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Introduction:  Antarctic micrometeorites (AMMs) 

are extraterrestrial dust particles collected in Antarctic 
blue ice that are intermediate in size (20–500 µm) 
between interplanetary dust particles (IDPs) and mete-
orites. Understanding the origin(s) of AMMs is of 
particular interest, since they constitute the greatest 
contemporary mass input of extraterrestrial matter to 
the Earth [1] and may have contributed a significant 
amount of water and organics to the early Earth [2]. 
However, their origin(s) and possible relationships to 
other extraterrestrial materials remain obscure, and 
both asteroidal (related to CM/CR chondrites) and 
cometary origins have been proposed [3, 4]. 

As in CR chondrites and IDPs [5, 6], isotopic 
anomalies in several elements (e.g., H, C, N, O, Si) 
have been reported in AMMs [7]. Many of these 
anomalies reflect the presence of presolar grains (e.g., 
SiC, silicates, oxides) [8]. However, the origin(s) of 
the nitrogen isotopic anomalies associated with insolu-
ble organic matter (IOM; Fig. 1) remain poorly under-
stood. Previous studies have indicated a possible link 
between high presolar grain abundances and the pres-
ence of nitrogen isotopic hotspots in CR chondrites 
and IDPs [3, 4]. In particular, 15N-rich hotspots have 
been identified in a primitive AMM with high presolar 
grain abundances, T98G8 [9]. 

Samples and methods:  Using the NanoSIMS 50, 
we carried out raster ion imaging of C, N and O iso-
topes in multi-collection mode in seven fine-grained 
AMMs (T98H5, T00Iba030, T98G6, T98G8, T98H3, 
T98G5, and T98NF2) to identify isotopic anomalies. A 
focused Cs+ primary beam of ∼1 pA (∼100 nm) was 
rastered over surface areas of 10×10 or 20×20 µm2 
(2562 pixels). We mapped a total of 38,900 µm2 for 
carbon and oxygen isotopes and 28,200 µm2 for carbon 
and nitrogen isotopes. The O isotopic compositions 
were normalized internally, assuming solar values for 
the bulk AMM, and the N and C isotopic compositions 
were normalized to synthetic Si3N4 and SiC standards, 
respectively. We then used the Auger Nanoprobe to 
characterize the elemental compositions of the presolar 
grains and 15N-rich hotspots identified. We also acqui-
red Raman spectra of several 15N-rich hotspots in the 
AMM T98H5 with a state-of-the-art inVia© Laser 
Raman Imaging system [10] using a 633 nm laser 
wavelength. 

 
Fig. 1: Nitrogen isotopic compositions (14N/15N) of Solar 
System objects compared to AMMs. Black lined circles 
correspond to bulk nitrogen isotopic compositions (‘bulk’) 
and colored areas correspond to ranges of N-anomalous 
hotspots (‘IOM’; ‘SOM’ = soluble organic matter). Data for 
T98H5, T98G6 and T00Iba030 are from this study. Other 
data are from [5, 6, 11-13 and references therein]. 

Results and discussion:  In the seven AMMs, we 
identified a total of 65 oxygen-anomalous grains and 
26 carbon-anomalous grains. We also searched for 
nitrogen isotopic anomalies in T98H5, T00Iba030 and 
T98G6, and found large 15N-enrichments in T98H5, 
including one extremely anomalous hotspot with a 
δ15N of 10,811 ‰ (Fig. 2). Like T98G8 [9], this AMM 
also has a 15N-rich bulk isotopic composition (Fig. 1), 
with an average 14N/15N ratio of 215 ± 9. However, 
T98H5 does not contain particularly high abundances 
of presolar grains (~39 ppm for O-anomalous grains). 
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T00Iba030 and T98G6 have bulk nitrogen isotopic 
compositions close to terrestrial and exhibit only a few 
15N-rich hotspots (Fig. 1). Both AMMs also have simi-
lar presolar grains abundances (~70 ppm for O-
anomalous grains), significantly lower than the abun-
dances observed in primitive meteorites and IDPs [6, 
14]. Our results do not indicate any clear relationship 
between presolar grain abundances and the presence of 
N-anomalous hotspots. 

The nitrogen isotopic ratio of the extremely 15N-
rich hotspot identified in T98H5 is more consistent 
with those typically observed in presolar Si3N4 and 
some SiC grains [8]. However, the 12C/13C ratio of this 
hotspot is normal and the 28Si image does not show 
any Si enrichment in the grain, which is inconsistent 
with either presolar Si3N4 or SiC grains. Auger Nano-
probe measurements indicated the presence of iron-
rich phase(s) associated with the 15N-rich hotspots 
identified in T98H5 (Fig. 2). We carried out Raman 
spectroscopy measurements to further characterize the 
carrier of the 15N-rich hotspots. While the nitrogen 
concentrations are too low to identify a clear peak 
associated with N-rich organic molecules, the Raman 
spectra clearly indicate the presence of carbonaceous 
matter (D- and G- bands) and two possible iron-rich 
phases (Fig. 2), magnetite and hematite (or heated 
goethite [15]). High laser irradiation during the Raman 
measurement can sometimes cause the conversion of 
magnetite into hematite [16]. However, it seems un-
likely in this case because the hematite bands were 
observed even at the start of the measurement. It is not 
clear whether the iron oxides-hydroxides are primary 
phases or secondary phases formed by the alteration of 
Fe-Ni metal grains in the Antarctic ice. The association 
of organic matter with iron oxide-hydroxide grains is 

consistent with a formation by a process similar to the 
Fischer-Tropsch synthesis. However, Kung et al. [17] 
showed that no large nitrogen isotope fractionation 
occurs during Fischer-Tropsch synthesis (maximum = 
∼3‰). Recent theoretical calculations of nitrogen 
isotopic fractionation in the interstellar medium indi-
cated that large 15N-enrichments could be produced in 
ammonia ice mantles around dust grains by ion-
molecule reactions (up to ∼10,000 ‰) [18]. In that 
context, the 15N-rich organic matter in T98H5 could 
have formed in a two-step process: (a) the enrichment 
in 15N in ammonia ice mantle by ion-molecule reaction 
in the interstellar medium, followed by (b) the trans-
formation of ammonia into other organic compounds 
on the surfaces of iron-rich grains. 
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