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Environmental conditions on Mars have been inferred from a variety of sources, e .g .  
theoretical modelling, satellite imagery, data from Viking landers etc. More recently, 
additional progress in constraining surficial processes has come from analyses of SNC 
meteorites. This small band of specimens has now increased in size to a total of ten, with the 
addition of samples from Antarctica [e.g. 11. In the present study, one of the type SNC 
specimens, Nakhla, has been investigated in an effort to provide constraints on the nitrogen 
cycle on Mars. 

The presence of low-temperature secondary minerals in SNC meteorites is well known. 
For instance, carbonates have been documented [e.g. 21, and their origin as martian 
weathering products deduced from carbon and oxygen isotope measurements [3, 41. With a 
knowledge of the isotopic compositions of weathering products, coupled with additional data 
from magmatic sources and atmospheric gases, it should be feasible to derive models of the 
geochemical cycles on Mars. In this regard, efforts have been made to use carbon isotopic data 
to trace the evolution of martian atmospheric C02 [5]. Provided the requisite data are 
available for nitrogen species (i. e. low-temperature forms, magmatic volatiles, atmospheric 
gases etc.) an equivalent treatment could be attempted for the surficial nitrogen reservoirs on 
Mars. The occurrence of nitrates has been predicted on the martian surface [6]. If these are 
confirmed in SNC meteorites, isotope measurements acquired could be used in an analogous 
manner to data from carbonates. However, a pathfinder study seeking nitrates had only limited 
success [7]: data from the black glass lithology from EET A79001 were ambiguous. There 
was some evidence for the presence of nitrates, but the origin of the salts was uncertain, i.e. 
they might have been a result of Antarctic weathering processes. The search for martian 
nitrates has now been extended to Nakhla, an observed fall retrieved soon after it landed, 
which has therefore not suffered extensive terrestrial weathering in a temperate environment. 
Nakhla is known to contain materials thought to be produced by pre-terrestrial aqueous 
alteration: iddingsite [8], smectite, sulphates [9] and carbonates [3]. Hence, Nakhla was 
considered to be a prime candidate in which to search for nitrates. 

A powdered whole-rock sample of Nakhla (ca. 2 mg) was mixed with spectroscopic-grade 
KBr and analysed by FTIR. The spectrum obtained was dominated by broad features below 
1250 cm-1, from the silicate minerals, with only a very minor peak around 1375 cm-1. This 
latter feature occurs at the same wave-number as most synthetic nitrates [7]. To confirm that 
nitrates were indeed present in Nakhla, an attempt was made to concentrate these water- 
soluble salts by extracting ca. 500 mg sample with 2 ml triply-distilled, de-ionised water. 
From the resulting solution, ca. 0.5 ml was set aside for ion chromatography, to determine the 
concentration of the putative nitrates. The remaining solution, which also contained some fine 
mineral grains from the meteorite, was evaporated to dryness, yielding a poorly-crystalline 
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residue, which was again mixed with KBr for FTIR analysis. The silicate features noted in the 
whole-rock were again present, but at reduced intensity. The adsorption at around 1375 cm-1 
was more prominent - both broader and deeper than in the whole-rock spectrum, implying that 
the presumed nitrates had indeed been concentrated in the water-soluble extract. FTIR, 
however, does not absolutely distinguish between different nitrate species, hence XRD work is 
necessary to characterise the water-soluble salts. 

Unfortunately, insufficient soluble materlal remained after FTIR for the nitrogen isotopic 
composition of the residue to be measured. However, it is known from previous work [7] that 
nitrates decrepitate over a narrow range of temperatures, between 300 - 50O0C, hence it 
should be possible to assess the nitrogen isotopic composition of these minerals from 
measurement of a whole-rock sample of the meteorite. A preliminary analysis of Nakhla using 
stepped heating [lo] showed a discrete release of nitrogen below 6W°C, with 6 1 5 ~  varying 
from -10%0 to + 10%0. However, with the large step size (lOO°C) employed during the 
analysis, it was impossible to distinguish nitrates from any other components present, such as 
organic compounds (terrestrial or indigenous). Regardless, it is considered that should any 
nitrates be present in Nakhla, they have 615N values that are not far removed from O%O, as 
was the case in the study of EET A79001 [7]. The 615N value of the present-day martian 
atmosphere, has been determined by Viking to be > +600%0 [ l l ] ,  and from SNC's to be > 
+300%0 [12]. This is substantially different from that which is apparent for the supposed 
nitrates, therefore the latter could not have easily formed from martian atmospheric nitrogen 
(otherwise they would have large positive 6 1 5 ~  values). Intuitively this is unexpected; if the 
results can be substantiated by further analyses, the whole subject of the nitrogen cycle at the 
surface of Mars may have to be reappraised. 

The possibility, however, that the presumed nitrates are terrestrial, can not yet be ruled 
out. The recently recognised specimen ALH 84001, a new type of SNC [I], collected from a 
different environment from Nakhla, may provide another potential source of nitrates. If the 
isotopic composition of the nitrogen-containing salts from Nakhla, ALH 84001 and 
EET A79001 are all similar, and ca. O%O, then either the mechanism of nitrate production on 
Mars is more complex than has been presumed, or the formation of terrestrial nitrates with 
broadly similar isotopic composition is more widespread than anticipated. Hopefully, 
appropriate analyses of ALH 84001 can be made swiftly so as to enable results from this new 
rock type to be added to the data acquired from other SNC meteorites. 
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