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Introduction: The origins of meteoritic nanodiamonds (NDs) 

remain an enigma. Isotopic anomalies in trace elements, chiefly 

Xe, in bulk meteoritic acid dissolution residues [1], suggest a 

Type II supernova origin, while the bulk measured C [2] and N 

[3] are consistent with formation in the solar system. Poorly-

crystalline to amorphous carbonaceous phases, which can com-

prise a significant fraction of the residue [4], are potentially of 

different origin than the NDs. Measurements of the 12C/13C ratios 

of individual (on average ~2.6 nm diameter) ND grains are essen-

tial to understanding where they formed. Efforts are ongoing to 

conduct such measurements using atom-probe tomography (APT) 

[5,6]. Carbon isotope abundances measured by APT yield biased 

isotopic ratios due to instrumental artifacts; we are investigating 

and quantifying these artifacts and improving our standards and 

data reduction methods to optimize isotopic ratio measurements. 

Experimental: Needle-shaped sample “nanotips” with a ra-

dius of 20–100 nm, containing NDs or terrestrial detonation ND 

standards embedded between sputter-deposited Pt layers, are pre-

pared by focused ion-beam microscope liftout. APT was per-

formed with a Cameca LEAP 4000X Si [5,6], yielding 3D posi-

tions and time-of-flight data for ~57% of the atoms. Reconstruct-

ed data are corrected for background noise, interferences from 

other mass peaks, and detector deadtime effects [7]. To investi-

gate remaining artifacts in isotopic measurements we conducted 

complementary APT/secondary ion mass spectrometry (SIMS) 

measurements on a 13C enriched diamond superlattice [8], em-

ploying a Cameca NanoSIMS 50. 

Results: The ND standards reproduce the significant instru-

mental artifacts noted in prior work, which lead to an underesti-

mation of 12C/13C ratios [5,6,7]. For the few hundred Allende 

NDs measured to date, we do not detect significant isotopic devi-

ations from the standards, suggesting that these NDs most likely 

formed in the early solar system. The 13C-rich layer in the super-

lattice was measured by APT to have a 12C/13C ratio of ~0.1, in 

good agreement with NanoSIMS measurements ranging from 0.1 

to 0.2. These measurements will provide valuable reference data 

about hydride formation, charge state distribution, and molecular 

cluster formation. 
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