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A number of lunar highland (Apollo 14 and Apollo 16) low grade breccias 
have been found to contain excesses (relative to surface-correlated Xe in mare 
soils) of apparently fissiogenic Xe well beyond what could be reasonably attri- 
buted to -- in situ fission of 2 3 8 ~  or 244~u (1,2). This phenomenon presumably 
reflects a redistribution of fission Xe from other parts of the moon and its 
concentration in the soils from which such breccias were made. A prominent 
case (3) is 14301,57, which exhibits a particularly large heavy Xe isotope en- 
richment in low temperature release fractions. The com osition of this "excess" 
Xe is clearly more nearly like that of 244~u than of 23$ fission Xe. 14301,57 
also exhibits a significant excess of 129~e, presumably arising in decay of 
1 2 9 ~  and redistributed in a fashion like that of fission Xe. 

To further study the nature of the "excess fission Xe" phenomenon we have 
analyzed noble gases released in stepwise heating of size separates of 
14301. The samples were prepared by sieving of freeze-thaw-disaggregated 
14301,110, from the end of 14301 opposite to 14301,57. Noble gas concentrations 
increase with decreasing grain size (Table 1) except for the <25 p fraction, 
which has gas amounts and isotopic compositions similar to the 40 p fraction. 

Stepwise heating Xe compositions for each of the size fractions are shown 
in Fig. 1. Since these compositions are not colinear, at least three compon- 
ents must be present, presumably a "normal" trapped component with a composi- 
tion like SUCOR, a spallation component (high 126~e/130~e), and a fission com- 
ponent. The line in Fig. 1 is a mixing bine between SUCbR composition and a 
plausible spallation composition (136~e/130~e 5 0 , 126~e/130~e = 1.14) inferred 
from Fig. 2. The position of data points to the right of this line is inferred 
to indicate a fission contribution of 136~e. An upper limit, 126~e/130 S 1.23 
in spallation, can be obtained from a more detailed examination of the light 
isotope data and 136~e fission excesses calculated with this spallation composi- 
tion are strict lower limits (Table I). These values are only slightly lower, 
however, than those obtained from the estimated spallation ratio of 1.14 as 
found above. 

Figure 2 shows the same quantities as Fig. 1 for the whole-rock composi- 
tions and Fig. 3 shows the comparable variation for 129~e instead of 36~e. In 
contrast to the stepwise-heating data, the isotopic variations in the whole 
rock compositions be attributed to mixing of two components. Thus it 
appears that at least two components are present in fixed proportion among the 
various particle size fractions, even though they are in physically distinct 
locations, as evidenced by their separation in stepwise heating. 

The two components manifested in Figs. 2 and 3 can be identified, with 
well-known assumptions, by an ordinate-intercept calculation (4,5). If one 
(volume-correlated) component is present in constant concentration, a plot of 
isotopic ratio versus inverse concentration of the reference isotope will be 
linear and its ordinate-intercept (01) will be the composition of the variable 
component. Since the variable component is enriched in the finer particle sizes 
Lt is at least qualitatively surface correlated. The surface correlated OI 
composition is shown in Figs. 2 and 3. If we assume the volume-correlated 
component is spallation in which 136~e is absent, its composition at other 
isotopes can also be determined, e. . the Fig. 2 correlation line gives 
12%e/' 'OXe = 1.14 f .03 at 36~e/1 38Xe = 0. Allowing for the presence of some 
1 3 6 ~ e  from in situ fission of 2 3 8 ~  in the volume correlated component this 
value becomes an upper limit for the inferred 126~e/ 3 0 ~ e  spallation ratio and 
the deduced fission component becomes that in excess of the volume-correlated 
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contribution. 
The 01 surface-correlated composition differs substantially from surface 

correlated compositions found in mare soils, e.g. SUCOR (5) and BEOC-12 (6). 
Qualitatively, the 01 composition can be understood as a superposition of 
SUCOR, spallation and fission Xe and monisotopic 129~e, but allowance for a 
reasonable range of spallation composition precludes an unambiguous identifi- 
cation of the heavy isotope component with either 2 4 4 ~ ~  O ~ , ~ ~ * U  spontaneous 
fission composition. The corresponding 01 calculation for Kr is also quali- 
tatively consistent with mare soil 01 composition plus an added spallation 
component. 

If the 01 calculation indeed identifies surface-correlated Xe which is a 
superposition of solar wind and indigenous lunar (spallat ion, fission, 9~e) 
components, the 14301 data support models in which the indigenous components 
are recycled and implanted through a transient lunar atmosphere, or adsorbed 
on grain surfaces. This follows from the observation that the surface compon- 
ents are separable in stepwise heating, as would follow from incorporation at 
different energies, but nevertheless remain in fixed proportion in the sum- 
mations of all temperature release fractions. 
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,Pig. 1. Three isotope correlation diagram for Xe released during stepwise 
heating of particle size separates from 14301,110. Dashed line 
represents mixing line between SUCOR (5) and a spallation component 
with (126~e/130~e)s * 1.14. Deflection of data oints to the right 
of this line indicates the Dresence of excess l3!Xe. 
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PQ. 2, 3. I~topic composition of total Xe in particle size separates from 

14301,110. 0.1. denotes surface-correlated composition obtained 
by ordinate-intercept method (4,s) for these separates. The dashed 
line8 represent least-squares fits to the data. SUCOR composition 
(5) i. show for comparison, and on this scale\ it is indistinguishable 
frcm BEOC-12 (6). Also indicated ir the whole rock composition of 
14301,57 (3). 

TABLE 1: Selected Data f o r  11301,110 

~ x c e s s ( ~ )  

84Kr 1s7Xe 129Xe l a q e  (d) 
Grain ~ r a c t i o n ( ~ )  o f  Fission 

Size (v )  Orig inal  Sample (Z) (ca3 STP/g x 10'l0) Factor 

& m e t r i c  mean o f  sieve sizes. 
Actual t o t a l  y i e l d  = 93%; f rac t ions  adjusted to 100%. 
Lower l i m i t  on lz9Xe i n  excess o f  spa l la t ion  and trapped. 
Lower l i m i t  calculated using upper l i m i t  f o r  spal la t lon 126Xe/130Xe ra t io .  

, , Ratio o f  t o t a l  f i s s i o n  lS6Xe to t h a t  expected fra spontaneous f i s s i o n  o f  23BU. Average [U] f o r  
14301 taken as 3.6 ppn. Age o f  samples a r b i t r a r i l y  chosen as 3.85 AE. 

f Stated values lower than actual values due to  loss o f  lS6Xe data f o r  one extract ion temperature. 
g RecPlnputed from data o f  Drozd-at rl., 1972. I I 
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