . 4  5 . 4  1 .1  

0 .21  0 .22  0 . 1 3  0 . 3 2  

1 . O  8 . 5  - 0 . 5  

6 3 1 - 15 

- 900  - - 
779  796 7 7 8  

none  none none 

0 . 1 7  0 . 1 0  0 . 1 3  0 . 1 5  

- 0  - 0  -0 

Unit  

X I O - ~  
emu/gm 

X I O - ~  
emu/grn 

emu/gm 

X I O - ~  
e m ~ / ~ m  

O e .  

O e .  

OC 

OC 

w e i g h t %  



MAGNETIC PROPERTIES 

Nagata ,  T . et al. 

Tab le  I1 Magnitude and Stabi l i ty  of Natural  Remanent 
Magnetization of Apollo 16  and 17 Lunar  Samples  

I ,  : specif ic  in tensi ty  of NRM . h : a magnetic f ield intensity to  produce -- 
IRM of the  same magnitude of In . I ,  : s tab le  component of NRM . N I 

cu H : AF-demagnetization field to  reduce  
H o  : AF-demagnetization field to  

IRM of In in intensity to e-I of 
r educe  NRM to  e-I of the  the  in i t ia l  magnitude. 
in i t ia l  magnitude. 

Unit 

x I o - ~  
emu jgm 

X I O - ~  
emujgm 

Oe.  r m s  

Oe.  

Oe.  r m s  

Pa rame te r  

I n  

1 0  

rV 

H o  
h - I 

H o  

A IV/ 1 

A 1 1  : r ad io  of VRM to s tab le  compo- 
nent of IRM whose intensity is the 
same as In . 
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