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Stepped Heating Analysis 
 

• Samples were heated in the presence of oxygen 
supplied from CuO in steps, (in increments of 100 °C 
or 50 °C, from 200 °C up to 1400 °C) within a 
double-walled quartz-ceramic furnace  
 

• Combusted for 30 minutes, followed by 15 minutes 
for oxygen resorption 
 

• Gases released were then transferred to the clean-
up section of the ‘Finesse’ static-mode triple mass 
spectrometer system 
 

• Various gas fractions were cryogenically separated 
using liquid nitrogen-cooled traps, some of which 
were filled with molecular sieves.  Ar and Ne were 
purified using Ti-Al getters, and nitrogen was 
purified using a CuO furnace 
 

• Carbon yields (recorded as ng of C) were calculated 
using the pressure of CO2 measured on a calibrated 
MKS BaratronTM capacitance manometer.  Nitrogen 
yields (also recorded as ng) were measured via 
calibration of the mass spectrometer ion current at 
m/z = 28.  Noble gas yields were determined by 
calibration of mass spectrometer peak intensities at 
the appropriate m/z values 

Element/Isotope Typical System Blanks 

C < 10 ng 

N < 1 ng 
4He < 1E-7 cc 

20Ne < 6.5E-10 cc 
40Ar < 8E-9 cc 
36Ar < 1.2E-10 cc 

Indigenous Lunar Nitrogen 
 

• Low temperature steps (< 600 °C) dominated 
by terrestrial contaminants, coinciding with 
the release of ~ 70 – 80 % of the total N in 
these samples 
 

• Highest temperature steps (typically > 1000 
°C) dominated by the release of cosmogenic N 
(enriched in 15N), representing the release of 
< 17 % of the total N (e.g. Fig. 2) 
 

• Mid temperature range (varies slightly 
between individual samples) is unaffected by 
these two isotopic ‘overprints’, and so offers 
the best opportunity to identify the isotopic 
signature of the minor indigenous lunar N 
component   
 

• The range of indigenous lunar N isotopic data 
collected as part of this study (δ15N = +24.6 ‰ 
to -10.9 ‰) fits well with previous analyses of 
indigenous N in various lunar samples [1,2,3], 
and greatly expands the number of samples 
studied for this purpose (Fig. 3) 
 

• Taking only the 13 samples from this study 
into account, the weighted average δ15N value 
for indigenous N is 2.4 ± 0.9 ‰ 
 

 

Carbon 
 

• As with nitrogen, the majority (50 to 98 %) of C 
released from mare basalts is released at low 
temperatures (< 600 °C), associated with terrestrial 
contamination (Fig. 5) 

 

• Between 1 and 3 % of the total C is released at mid-
temperature steps 
 

• At the highest temperatures (> 1000 °C), typically < 1 % 
of the total C is released above system blank levels, 
and is associated with isotopic enrichment in 13C, 
attributed to cosmogenic C produced by spallogenic 
processes at the lunar surface 

Indigenous Lunar C/N ratios 
 
• Focusing on the mid temperature range data (taken 

to represent the indigenous characteristics of mare 
basalt samples), the release profiles of C and N from 
the same sample can be compared 
 

• Such comparisons reveal correlations between C and 
N release abundances, suggesting that both are 
located within the same phase in the samples 
 

• Therefore, it is possible to calculate the C/N ratios 
from this release abundance data, to characterise the 
C and N properties of the lunar mantle, from which 
the melts, that formed these samples, were derived 
 

• C/N ratios from this study fall within the range 4 – 22, 
which, although very different from modern 
terrestrial depleted mantle C/N ratios [4,5], is very 
similar to the values for enstatite chondrites 
(suggested by [7] to represent a proxy for the 
composition of the primordial terrestrial mantle), 
calculated from data in [8] and [9]. 
 

• However, measured δ15N values for enstatite 
chondrites are around -30 ‰ [9], suggesting that 
they do not share a common source of N with 
indigenous lunar N (as measured in mare basalts) 

Figure 2: Example of typical N release profile (sample 
12040), with bars representing the amount of N 

released at each step, and the line graph representing 
the isotopic composition of the N released at each step 
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Figure 4: Isotopic signature of indigenous lunar N (circles) 
compared to other solar system reservoirs of N (coloured 

bars) [1-5] 

Figure 3: Comparison between previously published indigenous lunar N 
isotopic data and those obtained as part of this study 

• Including previous reports of indigenous lunar N in 
breccias, basalts, and lunar meteorites, the average 
δ15N value is around 5 ‰ 
 

• Both of these averages are only slightly heavier than 
terrestrial mantle N isotopic signatures, and fall 
within the measured range for carbonaceous 
chondrites, highlighting the similarities between the 
materials forming the Earth and Moon (Fig. 4) 
 

Sample C/N Ratio 

10017 21 

10057 16 

10072 16 

12040 6 

12047 18 

12064 9 

14053 4 

15386 10 

70017 22 

70035 11 

74275 18 

75055 17 

Terrestrial Depleted 
Mantle 

535 ± 224 [4,6] 

Enstatite Chondrites 4.5 to 15 [7,8] 

Figure 5: Example of typical C release profile (sample 
70035), with bars representing the amount of C released 
at each step, and the line graph representing the isotopic 

composition of the C released 
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