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In addition to electron paramagnetic resonance (EPR) spectra due to ~ e ~ + ,  
Ti 3+, and ~ n ~ +  observed in lunar plagioclases, EPR spectra, observed in some 
lunar samples (1,2), may be due to paramagnetic states of defects in the crys- 
tal structure of one of the lunar minerals. lrradiation of a sample from 
crystalline rock 12021 enhanced the intensity of some of these paramagnetic 
states (3). We wi 1 1  show below that some of these states are due to defects 
in the crystal structure of the plagioclase fraction of lunar samples, and 
that the paramagnetic states of the defects are present in the as-received 
samples in low concentration (1014 to 1015 gm'l), but that the atomic conf ig- 
uration upon which the paramagnetic electron state is localized has a concen- 
tration sufficiently high to be a significant factor in the chemical anomalies 
that Wenk and Wilde describe (4). 

Measurements of the EPR spectra at 9 GHz as a function of irradiation 
( l  3 7 ~ s  gamma rays) and anneal ing (100 to 550~) have been made on plagioclase 
(plg) fractions (> 99% plg) from 14053-47 and 14321-166 (5) and on plg-rich 
(> 80% pl  g) samples 67075-21, 67455-16, 60051 -14, 6001 5-68, 62242-2, and 
68416-13. The spectra observed in a sample of 60015-68 as received and after 
a 5 x lo5 R irradiation at 330K are shown in Fig. 1. A new component (la- 
beled "0" centers) and an increase in the intensity of the ~ i ~ +  component are 
observed after irradiation. No other changes in the spectrum were found be- 
tween 0 and 10 kG. The spectrum of the plg fraction of 14321-166 is shown in 
Fig. 2 after a lo6 R irradiation. Prior to irradiation, the spectrum of 
14321-166 was similar to that of 60015-68, with the exception of the F com- 
ponent, identified in Fig. 2a, due to a contaminating ferromagnetic mineral 
phase. The irradiation-produced "0" components, not present initially, are 
present after the irradiation. A similar effect was observed in the plg frac- 
t ion of 14053-47. After irradiation there was 1 i ttle change in the intensity 
of the ~ i ~ +  component in the spectra of either sample. The structure of some 
of the "0" components and the effect of increasing the radiation dose at ~ 3 3 0 K  
are shown in Fig. 2b, c, d, and e. On the basis of the data for the plg frac- 
t ion of 14053-47 and 14321-166, the "0" components are assigned to the spec- 
trum of the plg fraction. The complexities of the "0" spectral components are 
illustrated in Fig. 3. At least three distinct types, whose relative intensi- 
ties are sample and temperature dependent, are resolved. The low-temperature 
irradiation also produced a new component in two of the samples whose spectra 
are shown in Fig. 3, the "E" component. This component has a shape and a g- 
value equivalent to those of a radiation-produced component in lunar pyroxenes 
(2). This compoent is resolved on the basis of its intensity as a function of 
spectrometer power as compared to that of the "0" components (Fig. 3, a and b). 

lrradiation at 7 8 ~  and measurement without warminq the sample above the 
spectrometer temperature (QJ 100~) produces a ten-fold increase in the 
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i n t e n s i t y  o f  the "0" components. Hyper f ine s t r u c t u r e  i n  the  spect ra  o f  the  
"0" components i s  no t  observed. The "E" component disappears when t he  sample 
i s  warmed f o r  5 minutes a t  a temperature > 160K. The "0" components disap- 
pear when samples a re  warmed t o  temperatures > 500K f o r  5 minutes. R e i r r a d i -  
a t i o n  a t  78K produces the  same e f f e c t  as t he  i n i t i a l  i r r a d i a t i o n  a t  78K. The 
concent ra t ion o f  the  defects  a t  which t he  paramagnetic s t a tes  a re  l o c a l i z e d  
ranges from 10"  t o  1019 gm-' i n  a l l  o f  t he  samples. These defects  thus com- 
p r i s e  o f  the  o rder  o f  0.1 atomic percent.  

On the bases o f  these data,  we conclude t h a t :  ( i )  t h e  "0" centers have a 
diamagnetic precursor  s t a t e  which may be e i  t he r  an "e lect ron"  o r  "hole" t r ap -  
p ing  s i t e ;  ( i i )  a t  temperatures < 550K the  "0" centers a r e  s tab le ,  bu t  the  
paramagnetic s t a tes  o f  t he  "0" centers  w i  1 1  anneal ; ( i  i i )  t he  "0" centers  a re  
s t r u c t u r a l  de fec ts  o f  the p l g  f r a c t i o n ,  ( i v )  the  absence o f  resolved hyper- 
f i n e  s t r u c t u r e  ind ica tes  t h a t  the  atoms on which t h e  paramagnetic s ta tes  a re  
l oca l  i zed have a low (< 5%) na tu ra l  abundance o f  isotopes wi t h  nuc lear  mag- 
n e t i c  moments, and hyper f ine  i n t e r a c t i o n s  w i t h  nearest-neighbor nuc le i  a re  
e i t h e r  weak o r  a re  no t  present;  (v)  t he  concent ra t ion o f  "0" centers i s  h igh  
enough t o  be a s i g n i f i c a n t  f ac to r  i n  t he  chemical anomalies o f  lunar  p l g  (4 ) .  
I t  i s  d i f f i c u l t  on the  bas is  o f  these data t o  i d e n t i f y  t h e  atomic con f igu ra -  
t i o n  on which t he  paramagnetic s t a t e  i s  l oca l i zed .  We no te  t h a t  the  g- 
values o f  the "0" components a re  s i m i l a r  t o  those which have been observed 
f o r  the  spec t ra l  components o f  Om,  O;, and 0; produced by i r r a d i a t i o n  o f  
d i amagnet i c ox i des (5,6) . 
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