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Introduction: Correlated multi-technique analyses
of individual presolar grains are the most effective
way to constrain the stellar sources of these grains and
gain information about their nucleosynthetic and
chemical environments. Traditionally, destructive
techniques like NanoSIMS and TEM of ultramicro-
tome sections of grains have been used to decipher the
chemical, isotopic, and structural properties of star-
dust that provide an understanding of the circumstel-
lar environments in which the grains condensed.

Numerous TEM studies have provided major and
minor elemental information on the nm-sized sub-
grains in presolar grains [e.g., 1,2]. TEM is, in prin-
ciple, a non-destructive technique but it requires the
grains to be ultra-microtomed before analysis. This
sample preparation procedure disrupts 3-d chemical
information that could otherwise be recovered if the
grains were studied intact. Presolar grains inherit their
chemistry and subgrain population from the circum-
stellar gas, as they are blown through cooling outflows
of dying stars. Observed radial trends in the chemical
composition and subgrain size in individual grains
reflect changes in gas chemistry and number density
in the circumstellar region [1]. Circumstellar pressure
and temperature conditions can be determined based
on the condensation sequence of elements observed in
the stardust grains. These measurements provide im-
portant constraints to theoretical models of circumstel-
lar regions that cannot otherwise be obtained by astro-
physical observations of such stars. Thus, it is vital to
preserve the 3-d spatial structure of the grains during
measurements. In the past, such studies of chemical
trends vs. radial distance in grains have been pains-
takingly reconstructed by analyzing numerous ultra-
microtome sections with a TEM [1]. This abstract
presents a new technique to study presolar grains and
their sub-grain population. Combined computed to-
mography (CT) and X-ray fluorescence (XRF) meas-
urements at the nanoscale level will make construct-
ing a 3-d chemical picture of presolar grains incredi-
bly straightforward.

Prior synchrotron XRF studies of presolar SiC
grains contained no 3-d information and had a lower
spatial resolution of ~ 1 um [e.g., 3, 4]. 3-d recon-
structions by atom probe analysis, while non-
destructive, require the sample to be sharpened into a
tip, leading to a loss of material [5]. Nano-XRF data

of three presolar graphite grains obtained at DESY
and ESRF by [6, 7] was promising but was limited in
the capability to construct a tomographic image of the
grains. We present preliminary data from a new study
that can combine nano CT (nCT) and nano XRF
(nXRF) measurements to produce 3-d maps of the
chemistry and microstructure of presolar grains.

Experimental details: A 6 micron presolar graph-
ite grain from the low density fraction of Orgueil was
selected for this study because of the large number of
refractory sub-grains expected in the grains from these
fractions [8]. The grain was identified and attached
onto an STM tip with Pt-deposition using the Zeiss
1540XB FIB-SEM at Argonne National Lab. This
attachment is necessary to prevent losing the grain in
transport or when the analysis chamber is evacuated
(10°° torr) for the scanning nXRF measurements. nCT
and nXRF measurements were then obtained using the
Hard X-ray nanoprobe (26-ID-C) operated by the Cen-
ter for Nanoscale Materials at the Advanced Photon
Source, Argonne National Lab. This beamline pro-
vides the unique capability of carrying out non-
destructive, combined nCT and nXRF measurements,
not available at other beam lines or synchrotron
sources at this length scale [9].

Spatially localized x-ray fluorescence spectra were
generated by raster scanning a focused ~50 nm x-ray
beam of 9 keV energy over an 8 um” spatial area at 5
sample angles (0°, 45°, 90°, 135°, and 180°). These
spectra were detected using a Vortex Me4 energy dis-
persive detector at a dwell time of 0.25-1.0 s per point.
From these spectra 2D maps of elemental concentra-
tions of Al, Si, Zr, Sr, Y, Au, S, Pb, Cl, Cd, K, In,
Ca, Te, Sc, Ti, Nd, V, Cr, Mn, Gd, Mn, Fe, Ni, Cu,
Zn, Ga, and Co were created using the MAPS analysis
software package [10], quantified with a thin film
XRF reference standard (RF8-200-S2455). Full-field
imaging and nanotomography of the grain were also
carried out by obtaining projection images at regular
angular intervals as the precision stage was rotated
through 180°. These images were aligned and recon-
structed using TXM-Wizard [11] to obtain a 3-d view
of the grain’s internal structure at a spatial resolution
of ~25 nm. In the near future, the nXRF and nCT data
will be fused to produce a 3-d map of the microstruc-
ture and chemistry of the grain. This method is called
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nano tomography-assisted chemical correlation
(nTACCo) and is described in detail in [12].

Results: Figure 1 presents one frame from the
movie showing the tomographic reconstruction of the
entire graphite grain. A preliminary examination of
the nCT and nXRF datasets indicates the presence of
several (Ti,V)C subgrains in the host graphite. Figure
2 shows 2-d nXRF maps for Ti-Ka and V-Ka meas-
ured at 0°. The low resolution nXRF maps were able
to easily resolve several 50 nm subgrains. Figure 3
shows one frame from the preliminary 3-d nXRF co-
incidence analysis for the grain. Ti and V signals ap-
pear to be correlated, as expected from (Ti,V)C grains
often seen in presolar graphite grains [e.g., 8] . The 3-
d movie of the chemistry of the grain shows that the
Ti, V, and some of the Fe signal originate from the
interior of the grain, while the Ca signal is from the
surface. The nTACCo analysis that will overlay the 3-
d chemical map shown in Figure 3 on the tomograph-
ic reconstruction will give a better 3-d picture of the
grain. We will present the result of this analysis at the
meeting.

The XRF data will also be quantified to obtain
maximum elemental concentrations for the entire
grain.

Conclusion: Our preliminary data on a presolar
graphite grain is promising and demonstrates that
nTACCo analysis can be a powerful technique to ob-
tain nanoscale 3-d chemical and microstructural in-
formation on presolar grains (and other cosmochemi-
cally relevant micro-particles).

Acknowledgements: This work was performed in
part at the Advanced Photon Source and the Center
for Nanoscale Materials, both of which are U.S. De-
partment of Energy Office of Science User Facilities
under Contract No. DE-AC02-06CH11357 operated
by Argonne National Lab; M.J. was supported as a
postdoc by NASA grant NNX09AG39G awarded to
Andrew M. Davis.

References: [1] Croat T.K. et al. (2003) Geochim.
Cosmochim. Acta 67,4705-4725. [2] Croat T.K. et al.,
(2005) ApJ 631, 976. [3] Kashiv Y. et al. (2002) LPS
33, #2056. [4] Knight K.B. et al. (2008) LPS 39,
#2135. [5] Heck P.R. et al. (2014) MAPS 49, 453-467.
[6] Schmitz S. et al. (2012) Meteorit. Planet. Sci. 47,
#5215. [7] Jadhav M. et al. (2014) LPS 45, # 1015. [8]
Jadhav M. et al. (2013) Geochim. Cosmochim. Acta,
113, 193-224. [9] Winarski R.P. et al. (2012) J. Syn-
chrotron Radiat. 19, 1056. [10] Vogt S. (2003) J Phys
IV France, 104, 635. [11] Liu Y. (2012) J. Synchro-
tron Rad. 19, 281-287. [12] Hu et al. (2014) Acta Ma-
terialia 77, 173-182.

1 pm

Figure 1: A single frame from the nano tomographic
reconstruction of the presolar graphite grain. The
movie will be presented at the meeting.
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Figure 2: 2-d element maps from nXRF measure-
ments of Ti-Ka. and V-Ka at 0° orientation.
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Figure 3: A single frame from the 3-d nXRF map of the

graphite grain. This map will be overlaid on the tomog-
raphy movie and presented at the conference.
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