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The grain s i ze  of iron pa r t i c l e s  in lunar breccias corre la tes  with t h e i r  
degree of metamorphism (1 ) and thus with mineral reequil i  bration ( 2 ) .  
Breccias and s o i l s  typica l ly  contain an order of magnitude more iron than 
igneous rocks ( 3 ) .  If iron grain s i z e  i s  indicated by the  magnetic di is ion 
into superparamagneti 6 (SP; ~ 1 5 0 1  diameter) s ingle domain (SD; 150-300 r\ ) , and 
m u 1  tidomain (MD; >300A), soi 1s a re  found to  have predominantly SP and SD 
grains,  breccias exhibi t  grain s izes  from SP t o  M D ,  while igneous rocks 
generally only have MD iron ( 3 ) .  Breccias and s o i l s  are thou h t  t o  be 
enriched in iron e i t h e r  by subsolidus (4 )  or shock induced ( 5  7 reduction or  
both. While reduction of metal l ic  iron may occur during the formation of 
breccias, the dominant process affect ing the iron pa r t i c l e s  i s  grain growth 
during heating and cooling of an ejected mass. Thus, the times and 
temperatures of experimental ly  determined iron growth may indicate the 
temperatures and cooling ra t e s  of the breccias in an e jec ta  blanket. 

Samples of a  synthet ic  Apollo 11 basa l t ic  g lass ,  which had been reduced 
to  form SP and SD iron under control led conditions (4), were placed in a  
s i l i c a  glass tube (Fig.  I ) ,  evacuated, and sealed. A titanium ge t t e r  removed 
any oxidizing agents from the charge. The following procedure was used: 1 ) 
the sample was heated a t  750°C. fo r  15 minutes, 2 )  the titanium fo i l  was 
isolated from the charge by seal ing the s i l i c a  glass tube between the f o i l  
and the charge, and 3) the isolated charge was heated a t  750°C. until  a  
constant magnetic moment was achieved, indicating equil ibrat ion of the 
quantity of metal l ic  iron in the system. A t  t h i s  point the metal l ic  iron 
content and re la t ive  grain s i ze  served as the s t a r t ing  point for  the grain 
growth experiments. The isolated charges in the s i l i c a  tubes were placed in 
a furnace a t  the desired temperature. After a  given time, the sample was 
quenched and measured on the magnetometer. After measurement, the charge was 
reheated to the same temperature, and the procedure repeated unti l  the iron 
was essent ia l ly  a l l  multidomain or  unti l  the run times became excessively 
1 ong. 

The charges in the s i l i c a  glass tubes were examined d i rec t ly  in a  
vibrating sample magnetometer. The J rs /Js*ra t io  and the shape of the 

*Saturation remanence/saturation magnetization 

Figure 1. I l lus t r a t ion  of 
the s i l i c a  glass tube used. 
The small flame indicates 
where the charge was 
sealed. 
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magne t i za t i on  curves were used t o  g i v e  t h e  g r a i n  s i z e  range o f  t h e  m e t a l l i c  
i r o n  ( 4 ) .  Cur ie  p o i n t  measurements i n d i c a t e d  t h a t  t h e  m a t e r i a l  be ing  
measured was indeed m e t a l l i c  i r o n .  

A  J r s / J s  r e p r e s e n t a t i v e  o f  mu l t i doma in  i r o n  (determined by h e a t i n g  a  
sample a t  1000°C. u n t i l  t h e  J r s / J s  reached a  cons tan t  minimum va lue )  was 
sub t rac ted  from t h e  measured J r s / J s  o f  each p o i n t .  The exper imenta l  da ta  a r e  
shown on F i g .  2, where t h e  pe rcen t  o f  t h e  i n i t i a l  J r s / J s  i s  r e p r e s e n t a t i v e  o f  
t h e  f r a c t i o n  o f  i r o n  remain ing i n  t h e  s i n g l e  domain g r a i n  s i z e  range. The 
i n t e r c e p t  o f  t h e  curves w i t h  t h e  t i m e  a x i s  i n d i c a t e s  t h e  maximum t i m e  i n  
which SD i r o n  can s u r v i v e  a t  a  g i ven  temperature (Table 1  and F igu re  3) .  

The r e s u l t s  suggest  t h a t  i r o n  g r a i n  s i z e  may be an e f f e c t i v e  t ime  
dependent geothermometer f o r  l u n a r  s u r f a c e  processes i n  the  range o f  600"- 
1000°C. w i t h  l i m i t e d  a p p l i c a b i l i t y  o u t s i d e  t h i s  range. For  s i t e s  l i k e  A p o l l o  
14 and 16 where b r e c c i a s  w i t h  w i d e l y  d i f f e r i n g  i r o n  g r a i n  s i z e  range a r e  
found, i t  can be concluded t h a t  t i m e  sca les  o f  t h e  o r d e r  o f  days t o  weeks 
were r e q u i r e d  t o  produce such a  v a r i e t y .  Th i s  t ime  sca le ,  s i m i l a r  t o  those 
found by o t h e r  methods ( 6 ) ,  i s  c o n s i s t e n t  w i t h  models o f  base surge e j e c t a  
depos i t s ,  w h i l e  be ing  t o o  s low f o r  impact  and b a l l i s t i c  depos i t s  and t o o  
f a s t  f o r  deep-seated thermal  metamorphism. 

Tab le  1. Time r e q u i r e d  t o  e l i m i n a t e  a l l  SD i r o n  p a r t i c l e s  i n  l u n a r  b recc fas .  

Temperature, O C .  

110o0c. 
975 
900 
81 0  
7  00 
500 

Time, hours 

0.01* 
5.25 + 0.1 
430 'i: 25 (18 days) 
7600 2000 (320 days) 
(10 +-4) x  106 (1,100 yea rs )  

~ 1 0 ~ ~ - ( 1 1 5  m i l l  i o n  yea rs ) *  

* Ex t rapo la ted  f rom F ig .  3. 
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Figure 3 .  Plot o f  
the intercept  o f  the  
time axis from F i g .  
2.  The two l ines  
indicate the maximum 
and minimum values. 
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