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Introduction: In a previous study of high-density 
(HD; OR1f - 2.02 − 2.04 g cm-3) graphite grains from 
Orgueil [1], we found extremely anomalous Ca and Ti 
ratios in some grains with 12C/13C ratios < 20. The Ca 
and Ti anomalies in these graphites match predicted 
pure He-shell nucleosynthesis values in low mass as-
ymptotic giant branch (AGB) stars. However, the very 
low 12C/13C ratios of the grains, indicative of H-
burning, disagree with the almost pure 12C predicted 
for the He intershell, and with predictions of envelope 
abundances from baseline AGB models. The study 
concluded that born-again AGB stars or post-AGB 
stars that have suffered a very late thermal pulse 
(VLTP) are likely sources of such graphite grains. 
Post-AGB stars that undergo a very late He flash may 
simultaneously exhibit typical He shell abundances for 
several species, low 12C/13C ratios, and signatures of 
neutron capture processes. At this stage in its evolu-
tion, such a star has lost most of its envelope and has 
only a thin residual H layer left. During the VLTP, the 
He intershell becomes convective and the residual H 
on the surface is ingested and burns in hot 12C-rich 
layers. This reduces the 12C/13C ratio as 12C is convert-
ed to 13C via 12C(p,)13N(+)13C. After H ingestion 
begins, it takes a few hours to a day before the energy 
produced by H-burning splits the He intershell into two 
regions [2]. At the same time, 13C burns via the 
13C(,n)16O reaction deep at the bottom of the He in-
tershell, where neutron densities reach ~ 1015 n cm-3, 
typical of the i-process [3]. Under these conditions, the 
abundances in the He intershell from the previous 
AGB phase are eventually modified. 

In order to verify the hypothesis that 13C-enriched 
graphite grains with extreme Ca and Ti anomalies orig-
inate from post-AGB stars, we present here a compari-
son of grain data and VLTP nucleosynthesis model 
calculations from [2].  

Methods:  We compare previously obtained C, N, 
Ca, and Ti isotopic data for Orgueil HD (OR1f) pre-
solar graphite grains with VLTP model predictions. 
Experimental details of the measurements and isotopic 
characteristics of the grains from mounts OR1f2m and 
3m are discussed in detail in [1] and [4], respectively. 

Calculations by Herwig et al. [2] aimed to repro-
duce the elemental abundances observed in the born-
again AGB star, Sakurai’s object (V4334 Sagittarii) [5, 

6]. In their models, a few hours after H ingestion into 
hotter layers of the He-shell flash-convection zone has 
started, the energy generated by H-burning forms a 
radiative zone that splits the He intershell into a top H-
burning convection zone and a He-shell burning zone 
below. This separation of the He-intershell region al-
lows minimal mixing of material between the zones. 
The C, N, Ca, and Ti isotopic calculations presented 
here are from VLTP nucleosynthesis taking place in 
the He intershell region before and after the split. 

Discussion: We compare HD graphite grain data to 
the models in Figures 1-4 below. Each line in the plots 
represents the isotopic composition of different layers 
in the He-intershell at a given time after H ingestion 
has started. Carbon and N isotopic ratios from VLTP 
calculations in Figure 1 clearly show the splitting of 
the He intershell region into H- and He-burning zones. 
The upper H-burning zone in characterized by low 
12C/13C and high 14N/15N ratios, while the deeper He-
flash driven zone has high 12C/13C and low 14N/15N 
ratios. Theoretical 12C/13C ratios span the entire range 
observed in all HD graphites. Unfortunately, HD 
graphites have terrestrial 14N/15N ratios that indicate 
equilibration with terrestrial N and are, therefore, not 
indicative of the 14N/15N ratios that the grains inherited 
from their stellar source(s).  
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      The large neutron densities reached during H in-
gestion, due to 13C(,n) activation, allow the efficient 
production of neutron-rich species. Thus, the VLTP 
models agree fairly well with the large Ca and Ti 
anomalies observed in grains with low 12C/13C ratios. 
Figure 2 (a,b) compares Ca grain data with model pre-

Figure 1



dictions. As suggested in [1], the grains with the larg-
est Ca anomalies and 12C/13C ratios < 20 fit the model 
predictions reasonably well. Surprisingly, grains with 
12C/13C ratios > solar and moderate Ca anomalies also 
agree with VLTP calculations. As seen in Figure 1, 
after the VLTP event, parts of the He intershell can 
have 12C/13C ratios larger than the solar value. Thus, 
12C-enriched grains with moderate Ca anomalies that 
are still too high for AGB envelopes might also origi-
nate in post-AGB stars that have suffered a VLTP. 
Figure 3 compares the 12C/13C ratios and 42Ca values 
of HD graphite grains with those predicted by the 
models. The predicted extreme 42Ca values that agree 
with grain data are also 13C-enriched. This verifies the 
hypothesis that 13C-enriched graphites with extreme Ca 
and Ti anomalies can condense around born-again 
AGB stars [1].  
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Titanium-46 and 48Ti are efficiently destroyed dur-

ing VLTP nucleosynthesis. The 47,49Ti excesses are due 
to large contributions from the decay of 47,49Ca created 
during VLTP nucleosynthesis. The extreme Ti isotopic 
anomalies measured in graphites do not agree with 
pure 46,47,49Ti predictions. However, if 46,48Ca predic-
tions are included with the Ti isotopic predictions, then 

the grain data match theoretical values, indicating that 
the 46,48Ti values measured in graphite grains are due to 
the isobars 46,48Ca that we are unable to resolve during 
SIMS measurements. Figure 4 compares 47,49Ti values 
measured in grains to model predictions.  
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Conclusions: The Herwig et al. [2] VLTP nucleo-

synthesis models are able to fit moderate and extreme 
Ca and Ti anomalies measured in HD graphite grains. 
Grains with the most extreme Ca and Ti ratios are 13C-
enriched but the ones with moderate anomalies also 
have high 12C/13C ratios. The VLTP models fit both 
populations reasonably well. This confirms the hy-
pothesis proposed by [1] that some HD graphites orig-
inate in born-again AGB stars. Further investigations 
into grain formation and mixing conditions in such 
stellar objects are needed. 
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