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We report the identification of discrete assemblages of 

nitrogen (N)-rich organic matter entrapped within inte-

rior fracture surfaces of the martian meteorite Nakhla. 

Based on context, composition and isotopic measure-

ments this organic matter is of demonstrably martian 

origin. The presence of N-bearing organic species is of 

considerable importance to the habitable potential and 

chemical evolution of the martian regolith. 

Introduction: Carbonaceous phases have been identi-

fied in several martian meteorites by bulk analyses 

and/or chemical extractions. Such bulk studies do not 

constrain the form and relationship(s) of the organic 

phases with the host mineralogy. Moreover, it can be 

difficult to differentiate between indigenous and con-

taminant organics by bulk studies. To address this, we 

have undertaken an in situ analysis of freshly fractured, 

interior surfaces of the martian meteorite Nakhla. 

Methods: The Nakhla samples used in this work were 

acquired from the British Museum of Natural History. 

Chips from Nakhla, split 15 were fractured under clean 

conditions using stainless steel tools. Fragments which 

revealed fresh interior fracture surfaces were then se-

lected and immediately imaged optically before being 

lightly coated with ~1 nm Pt and characterized using 

field emission scanning electron microscopy (FESEM) 

and energy dispersive X-ray spectroscopy (EDX) to 

identify C-rich regions. Figures 1A & 1B show one such 

C-rich feature from which two thin sections were sub-

sequently extracted by focused ion beam (FIB) micros-

copy. One section was prepared for two-step laser mass 

spectrometry (-L2MS) and NanoSIMS analyses, while 

the other (Fig. 1C) was thinned to electron transparency 

for characterization by scanning transmission electron 

microscopy (STEM) and EDX.  

Results: Figs. 1A & 1B show a FESEM/BSE image of 

the C-rich feature on a freshly fractured surface of Na-

khla. Yellow boxes indicate the location from which the 

transverse thin-sections were extracted by FIB. Fig 1C 

shows a bright-field STEM image of one of these sec-

tions in which the C-rich feature which appears as a thin 

layer ~8 0.5 m in size. STEM/EDX spectra (Fig. 1D) 

show the carbonaceous region of interest (ROI) contains 

N, O, Si, Ca & S. The right side of the ROI also contains 

Na & K while the left side is enriched in Mn. EDX point 

spectra indicate N is present at significant amounts with 

estimates ranging from ~1 4 wt. % across the ROI. 

STEM/EDX mapping (Fig. 1E) shows Si is present as 

discrete ‘hot spots’ while the Mn appears uniformly dis-

tributed. High resolution imaging and selected area 

electron diffraction indicate the carbonaceous matter 

lacks ordering and appears amorphous with no evidence 

of any graphite or ‘graphitic-like’ phases. From our pre-

vious study [1], Raman spectra demonstrate charac-

teristic broad D and Gband structures with Raman 

shifts of ~1375 and 1561 cm-1 indicating the presence of 

aromatic moieties. H isotopic imaging showed the ROI 

to be enriched in D with a D of 306  52‰ (1), 

strongly suggestive of a non-terrestrial origin.  

Discussion: Nitrogen is recognized as one of the key 

building blocks of life and N-containing functional 

groups are present in virtually all biomolecules from 

amino acids to DNA. The observation of discrete assem-

blages of indigenous N-rich organic matter in a martian 

meteorite is thus relevant to the potential for Mars as a 

habitable environment. For N to be incorporated into or-

ganic species, it must first be reduced (i.e., N2 + 2e → 

2N). On Earth this occurs by reduction of N2 through 

biological fixation by nitrogenase enzymes [2]. How-

ever, unlike Earth, N2 is only a minor component of the 

martian atmosphere and in the absence of a catalyst, abi-

otic reduction of N2 is kinetically inhibited [3]. Alt-

hough previous studies have shown nitrates (NOx) have 

been detected in several Mars meteorites (EETA79001 

[4,5], Nakhla [5], and Tissent [6]), in sedimentary de-

posits at Gale crater [7], and benzonitrile in extracted 

Nakhla organic matter [8], this is the first report of in 

situ, indigenous N-bearing organic matter in a Mars me-

teorite. -L2MS organic measurements [e.g., 9] of the 

ROI are planned that will help determine how N was 

assimilated into this organic material; this technique is 

key to the in situ characterization of discrete organic 

molecules comprising the ROI. Coordinated NanoSIMS 

N and C isotopic measurements are also planned.  
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