
E F F E C T S  O F  METEORITIC IMPACT ON MAGNETIC P R O P E R T I E S  
O F  LUNAR SURFACE MATERIALS 

T . Nagata and N. S u g i u r a ,  Geophysical  Ins t i tu te ,  Univers i ty  of Tokyo,  Tokyo 
R .  M.  F i s h e r  and  F . C .  S c h w e r e r ,  U. S . S t e e l  R e s e a r c h  L a b o r a t o r y ,  

Monroevil le,  Pa. 
M .  D . F u l l e r  and J . R . Dunn, Department of E a r t h  and P l a n e t a r y  S c i e n c e s ,  

Univers i ty  of P i t t s b u r g h ,  P i t t s b u r g h ,  Pa. 

T h e  fe r romagne t ic  cons t i tuen t s  of Apollo l u n a r  mate r ia l s  a r e  metall ic Fe-Ni 
a l loys  (wi th  Co l e s s  than 2 weight p e r  c e n t )  in  almost all c a s e s .  A s  shown in 
F i g .  1 , t h e  sa tu ra t ion  magnetization ( I ~  ) of l u n a r  b r e c c i a s  and f i n e s  is l a r g e r  
than that  of igneous r o c k s  by about one o r d e r  of magnitude. T h i s  fact  could 
lead t o  a simple suggestion that  t h e  ferromagnet ic  metals  in  b r e c c i a s  and f i n e s  
have mostly come from meteor i t e s  which impacted the  l u n a r  s u r f a c e .  T h e  
thermomagnetic c u r v e s  of l u n a r  m a t e r i a l s  have shown that  t h e  metals  a r e  e i t h e r  
a s ingle  component of a lmost  p u r e  i r o n  (wi th  Co l e s s  than one p e r  cen t  ) o r  a 
superposi t ion of two components,  i. e .  t h e  almost p u r e  i r o n  and kamacite of 3 - 13 
weight p e r  cen t  of a v e r a g e  Ni content .  His tograms of the  observed  r a t i o s  
( kamacite / t o t a l  fer romagnet ic  metal  in weight = mk / m ) a r e  i l lus t ra ted  in F i g .  2 ,  
w h e r e  the  composit ions of fe r romagne t ic  metals  can  b e  c lass i f i ed  into two d i s t inc t  
g roups .  With r e g a r d  to  the d i s t inc t  grouping of mk /m r a t i o ,  no e s s e n t i a l  d i f fer-  
e n c e  c a n  be  observed  between igneous  r o c k s  and b r e c c i a s  o r  f i n e s .  
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On the other  hand, the  observed thermomagnetic cu rves  of kamacite compo- 
nents in lunar  mater ia ls  a r e  considerably different from those of synthesized 
Fe-Ni al loys of a s ingle  composition ; part icular ly ,  the temperature  range  of 
the ill -a t ransi t ion in the former  is significantly broader  than that in the 
l a t t e r .  Th i s  fact  may indicate that the lunar  mater ia ls  contain kamacite gra ins  
of a b r o a d  var ie ty  of Ni content. S ince  the s tandard thermomagnetic cu rves  of 
a binary system of Fe-Ni a l loys are known, the spectrum of Ni  content can be 
evaluated by numerically solving an  integral  equation represen t ing  the observed 
thermomagnetic c u r v e s  which consis t  of those of Fe-Ni alloys of different Ni 
contents.  F ig .  3 shows the ave rage  spec t r a  of Ni contents in kamacites fo r  a 
group of lunar  igneous r o c k s  and another  group of b r ecc i a s  and f ines  together 
with s imilar  s p e c t r a  of t h r ee  kinds of meteorites f o r  comparison. In th i s  
f igure again,  no essen t ia l  difference can  be observed between the  spectrum of 
igneous r o c k s  and that  of b r ecc i a s  and f ines .  Namely, t he i r  spec t r a  have the 
l a rges t  peak a t  7 % in Ni content and a r e  extended up to  about  20 % of Ni. The 
Ni content spec t r a  of lunar  mater ia ls  look ve ry  s imilar  to that  of carbonaceous 
chondrite ( C4 ) , except f o r  the component of v e r y  low Ni content,  but is signifi- 
cantly different from those of chondri tes  (H4 and L ) ,  which have a s h a r p  upper 
cut a t  6 % Ni. 
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Summarizing these  s ta t i s t i ca l  r e s u l t s ,  the  simple idea that the metallic Fe-  
Ni a l loys of meteorit ic or igins  have migrated only into lunar  f ines  and b recc i a s  
could hardly be  accepted . The igneous r o c k s  which contain a considerable  
amount of kamacite ( 1 5 5 56 and 6841 5)  (1 ) 
may be products of the  remelting of pre-  

I I 
existing lunar  sur face  mater ia ls .  A 
possibility of th i s  type of lunar  igneous 
rock  h a s  a l ready  been pointed out ( 2 , 3  
and 4 ) .  As  shown in F ig .  2 ,  s i x  samples 
of lunar  b recc i a s  and f ines  contain only I I I I 
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almost pure  i ron  and ve ry  l i t t le kamacite. I I 1 n.12 I 

As pointed out by E l  Goresy  e t  a1. (5), 
the abundant component of almost pu re  
i ron  in sample 14053, which contains an - I I I I 

I anomalously l a r g e  amount of metallic i ron  $ 1  LEOVILLE ( c 4 ) I 

( 1 .O1 weight $ ) as a lunar  igneous r o c k s  
(6), is due to  a product of the fayalite 
breakdown. Then ,  the abundant pu re  
i ron  in b recc i a s  and f ines  a lso may be  
due to a s imilar  mechanism, as suggested 
by P e a r c e  e t  al. (7). It is not c l e a r  ye t ,  
however ,  why the spectrum of Ni content 
in the kamacite component in lunar  mate- 
r i a l s  is s imilar  t o  that of the  carbonaceous 
chondrite . 
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pact on lunar  rock  magnetism is the  magnetic 
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hardening.  Among 34 magnetically examined samples  from Apollo 11 through 1 7  
r e tu rned  lunar  mate r ia l s ,  t h r e e  samples  ( 10048, 10085 and 60255 ) have a n  
extremely s tab le  component of na tu r a l  remanent  magnetization (NRM). T h e s e  
t h r e e  samples  a r e  shock-metamorphozed b r e c c i a s  o r  c o a r s e  g r a in s  in s o i l s ,  and 
consequently t he i r  coe r c ive  fo r ce  (Hc  ) and remanence coe rc ive  f o r c e  (HRc)  
a r e  v e r y  high compared with those of o the r  lunar  samples ,  namely, Hc = 50 , 125 
and 47 Oe.  and HRC = 520, 670 and 680 0 e .  f o r  samples  10048, 10085 and 6025 5 
respec t ive ly .  Because  of the  high value of HRC , the  re laxat ion time of magne- 
t ization of s ingle  domain pa r t i c l e s  is much l a r g e r  than the  moon s a g e  ( 4 .5  x 109 
y e a r s  ) even a t  the  lunar  midday tempera ture .  T h u s ,  the  s tab le  component of 
NRM of t he se  sample is considerably l a r g e r  and extremely s t ab l e r  than that  of 
o ther  l una r  samples .  
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