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Introduction: On the Moon, S [see 1] and Cd 
[2] show an interesting pattern of isotopic 
variation: In soils, they tend to be isotopically 
heavy relative to bulk meteoritic or terrestrial 
values; in rocks, their isotopic abundances differ 
little from normal values; and in pyroclastic 
glasses such as 74220, the lighter stable isotopes 
may be enriched.  Zinc and copper share with S 
and Cd the cosmochemical properties of 
volatility and chalcophilicity.  We therefore 
hypothesized that these four elements might 
behave alike isotopically.  Xue et al. [3] 
previously reported enrichments in the heavier 
isotopes of Zn in lunar soils, but the 
measurements had modest precision and have 
not been confirmed.  Presented here are 
measurements of the elemental and/or isotopic 
abundances of Cu and Zn in lunar materials. 
Experimental methods:  Powdered samples 
(20-70 mg) were leached in 0.2 HCl for 5 
minutes in an ultrasonic bath and then dissolved 
in HNO3/HF at 130°C for several days. Zn and 
Cu were purified by ion exchange and run on the 
MC-ICPMS P54 in Lyon [4]. The sample 
external reproducibility is 50 ppm; the total 
blank (10 ng) represents < 1% of the total signal.  
Results:  Results are shown in Table 1.  
Elemental Zn and Cu concentrations are 
comparable to literature values [1,3].  Isotopic 
abundances are given as δ values in ‰ with 
respect to the reference isotopes (nY) 64Zn and 
63Cu. The data of Xue et al. [3] for lunar soils 

64801, 68841, 69941, and 69961 are equivalent 
to δ66Zn values (‰) of 4.4±2.4, 3.8±2.4, 5.4±2.2, 
and 7.6±3.6, respectively.  Agreement with the 
present results for 68841 and 69941 is within 1-
σ.   

For small degrees of mass-dependent 
fractionation we expect δ68Zn ~ 2×δ66Zn.  Within 
the experimental uncertainties, the data for the 
zinc isotopes conform to this expectation. As Cu 
has only two stable isotopes, we cannot test for 
mass dependent fractionation.  Overall 
similarities between the behavior of Zn and Cu, 
however, strongly suggest it. The total ranges of 
variation for δ65Cu and for δ66Zn in lunar 
samples (Figure 1) are considerably larger than 
those so far observed in meteorites [5]. For Zn 
but not Cu they are also larger than the values 
observed in terrestrial samples [6]. As guessed, 
the patterns of the isotopic abundances for Cu 
and Zn parallel those of S and Cd. Although Zn 
appears to be isotopically “normal” in one spilt 
of the rock 74275, Cu and Zn are heavy in soils, 
and light in the orange glass 74220.  The 
correlations of δ65Cu with δ66Zn and δ34S (from 
the literature) in the soils are weak (R2=0.3; 
Figure 2), possibly because the number of 
samples analyzed is still small.  The correlations 
of δ66Zn with the soil maturity index, Io/FeO [7], 
and with effective cosmic ray ages are also weak.   

Discussion:  The Zn and Cu in lunar soils 
come directly and indirectly from lunar rocks, 
lunar magmas, and micrometeoroid 

bombardment (see [1]).  To the Zn 
inventory, lunar rocks contribute 
directly a volume-correlated 
component containing on average ~5 
ppm Zn.  Addition of two-percent of 
CI-like micrometeoroid component 
(~315 ppm Zn) then brings the 
concentration to not more than 6 µg 
Zn/(g lunar soil) assuming 100% 
retention of Zn.  The balance 
required to reach the observed 
abundances of ~25 ppm Zn 
presumably derives from a source 
like the one that produced lunar 
pyroclastic glass (Zn up to 220 ppm) 
>3.5 Gy ago [8,9]. If this pyroclastic 
component was isotopically light, as 
in 74220, then elemental and 
isotopic abundances of Zn must have 
evolved considerably under 

Table 1.  Isotopic (‰) and elemental (ppm) abundances of Zn and
Cu in lunar materials. 
Sample ID Type δ66Zn δ68Zn/2 Zn δ65Cu Cu 
74275 rock 0.17 0.12    
74275.318  0.75 0.94 6.0 1.40 3.4
14163.8681 soil 2.59 2.62 33.0 3.70  
15231.200 soil 6.39 6.35  4.51  
64501.226 soil 4.41 4.27 23.8 3.20  
66041.131 soil 4.17 3.99  4.05  
68841.47 soil 2.18 2.13    
69941.53 soil 3.40 3.54    
70011.209 soil 3.44 3.44 27.6 2.96  
72501.226 soil 4.45 4.44 31.0 4.08 7.3
75081.688 soil 4.07 4.07 24.8 2.84  
76501.184 soil 3.79 3.95  2.61  
74220.793 glass -3.47 -3.44 231 -0.50  
74220.849  -3.83 -3.70 140 -0.42 32.1
1) Barnes et al. [12] obtained δ65Cu=+1.03‰ for this soil. 
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micrometeoroid bombardment and/or sputtering 
of surface materials. 

The overall averages (~4 ppm and 6-7 ppm) 
and ranges (3-30 ppm) of Cu concentrations of 
lunar rocks and soils [9] respectively, are fairly 
similar to each other [1].  We infer that rocks 
contribute a sizeable fraction of the Cu 
inventory. CI-like micrometeoroids (125 ppm 
Cu) may contribute up to 3 µg Cu/(g soil).  Thus, 
little or no additional Cu is needed to account for 
the bulk soil concentrations. As the pyroclastic 
component that adds Zn likely also contains 25-
35 ppm Cu, however, a contribution from 
micrometeorites seems unavoidable [8]. 
Appreciable losses of Cu are therefore implied, 
consistent with the isotopic evidence for loss of 
Cu and with similar arguments for S [10].   
Conclusions:   
1) The Ti-rich basalt 74275 contains Zn with 
close to normal, terrestrial values. All other Zn 
and Cu isotope compositions appear to be much 
heavier (soils) or lighter (orange glass). 
2) As is Cd [2], Zn and Cu in lunar glass 74220 
are isotopically light, slightly so for Cu and 
decidedly so for Zn.  The light-isotope 
enrichments are likely associated with coatings 
that condensed from a vapor produced in 
fountaining lava as suggested to explain, e.g., 
isotopically light sulfur [11]. 
3) The heavy isotopes of Zn and Cu are enriched 
in bulk lunar soils to a similar degree; the effect 
is observed and supposed, respectively, to be 
mass dependent in Zn and Cu.  By analogy to S, 
we surmise that the isotope fractionation is 
surface correlated.  The absolute fractionations 
of Zn and Cu correspond to nominal evaporative 
losses of ~ 30% but are likely much larger close 
to grain surfaces.  If the vapor-mobilized 
component of Zn in lunar soils was originally as 
light isotopically as 74220 (δ66Zn~-4‰), then 
δ66Zn in soils must have increased over time by 
nearly 8‰.  That all the soils analyzed are 
isotopically heavy in Zn and Cu raises a question 
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about the fate of the light isotopes.  The best 
possibility is that they escaped from the Moon.  
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