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Introduction: Presolar grains contain evidence 

for the presence of short-lived radioisotopes at the time 
of their formation in stellar environments. 26Al [1], 
41Ca [2], and 44Ti [3] have been identified from huge 
excesses in the daughter isotopes (26Mg/24Mg up to 
>1000×solar, 41K/39K up to >50×solar, 44Ca/40Ca up to 
>100×solar) in presolar SiC and graphite grains. The 
fact that during ion microprobe isotopic analysis the 
primary ion beam removes sample material layer by 
layer allows us to obtain depth profiles of isotopic ra-
tios in presolar grains. If parent to daughter elemental 
ratios vary throughout such profiles we can construct 
“isochrone”-type correlation plots, although we em-
phasize that such plots do not have any temporal in-
formation but, instead, give us the initial radio-to-
stable isotopic ratios at the time of grain formation. We 
present and discuss some examples of the Al-Mg, Ca-
K, and Ti-Ca systems. 

Experimental: Depth profiles of Al-Mg, Ca-K, 
and Ti-Ca isotopes were obtained with the NanoSIMS 
for Orgueil carbon grains from the density fractions 
OR1d (1.75-1.92 g/cm3) and OR1f (2.02-2.04 g/cm3) 
[4, 5]. For these analyses a primary O– beam was 
rastered over the whole cross section of a given grain 
and positive secondary ions were detected. 

Results: Depth profiles of ion signals and “iso-
chrone” correlation plots are shown in the figures. For 
the latter we binned counts in 5 or 10 analysis cycles. 
The time in the profiles correspond to depth in the 
grains; the typical depth traversed in one of the profiles 
is ~ 1µm. In most of the Al-Mg plots, such as in Fig. 1, 
the Al signal is fairly constant and the variation in the 
27Al/24Mg ratio is the result of variation in the isotopi-
cally normal Mg, most likely contamination. What is 
inexplicable in Fig. 1b is the fairly large positive inter-
cept of 14,000 ‰. The intercept should be the isotopic 
ratio of normal Mg. The essentially perfect correlation 
in Fig. 1b and in other grains indicate that the initial 
26Al/27Al ratio is uniform throughout the grains and 
radiogenic 26Mg is quantitatively retained in the grains 
without any loss or redistribution. Some correlation 
lines are shifted to the right and intercept the x-axis at 
a positive 27Al/24Mg ratio while the data points main-
tain a perfect correlation. This shift can be explained 
by the addition of Al and isotopically normal Mg with 
a constant Al/Mg ratio. As long as the Al contamina-
tion is small compared to the intrinsic Al (originally 
with 26Al) the correlation is maintained and the slope 
of the line is the initial 26Al/27Al ratio of the intrinsic 
Al. An extreme case where the Al contamination is 
much larger than the intrinsic Al is shown in Fig. 2, 
where the data do not fall on a linear correlation line. 
While in most cases such as in Fig. 1 the 26Mg signal 
follows the 27Al signal, this is not the case in Fig. 2, 

 

 



indicating a large amount of Al contamination. To 
make sense of these data we assume a uniform 
26Al/27Al ratio and subtract the thus derived intrinsic 
27Al (27Al* in Fig. 2a) from the total 27Al signal to ob-
tain the contaminating 27Al (Alcont). By varying the 
assumed 26Al/27Al ratio we can achieve a fairly uni-
form Alcont/24Mg ratio throughout the grain; for a 
26Al/27Al ratio of 0.17 (see Fig. 2b). This indicates that 
most of the 24Mg signal is from isotopically normal 
contamination with Alcont/Mg = ~22 (Fig. 2a). 
The situation for the Ca-K system is similar to that of 
the Al-Mg system in that the 40Ca signal is constant 
throughout the grains and 39K (mostly contamination) 
varies, leading to a large range in 40Ca/39K ratio. 
41K/39K ratios throughout the grains are well correlated 
with 40Ca/39K ratios, indicating that radiogenic 41K is 
retained in the grains without redistribution. 
The Ti-Ca system differs from the others in that here 
the Ti, initially containing the radioisotope 44Ti, varies 
as the primary beam sputters away TiC subgrains, 
while 40Ca is fairly uniform (Fig. 3a). In several grains 
studied, 44Ca/40Ca ratios are well correlated with 
48Ti/40Ca ratios (Fig. 3b), indicating quantitative reten-
tion of radiogenic 44Ca. However, there are notable 
exceptions as shown in Fig. 4. In this grain, the data 
points do not show any good correlation (Fig. 4d). Al-
though 44Ca excesses are largest in regions with TiC 
subgrains (Fig. 4a and 4b; 44Canorm is the expected 44Ca 
signal if the 44Ca/40Ca ratio is normal), the inferred 
44Ti/48Ti ratios obtained by connecting the data points 
in Fig. 4d with the origin do not show any correlation 
(Fig. 4c). It is especially puzzling that the highest in- 

 

 
ferred 44Ti/48Ti ratios are found at the end of the profile 
beyond the last TiC subgrain, where the Ti concentra-
tion, and thus the 48Ti/40Ca ratio, is low, but where 
there is a substantial 44Ca excess. We cannot unambi-
guously determine whether 44Ca redistribution or het-
erogeneity of the initial 44Ti/48Ti ratio is the reason for 
this result. If it is the former, why is it not observed in 
other grains that show perfect correlations? Further-
more, why should this redistributed (diffused?) 44Ca, 
away from the last subgrain (spot A), be as high as 
right in a subgrain (spot B)? If it is isotopic heteroge-
neity, we have to conclude that the initial 44Ti/48Ti ratio 
was higher in some Ti-poor regions of the graphite 
grain than in individual TiC subgrains that were incor-
porated into the carbon grain during its growth. 
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