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Introduction:  Previous studies of presolar SiC 

grains have used a variety of techniques to analyze the 
chemical and isotopic composition of grains (1).  More 
recent work has been undertaken using TEM slices to 
study internal chemical variations with extremely high 
spatial resolution (2).  However, the production of a  
TEM slice destroys the remainder of the grain.  To try 
and gain a fuller picture of the 3-dimensional distribu-
tion of major and trace elements within micron-sized 
SiC grains, we have been developing careful and sys-
tematic depth profiling using ion beam sputtering cou-
pled with Time-of-Flight Secondary Ion Mass Spec-
trometry (TOFSIMS) to analyze elemental and isotopic 
compositions with a depth resolution of a few 10s of 
nm.  Data is acquired in a large number of 2-
dimensional slices which can later be reconstructed 
into the 3-dimensional shape. 

Sample:  For this study, 4 KJG SiC-grains ex-
tracted from the Murchison meteorite (3) were ana-
lyzed.  We also hope to report similar detailed depth 
profiles for gently separated SiC grains (4) 

Analytical Techniques:  We used a time-of-flight  
secondary ion mass spectrometer (5,6) to obtain high 
spatial resolution and high lateral resolution analyses. 
The primary ion beam was finely focused and rastered 
over the sample surface to acquire a complete mass 
spectrum in every pixel of the image.   

Comprehensive and systematic analyses of indi-
vidual grains were laborious to obtain.  The procedure 
followed was to image a gold sheet with presolar SiC 
grains spread upon it and obtain high resolution ESEM 
images of some individual grains, using EDX analysis 
to confirm their chemical composition as SiC.  The 
grains were then transferred to the TOFSIMS instru-
ment where the same grains were located with minimal 
ion beam imaging to keep sputtering of surfaces low.   

 Depth profiling was achieved by sputtering the 
grain for a short, controlled time with a dc ion beam, 
typically removing 10-30nm of material (selectable by 
adjusting the time the dc ion beam sputtered the grain) 
and then using a pulsed beam to acquire mass spectra 
of the remaining grain for periods of up to several 
hours to assure good counting statistics for low abun-
dance trace elements.  After a significant fraction of 
the grain had been sputtered, the sample was removed 
from the TOFSIMS and the grain re-imaged using the 
ESEM.  The whole process was repeated until the 
grain was completely destroyed.  Analysis of a single 
grain could therefore take days of data acquisition. 

To boost sensitivity when analyzing trace elements 
in such small samples, we used a technique called 
‘pulsed extraction’.  In this technique, a long primary 
ion pulse (up to several 10s ns) is fired at the sample 
whilst the sample is ground potential.  As the secon-
dary ions leave the sample, those formed from the start 
of the primary ion pulse have traveled further from the 
surface than those formed later by the primary ion 
pulse.  At an appropriate instant, the sample potential 
is switched on, so that the ions leaving the surface find 
themselves in an accelerating electric field.  Those 
formed earlier however are accelerated less than those 
formed later.  Suitable choice of accelerating field and 
careful choice of electric fields in a two-stage reflec-
tron brings the later formed ions to a time focus at the 
detector with the earlier formed ions.  High mass reso-
lutions of up to 3000 (FWHM) can be obtained in this 
way despite using relatively long primary ion beam 
pulses to boost sensitivity.  The drawback of this tech-
nique was that high mass resolution could only be 
achieved over a limited mass range, approximately 20-
40 when the mass resolution was optimized for silicon. 

Limitations of the technique:  As the grains were 
irregular 3-dimensional shapes with the primary ion 
beam sputtering them from an angle of 40o to the nor-
mal, then there are a number of sputtering and geomet-
rical factors that we need to consider in order to under-
stand the limitations of the technique.  In previous 
work (7) we have shown that presolar SiC grains have 
enrichments of some elements close to the surface.  
The spatial resolution of the beam is usually around 
300nm, so if a 1-2µm grain has a rim 100-200nm thick 
enriched in certain elements by an order of magnitude 
or more compared with the core of the grain, then even 
a few % of the beam current outside the nominal focus 
will sputter material from this more enriched area but 
be recorded as coming from the centre of the grain.  
This places an upper limit on our ability to measure 
element abundances from the cores of grains. 

The primary ion beam impacts the grain at different 
angles at different places on its surface giving rise to 
different flux densities per unit surface area of the 
grain.  Further, the sputtering efficiency varies with 
angle of incidence. Modelling this with a real focused 
beam is complex but a simple geometrical model indi-
cates a lower limit on measurements for element abun-
dances in the core of the grain of ~10-2 of the rim 
abundance if that element is much more abundant in 
the rim of the grain than the core.  Clearly it is impor-
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tant to carefully account for these effects to obtain 
accurate abundance data as a function of depth within 
the grain. 

Further complicating factors are preferential sput-
tering of some areas of the grain, perhaps with crystal 
orientation or chemically heterogeneous inclusions and 
preferential sputtering of the gold sheet surrounding 
the grain.  The complexity of these effects can be illus-
trated by images of SiC grains.  (Figures 1-6) 

Elemental Depth Profiles:  Detailed results of ac-
quired elemental depth profiles from depth profiling 
KJG grains are given in a companion abstract (8). 

 

 

Figure 1  ESEM image of a gently separated SiC grain 
[4] before sputtering 

 
Figure 2. ESEM image of the same grain after sputtering 
revealing complex internal composition of multiple small 
grains 

 
Figure 3. ESEM image of a gently separated SiC grain 
after only minimal sputtering. 

 
Figure 4. ESEM image of SiC grain, from figure 3 
after depth profiling showing complex preferential 
sputtering. 

 
Figure 5.  ESEM image of a KJG grain showing the 
grain with minimal sputtering with two neighboring 
(non-SiC) grains 

 
Figure 6. ESEM image of grain from figure 5 after its 
almost complete destruction.  The remaining remnant 
of the grain is sitting upon a narrow pedestal of gold 
considerably above the surface of the sputtered gold 
surround. 
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