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We report oxygen isotope ratios and trace element 
concentrations by SIMS for sixteen lunar zircons re-
covered from quartz monzodiorite (15405, 217 n = 4), 
impact melt rock (73235; n = 1), a breccia with 
shocked norite (15455; n = 1) and Apollo 12 (n = 6) 
and 14 (n = 4) regolith samples.  Additional zircons 
were extracted from lunar rock and regolith, but were 
not suitable for high precision SIMS analyses using a 
10µm beam due to small size or extensive cracks.  

Oxygen Isotopes:  Average δ18O values of indi-
vidual lunar zircons (1 to 12 analyses/grain) analyzed 
by SIMS in this study vary from 5.19‰ to 5.82‰ 
(Figure 1) and average 5.59‰ (± 0.33, 2SD). The 
measured δ18O values determined for 6 zircons sepa-
rated from Apollo 12 regolith (12023,1) average 
5.65‰ (±0.20‰ 2SD) and 3 Apollo 14 regolith zir-
cons (14240,1 and 14240,80) average 5.63‰ (±0.42‰ 
2SD).  Four zircons separated from quartz monzodio-
rite sample 15405,217 yielded an average δ18O value 
of 5.47‰ (±0.44‰ 2SD). 

One zircon from the Apollo 12 lunar regolith 
(12023,1_g8, 100 x150 µm) was analyzed 12 times for 
δ18O.  Five analyses from one side of the grain average 
5.43‰ (±0.07‰ 2SE, ± 0.15‰ 2SD,) whereas 7 
analyses from the other side of the grain yield an aver-
age value of 5.79‰ (±0.007‰ 2SE, ± 0.20 2SD). The 
data for this grain are bimodal at better than ±2SE. No 
other zircons show statistically significant zoning. 

 
Figure 1.  Histogram of zircon δ18O values.  The aver-
age value for individual zircons is plotted. Data from 
this study and [1]. 
 

Trace Elements: Trace elements (REE, P, Ti, Y, 
U and Th, Fe, Ca, V) were measured by SIMS for the 
same 16 zircons.  

 
REE concentrations and patterns for lunar zircons 

in this study are similar to previous studies of lunar 
zircon [2,3]. Our REE data fall into two distinct groups 
and are similar to Type 1 and Type 2/3 from [2].  The 
groups are distinct in Figure 2 based on [Sm] and 
Sm/Yb. No zircons from this study exhibit a pro-
nounced Ce anomaly (Type 4 of [2]). 

One zircon from Apollo 17 aphanitic impact melt 
breccia 73235,87 is anomalously high and variable in 
Th (60-152 ppm), U (148-246 ppm), and total REE 
(1600-3000 ppm) compared to the other zircons in this 
study. Data for this zircon are not plotted in the figures 
or considered in the discussion. 

The range of trace element concentrations are: Ti 
37 to 170 ppm; P 425-1120 ppm; Y 780-2850 ppm; 
total REE 485-1780; Hf 10,500 to 12,750 ppm; Th 4 – 
38 ppm; and U 12 – 108 ppm.  Th/U ratios correlate 
positively with  [P], [Y] and total [REE]. 
 

 
Figure 2. REE patterns of lunar zircons normalized to 
chondrites from this study.  Type 2/3 shown in black.  
All others are type 1. 
 
Discussion:  

The new δ18O data for zircon (Fig. 1) are more 
precise and show even less variability (5.59 ±0.33‰, 
n=16) than previous SIMS analyses of lunar zircons 
(5.49 ±0.50, n=14) reported in [1].  The zircon sample 
sets are small at present and other zircons are being 
sought, but this is remarkable given that zircons in this 
study come from a wide range of lithologies including 
lunar regolith, which may include material not repre-
sented by the Apollo rock samples. The average 
δ18O(zircon) value from the Moon is similar to zircons 
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from TTGs and unenriched plutons in the Archean 
Superior Province on Earth (5.5 ±0.8, [4]), but the 
variability is less on the Moon. The homogeneity seen 
in lunar δ18O (zircon) values is identical to the analyti-
cal reproducibility of single analyses of this study, 
which precludes identifying systematic correlations 
with trace elements, except possibly for grains ana-
lyzed multiple times. 

The titanium content in zircon is temperature de-
pendant [5,6] although the accuracy of Ti-in-zircon 
thermometry has been questioned [7,8].  The [Ti] in 
zircons from this study are consistent with previous 
determinations for lunar zircon (e.g. [3]) and signifi-
cantly above [Ti] determined in terrestrial igneous zir-
con (0.2 - 30 ppm [7]). Thus, [Ti] provides a discrimi-
nant for lunar vs. terrestrial zircons.  Uncorrected Ti-
in-zircon temperatures calculated from [Ti] in lunar 
zircons yield apparent temperatures from 900 to 
1075oC suggesting zircon crystallized over a wide 
range of temperature and significant evolution of the 
melts towards more felsic compositions.  Intragrain 
variation in [Ti] is generally small (< 10ppm). Three 
zircons from quartz monzodiorite (15405) have lower 
Ti concentrations (44-51 ppm) that suggest a lower 
crystallization temperature that would be expected for 
this evolved composition considering the well estab-
lished relation between the crystallization temperatures 
of magmas as a function bulk-rock major element 
chemistry (e.g. silica content).  

A plot of Sm/Yb vs. Ti (Figure 3) shows that the 
Sm/Yb ratio changes as a function of [Ti] (apparent 
crystallization temperature) for both Type 1 and Type 
2/3 zircons. The [P] and [Y] in our Type 2/3 zircons 
also show a systematic decrease with decreasing Ti 
and Sm/Yb.  These trace element variations can be 
attributed to apatite crystallization. Apatite displays a 
stronger affinity for LREE and MREE compared to 
HREE [9].  The covariation of Th/U vs. Sm/Yb  (Fig-
ure 3b) suggests a greater effect on Sm/Yb for Type 1 
zircons than for Type 2/3 zircons. These observations 
support the idea that phosphate-mineral crystallization 
affects trace element contents of lunar zircons [2].  We 
suggest that the differences between Type 1 and Type 
2/3 zircons in plots of Sm/Yb versus Ti and Th/U re-
sult from not only the amount of phosphate fractiona-
tion but also the extent of evolution of the magma as 
inferred from Ti-in-zircon. 

Taken together, these results emphasize the ho-
mogeneity of oxygen isotopes on the Moon, in spite of 
igneous differentiation, and the similarity to primitive 
magmas on Earth. Water is the primary agent of oxy-
gen isotope variability in terrestrial igneous zircons 
[10] and terrestrial zircons as old as 4.3 Ga are mildly 
elevated above the primitive value [11].  Small frac-

tionations at high-temperature, and the scarcity of wa-
ter minimize variability of δ18O on the Moon.  

 

 

 
Figure 3.  [Ti] and Th/U ratios vs. Sm/Yb ratio. Trian-
gles are data from [3], open diamonds (Type 1) and 
black squares (type 2 & 3) from [2]. 
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