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Introduction:  The presence of insoluble carbon-

rich particles and grains in carbonaceous chondrite 
meteorites has been recognized for some time [e.g., 1-
6], but their true potential for assisting our understand-
ing of early or pre- Solar System processes may yet be 
unrealized.  The fall of the Tagish Lake carbonaceous 
chondrite in 2000 has brought about renewed interest 
in these enigmatic materials.  Recent high-resolution 
transmission electron microscopy (TEM) of Tagish 
Lake and a range of CM2 carbonaceous chondrites has 
revealed a variety of sizes and forms, including aggre-
gates, nanotubes, and nanoglobules [3].  These objects 
were found in clusters and in isolation, and also dis-
played hollow to filled interiors.  The origin of these 
materials remains unclear.  Recent isotopic studies of 
nitrogen using isotope-ratio mapping by nanoSIMS 
revealed some of the nanoglobules in Tagish Lake to 
be enriched in 15N [4, 5].  It is not yet clear whether 
these anomalies represent chemical fractionations, as 
preferred by [4], or nuclear signatures.  In addition to 
nitrogen, [3] found sulfur and oxygen in the grains, 
both of which have stable isotopic systems that require 
evaluation.  

 
Figure 1.  Field emission scanning electron photomicro-
graphs produced in secondary electron mode.  Grains show a 
variety of morphologies from aggregates to spheres and 
cauliforms.  Note apparent hollow character of the central 
sphere of the aggregate in image ‘d.’  Scales and other in-
formation are presented in footers. 

The current study was performed to continue the 
isotopic characterization of various carbonaceous 
forms by 1) isolating carbon-rich grains of various 
morphologies, focusing on the ≤1 µm-diameter size 
fraction for typical nanoglobules, and then 2) perform-
ing isotopic studies of the grains by secondary ion 
mass spectrometry (SIMS).  An advantage of this 
method over in-situ microtoming of the particles, is 
that three-dimensional grain morphologies are main-
tained, which may assist grain characterization.  If the 
grains are sufficiently separated from surrounding ma-
terial, clean isotopic analyses can also be obtained.  
Here we report early results of this method for identi-
fying and characterizing carbon-rich grains by SIMS 
in the Taglish Lake meteorite. 

 
Carbon and nitrogen isotopes were measured using the 
Cameca 6f ion microprobe at ASU.  A primary Cs+ 
beam accelerated to 10 kV was focused to a diameter 
of 1-2 µm.  Carbon and N isotopes were measured as 
CN-, using the masses 12C14N, 12C15N, and 13C14N.  A 
mass resolving power (MRP) of ~5,500 (M/∆M) was 
used to separate these masses and most potential inter-
ferences [e.g., 7].  The nitrogen isotopic standard was 
C6H5N3O·H20 [7], and carbon was standardized to this 
compound and a graphite planchette.  Fourteen carbon-
rich particles were chosen for carbon and nitrogen 
analysis based on 1) relative ease of relocation and 2) 
the amount of surrounding material that could pose an 
interference. 

Methods:  We demineralized a sample of pristine 
Tagish Lake in HF and HCl and mounted the C-rich 
residue on a newly polished aluminum stub.  After 
mapping the mount at low-magnification on the JEOL 
845, a Hitachi S-4700 FESEM in the Center for Solid 
State Electronic Research at Arizona State University 
was used to identify and characterize target particles.  
Images of six of these particles are shown in Fig. 1. 

Results and Discussion:  The residue consists of 
two morphologically distinct grains; a fluffy material, 
and discrete rounded structures.  For this study, the 
fluffy material constitutes a potential source of back-
ground noise to the isotopic signal from the targets, 

 

Lunar and Planetary Science XXXVI (2005) 2205.pdf

mailto:jwashley@minorplanetresearch.org


members of the rounded-grain population.  One advan-
tage of using a dispersed sample on a non-
carbonaceous substrate rather than measuring the par-
ticles in-situ is that the individual grains can be meas-
ured cleanly even if the primary beam is larger than 
the grain.  However, correctly identifying the target 
grain locations can be challenging.  A secondary elec-
tron detector on the ASU 6f assists with particle loca-
tion.   

Fourteen rounded grains were identified by 
FESEM and targeted for SIMS analysis, of which 
seven were correctly located and sputtered.  Other tar-
gets were either missed by the ion beam or were too 
close to interfering matrix material for unambiguous 
interpretation.  All seven of the grains are enriched in 
15N, four show 13C excesses and one a 13C deficit (Fig. 
2).  The range of nitrogen compositions is consistent 
with that observed previously by other researchers [4, 
5]. 

 
Figure 2.  Measured carbon and nitrogen isotopic composi-
tions expressed as deviations from Solar System standards, 
together with the values for average Tagish Lake matrix 
material (red triangle).  Error bars are 2σ. 
 

The motivation for this study is to understand the 
origin of carbon nanoglobules and nanotubes charac-
terized in detail by TEM [3].  The exterior morphology 
of the grains in Fig. 1a through 1d, and one grain not 
illustrated, indicates them to be similar to those de-
scribed in the TEM study.  The objects in Fig. 1e and 
1f, which have an external cauliform appearance, may 
be related to the presolar graphite grains that have 
been studied in detail at Washington University and 
elsewhere [e.g., 2, 6].   

The source(s) of the isotopic anomalies in the car-
bon grains is not well understood.  They could have 
originated as kinetically driven mass fractionations, 

either in space or on the parent body, or they could 
have been generated by stellar nucleosynthesis.  Iso-
topic fractionation on the parent body was discounted 
by [5] because the anomalies are much larger than any 
effects observed in the background organics (repre-
sented by the red triangle in Fig. 2).  They argued that 
the anomalous particles must have become so prior to 
accretion into the Tagish Lake parent body.  Distin-
guishing between mass fractionation effects in space 
and nucleosynthesis is more difficult.  Both nitrogen 
and carbon are enriched in the heavy isotope, so the 
signs of the isotope effects are consistent with frac-
tionation.  If the nitrogen is sited primarily on the grain 
surfaces, kinetic mass fractionation could produce lar-
ger anomalies in nitrogen than in the carbon that 
makes up the bulk of the particle.  But there is no evi-
dence from the TEM that nitrogen is preferentially 
cited on the surfaces of the grains.  It is hard to rule out 
stellar nucleosynthesis because it can produce almost 
any combination of isotopic anomlies.  For example, 
the CNO cycle operating at the base of a stellar enve-
lope produces lower 15N/14N and higher 13C/12C ratios 
[e.g., 8], but this is not what we observe (Fig. 2).  On 
the other hand, supernovae can produce excesses of 
15N and 13C [e.g., 9], which is what we observe.  Two 
of our grains physically resemble presolar graphite 
grains studied previously (Fig. 1e, f).  Presolar graph-
ite exhibits large isotopic anomalies of both signs in 
carbon, but very little in the way of nitrogen anomalies 
has been observed [e.g., 2].  The lack of nitrogen ef-
fects may reflect contamination with terrestrial nitro-
gen during chemical processing.  Our samples are 
much less chemically processed and thus may be less 
contaminated.  

At present, our data show that the nanoglobules 
were unlikely to be produced in-situ on the meteorite 
parent body.  With detailed, correlated studies of struc-
ture, chemical composition, and isotopic composition 
of several elements, we hope to unravel the history of 
these interesting objects. 
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