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Introduction: The original giant impact hypothesis 

as explanation for the origin of the Moon comprises of 

a Mars-sized planetesimal (Theia) that collided with 

the proto-Earth in an oblique angle. Debris were 

thrown into the Earth’s orbit and the Moon accreted 

from this material [1-3]. The giant impact hypothesis 

satisfies many chemical and physical properties of the 

Earth-Moon system, but fails explaining the close iso-

topic similarity between the Earth and the Moon. In 

general, Theia is expected to have had a triple oxygen 

isotope composition (Δ’17O) distinct from that of the 

proto-Earth [4]. Assuming that Moon and Earth formed 

from different Theia/proto-Earth proportions (e.g. [3]),  

the Moon is expected to differ in its Δ’17O from Earth. 

Several studies compared the Δ’17O of lunar and 

terrestrial rocks with results from Earth and Moon be-

ing indistinguishable up to 12 ppm different [5-13]. An 

identical Δ’17O of Earth and Moon can only be ex-

plained if either Theia and proto-Earth were formed 

from the same isotope reservoir and had an identical 

Δ’17O [7] or if intense mixing in the aftermath of the 

impact obliterated the difference [14]. The situation 

may be even more complicated as some studies report-

ed lithology-dependent Δ’17O variations suggesting 

heterogeneity of Δ’17O within the Moon [11,13,15]. 

Here, we reassess the composition of lunar rocks by 

means of improved high-precision 18O/16O and 17O/16O 

measurements. We present δ18O and Δ’17O data on a 

diverse lunar sample set from five different NASA 

Apollo missions. 

Reference frame: All the triple oxygen isotope da-

ta are reported on VSMOW2 scale via measurements 

of the primary standard San Carlos olivine with a com-

position of Δ’17O = -51.8 ppm (mean value of refs. [16-

18]). For the definition of Δ’17O we use a reference line 

with a slope of λRL = 0.528 and a zero y-axis intercept. 

Method: Oxygen was extracted from the samples 

by BrF5 laser fluorination. Oxygen isotope ratios were 

measured using a MAT 253 gas source mass spectrom-

eter. After our earlier study [10], a new laser fluorina-

tion line was designed and constructed. The gas extrac-

tion, the purification procedure and the isotope meas-

urements are fully automated, allowing continuous 

analytical sessions of several days, which considerably 

enhanced reproducibility. The external, session-to-

session reproducibility is 0.1 ‰ for δ18O and 6 ppm for 

Δ’17O (1σ SD; according to San Carlos olivine meas-

urements) resulting in a ± 4 ppm SEM (1σ) for dupli-

cate measurements. We have improved the gas purifi-

cation and now routinely monitor the gas matrix of 

each sample. Figure 1 shows the composition of the 

gas matrix measured for O2 extracted from San Carlos 

olivine and lunar samples. The gas matrices agree with-

in < 2%, i.e. we achieved a “matrix-match” for our 

analyses. Apparent variations in Δ’17O (artifacts) have 

been observed for the same samples if deviations in the 

gas matrices occur. 

 
Figure 1: Average gas matrix match between the lunar sam-

ples (y-axis) and the terrestrial San Carlos olivine standard 

(x-axis). Masses 11-98 are plotted. The gas matrices agree 

within < 2%. 

Results: The results are shown in Figure 2. 

 
Figure 2: Caltech plot illustrating the new Δ’17O data of 

lunar rocks in comparison to San Carlos olivine. The 

weighted mean value of the lunar samples (vertical solid 

line) and the SEM (1σ; vertical dashed lines) are displayed 

along with the data of the different lithologies. 
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Discussion: The measurement results of this study 

are in agreement with the results of most previous stud-

ies [7-13,15]; a difference between Earth and Moon is 

not resolved (Figure 3). Within analytical resolution 

(1σ interval), no lithology-related heterogeneity is re-

solved in the lunar sample set. We suggest that the 

Moon is isotopically (Δ’17O) homogenous. The total 

spread in δ18O of the studied lunar samples is 0.45 ‰. 

High-T equilibrium fractionation of O isotopes among 

igneous minerals is associated with 0.528 ≤ θ ≤ 0.529 

[19]. The high-T approximation for equilibrium frac-

tionation is 0.5305. Assuming a total igneous range of 

0.528 ≤ θ < 0.5305, a fractionation in δ18O of 0.45 ‰ 

can only introduce a shift in Δ’17O0.528 of <1.13 ppm. 

Consequently, this would result in <1.13 ppm higher 

Δ’17O values of the high-δ18O lithologies (anorthosites) 

compared to the low-δ18O lithologies (mare basalts, 

pyroclastic materials, KREEP breccias, soil). Our data 

hence agree with simple high-T mass fractionation dur-

ing lunar magmatism. 

A preference of feldspar for 16O [11,15], has been 

suggested on basis of observed lower Δ’17O of feld-

spar-rich highland rocks, but is not supported by our 

data. A larger variability in the Δ’17O within the Moon 

compared to the Earth mantle [13] is also not support-

ed by our data. 

 
Figure 3: The Δ’17O is plotted for different lunar lithologies 

together with literature data [7-13,15]. All data were normal-

ized to a Δ’17O of San Carlos olivine of -51.8 ppm (mean 

value of [16-18]) or a Δ’17O of UWG-2 of -61.8 ppm. 

Observed differences in Δ’17O between this study 

and literature data could be related to meteoritic con-

tamination. Even small amounts of meteorite material 

(<1%) may potentially influence the triple oxygen iso-

tope composition of the samples. For example, the 

samples 68815, 68115 (KREEP breccias) and the soil 

sample 12001 of our study have slightly lower Δ’17O 

values (5-8 ppm). This deviation, although close to the 

analytical resolution, could equate to 0.2-0.3% carbo-

naceous chondrite impactor contamination. We have 

tried to select samples that, based on HSE data, have 

not been contaminated by meteorite impacts for this 

study. Alternatively, preparational effects as discussed 

in [11] or variations in the gas matrices may play a role 

for explaining the discrepancies between studies. The 

gas matrices were not scanned in the earlier study from 

our laboratory [10]. It should be noted that a 10 ppm 

shift in Δ’17O can be caused by only 0.05 mV isobaric 

interference (caused by different gas matrices of sam-

ple and standard) on mass 33 (at a normal signal of 

5000 mV). 

The mean Δ’17O of all lunar samples from this 

study is -0.6 ± 0.8 ppm (1σ) relative to San Carlos oli-

vine (Figure 2). Assuming that the Δ‘17O of San Carlos 

olivine is representative for the silicate Earth, no dif-

ference is resolved in Δ’17O between Earth and Moon. 

This supports the ideas that i) Theia and proto-Earth 

had identical compositions [7] or ii) that Theia and 

proto-Earth material was well-mixed before the Moon 

accreted [14]. 

Conclusion: Our data set indicates that Earth and 

the Moon are indistinguishable in their Δ‘17O. The 

Moon is homogenous in its Δ’17O and no evidence for 

lithology-dependent Δ’17O variations were found in the 

set of analysed samples. 
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