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RELEASE OF LIGHT NITROGEN FROM APOLLO 12023 < 10 pm FRACTION BY A 
COMBINATION OF PYROLYSIS - COMBUSTION; D.R.Brilliant, I. A. Franchi and C.T. 
Pillinger, Planetary Sciences Unit, Dept. of Earth Sciences, Open University, Walton Hall, Milton 
Keynes MK7 6AA, UK. 

Release of the component having the most 14N enriched nitrogen in lunar soil 12023 has been 
found to be affected by the presence of oxygen during stepped heating experiments. The results are 
consistent with this nitrogen, about 5% of the total being in an oxidisable phase. 

The characterisation of different nitrogen carriers remains a serious problem when attempting to 
determine the reason for the large (20-50%) variation of 615N both within and between lunar 
samples. Amongst the ideas put forward to explain the observed changes are (i) a secular increase 
in the 15N/14N of the solar wind [I] and (ii) a two or multi-component mixing of solar wind 
nitrogen with a non-solar source(s) [2,3], such as indigenous lunar N [4], interstellar grains from 
primitive meteorites (5,6) and magnetospheric ions from the terrestrial atmosphere [7]. However, 
with the exception of the attempt by Brilliant et al. [6] to study an acid resistant residue, there have 
been few efforts to provide any "chemical" information about the nature of putative components. 
The best which has been offered to date is the observation that the part of the gas enriched in the 
l5N isotope is liberated at a lower temperature than the portion having more of the 14N isotope; 
since the concept of the higher temperature component being equated with fossil surfaces has long 
been discredited [5] but recently reconfirmed [8] and acknowledged [9], other ideas need to be 
evaluated. 

In the current study, we have attempted to combine stepped pyrolysis and combustion to 
provide information about the r61e of oxygen in nitrogen release which would allow inferences 
about the chemical nature of the carrier phases. High resolution (100C and 250C) extraction 
procedures were applied to an Apollo 12023 grain size separate of < 10 pm. Note that the small 
particle fraction was chosen to eliminate the true "volume correlated" component which is only 
released at temperatures above 11000C when the sample melts. All samples were analysed with a 
static vacuum nitrogen mass spectrometer giving better than f 0.2%0 precision at picomole levels. 

When compared directly the isotopic profiles for stepped combustion and stepped pyrolysis are 
remarkably different. The pyrolysis experiment showed a pronounced second minimum in 615N at 
10500C not seen at all in the combustion. A summary of the observations is given in the Table. 
Pyrolysis shows there are two isotopically light components in the lunar soil 12023, one 
(hereinafter called NHT) released at 10500C, more "stable" than the other by around 150 - 200°C. 
The NHT carrier is in this case at least 70%0 depleted in 1 5 ~  relative to its companion and is 
rendered less stable (combustible?) in the presence of oxygen. The other light N carrier released at 
-8500C (hereinafter N m ) ,  which is not apparently affected by oxygen, is much more abundant but 
unresolved from yet another component enriched in l5N [8] which is even less stable to 
combustion and pyrolysis (henceforward NLT). On the basis of summing the N yields below and 
above 9000C, the NHT may be between 6 and 10 ppm by wt of the bulk sample (5% of the total 
nitrogen). 

For the purpose of investigating further NHT the component affected by 0 2 ,  we undertook a 
high resolution examination of a sample by a dual pyrolysis and combustion method. Two slightly 
different approaches were employed. Firstly the sample was pyrolysed to a temperature (9000C), 
believed to be above the release of NLT and N w ;  several combustion steps (at a fixed temperature 
of 9000C) were then carried out. Secondly, the sample was step pyrolysed as before but at 
between 860 and 8900C the procedure was stopped, the extraction vessel cooled and a stepped 
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combustion begun from low temperature. Both experiments confirmed that release of NHT is 
enhanced by the presence of oxygen. In the first experiment the release of nitrogen which had been 
running at approximately 2ng/step, 6 1 5 ~  ca. -2%0, up to 9000C suddenly increased to 12.5 ng, 
6l5N=-66.7%~ in the first 9OOOC combustion. Once the pyrolysis was resumed the amounts of 
nitrogen released dropped back to ca. lngzstep and a minimum 615 N of -72% was reached at 
10500C. In the second type experiment, there was evidence for a peak in the stepped combustion 
nitrogen release at 700 - 7250C believed to be NHT; blank corrections are substantial but there is 
good evidence from the data to suggest that NHT has a true 61% < -20W00. At high temperature 
above, 860 - 8900C, the combustion resembled the resumed pyrolysis in the first type combination 
experiment; 615N minima of -7 1% and -66% at 10500C were observed in repeat analyses. 

I A12023c 10pm Combustion(l) I A12023clOpm ~ y r o l y s i s ( l ) ]  

Although we have now demonstrated that NHT, the lightest nitrogen in soil 12023, has a 
release which is facilitated by the presence of oxygen, we have hesitated from identifying the 
carrier as combustible which might imply carbonaceous. The analytical system we use for nitrogen 
is able to obtain information on carbon and argon conjointly with the main element of interest. 
Although carbon measurements are afflicted by significant blank contributions, a release can be 
discerned coincident with the N m .  In both combination experiments however the C/N ratio cannot 
be > 4 and could be much less. There is good evidence for a component of 36Ar accompanying 
NHT; the 36/38 ratio is typical of a solar wind value. 

We now have strong evidence for the presence of two light nitrogen components (NHT and 
NMT) in lunar regolith samples. NHT has a lower 615N than NMT and is chemically 
distinguishable, ie. affected by oxygen at a temperature as low as 700 - 7250 C. If the canier of 
NHT is carbonaceous it does not have a high C/N; the existence of accompanying 36Ar however 
could mean that NHT is of solar wind in origin. The difference in release characteristics could be 
mineralogical eg. NHT might be associated with finely-divided metallic iron. Future efforts will 
need to consider if NHT is present in ancient lunar breccias, and the NMTINHT ratio in such 
specimens. 
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Footnotes: (1) Note that in both experiments the sample is combusted a number of times at 350°C to remove 
any terrestrial contamination; the nitrogen released at 350°C is not accumulated as part of the yield. 
(2) One step lost, on the basis of steps before and after ca. 6 ppm could be added 

2 15 ppm(2) 

1 88.6ppm(2) 

26.5ppm 

+ 15.5%0 

+141Ym 

-447&(790-8 1OOC) 

none observed 

217 ppm 

184.7ppm 

32.5ppm 
+12.4%0 
+I36760 

-26%~ (800- 840OC) 

-9372~~ (1000- 1050OC) 


