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Introduction: O-anomalous stardust or presolar 

grains in meteorites include those with very large 17O 

excesses (17O/16O > 4×10-3) and small to moderate 

depletions in 18O. These grains were classified as ex-

treme Group 1 grains and argued to condense in binary 

star systems [1−3], where the outer layers of the white 

dwarf (WD) accretes material from its companion, 

eventually exploding in a nova explosion. The previ-

ous models [4] that made the case for both CO and 

ONe novae being suitable sites [1−3] failed to explain 

the exact compositions of the extreme Group 1 grains 

but instead suggested a mixing between the nova ejecta 

and the surrounding medium.  

Here, we present the results from new CO and ONe 

nova simulations, as well as three Dimensional core-

collapse supernova (3D CCSN) models, and compare 

the isotope abundances to the extreme Group 1 grain 

data in the literature to constrain their origins. 

Models: The nova models were done using 

NOVA, which is a one-dimensional, state-of-the-art, 

Lagrangian hydrodynamic computer code [5]. We var-

ied the WD type, WD mass (0.6−1.35 M⊙) and the 

composition of the accreted material. Mixing with the 

core material after the thermonuclear runaway (TNR) 

is well underway is in better agreement with ejecta 

observations [6] and presolar SiC grain compositions 

[7]. In the simulations, two mixing scenarios were ex-

plored: either 25 % core WD material and 75 % Solar 

or 50 % core WD material and 50 % Solar. We also 

compare extreme Group 1 grain data to new nova 

models that include pollution of the WD envelope with 

material from the secondary during TNR driven by 

Kelvin-Helmholtz instabilities [8]. 

Additionally, we compared the extreme Group 1 

grain data to a 15 M⊙ (asymmetric) 3D CCSN model 

15A [9−10], which was initially generated using the 

one-dimensional stellar evolution code TYCHO [11] to 

bring the star to core collapse. After core bounce, the 

effects of the supernova shock were then mapped into 

the 3D smoothed particle hydrodynamics code SNSPH 

[12] and post-processed using the Burnf code [13] to 

obtain accurate isotope yields. We explored the post-

explosion data using MATLAB.  

Results and Discussion: To date, 15 O-anomalous 

grains with 17O/16O ratios > 4×10-3 have been identi-

fied [1−3, 14−20]. The largest 18O depletions observed 

in these grains are ~750 ‰. 

(a) CO and ONe nova models [6; This work]: The 

predictions from the new CO and ONe simulations 

show very large 17O excesses, much larger than ob-

served for extreme Group 1 grains (Figure 1). Both 

scenarios in ONe WD namely mixing while the TNR is 

underway (MDTNR) or mixing from the beginning 

(MFB) are equally probable (Figure 1).  Next, we con-

sidered mixing scenarios for all the WDs masses be-

tween 0.6−1.35 M⊙ (MDTNR simulations only). The 

1.15−1.35 M⊙ WD simulations can explain the 17O 

enrichments but not the 18O depletions. The 0.8 M⊙ 

and 1.0 M⊙ WD simulations can ideally explain the 

entire range of observed oxygen isotope compositions  

with variable amounts (5−80 %) of nova ejecta (pink 

and orange lines in Figure 1). 
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Figure 1: New nova and 15A CCSN models compared 

with extreme Group 1 grain compositions. 

 

The 0.8−1.0 M⊙ CO and ONe WD simulations 

were then compared to the silicon isotopic composi-

tions of 7 extreme Group 1 grains. The models can 

explain the 30Si excesses observed in the majority of 

the grains but not the terrestrial 29Si/28Si ratios (Figure 

2). The simulations have much larger 29Si depletions. 

No mixing models can explain the silicon grain com-

positions of the presolar silicate grains. 

Magnesium isotopes predicted by the same 0.8−1.0 

M⊙ CO and ONe models show very large 25,26Mg ex-

cesses, qualitatively accounting for the observations in 

the five extreme Group 1 grains (Figure 3). However, 

the enrichments are 4 orders of magnitude larger, simi-

lar to previous models [4]. The mixing calculations 

show that <<5% of the nova ejecta is required to ex-

plain the magnesium grain compositions. This observa-
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tion is completely incompatible to that observed for 

oxygen isotopes (5−80 % of nova ejecta).  

The only case that works reasonably well for ex-

treme Group 1 grains is the 0.6 M⊙ CO WD MDTNR 

simulations. It can explain the small enrichments (up to 

100 ‰) observed for 30Si (Figure 2) and up to 1000 ‰ 

enrichments observed for magnesium isotope composi-

tions (Figure 3). However, this simulation cannot ex-

plain the oxygen isotope compositions. It underpro-

duces both 17O and 18O compared to 16O. 17O produc-

tion by explosive proton burning is common in nova 

explosions but additional 18O production is required. 
18O is produced by helium-burning that would occur in 

He novae (e.g., V445 Pup that shows no hydrogen 

lines). Extreme Group 1 grains can potentially form in 

He novae but these binary systems need to be modeled. 

Alternatively, 18O production may occur in the second-

ary carbon star, which is subsequently accreted onto 

the WD and takes part in grain condensation.  
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Figure 2: New CO and ONe models compared with 

extreme Group 1 grain compositions. 
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Figure 3: New nova and 15A CCSN models compared 

with extreme Group 1 grain compositions. 

(b) CO and ONe nova models [8]: The oxygen isotop-

ic compositions predicted by the new CO and ONe 

models involving Kelvin-Helmholtz instabilities [8] 

are comparable to the ones observed in our models 

with 0.8−1.0 M⊙ mass WDs (Figures 1 & 3). The pre-

dicted silicon isotopes show much larger depletions in 
29Si and slight enrichments in 30Si, while the 25,26Mg 

excesses, although still large, are an order of magni-

tude lower than our models [6; This work]. Although 

none of the simulations are viable, a ONe model (1.25 

M⊙ mass WD without pre-enrichment from WD) can 

explain the compositions of the grain GR95_13_29 

(Figure 2).  Mixing 10%, 5% and <<5% material from 

the nova ejecta into the accreted material can explain 

the O, Si and Mg isotope compositions, and given the 

large uncertainties in these models, the mixing propor-

tion seems reasonable. 

(c) 3D core-collapse supernova models [This work]: 

The clumps in the ejecta of the 15A CCSN model are 

either 17O-rich with 18O depletions (Figure 1) or ex-

tremely 16O-rich due to alpha freezeout. The 17O-rich 

clumps lie in the same region of the three-oxygen iso-

tope space as nova ejecta (Figure 1). These 17O-rich 

clumps have extremely large 29,30Si excesses (average 

δ29Si ~6000 ‰; δ30Si ~30,000 ‰) and large 25,26Mg 

excesses (Figure 3) and therefore, mixing models can-

not explain the silicon isotope compositions of the ex-

treme Group 1 grains. In addition, the differences in 

the proportions required to explain the oxygen and 

magnesium isotope systems simultaneously are drastic. 

Thus, the 15A CCSN model is unsuccessful in explain-

ing the extreme Group 1 grain compositions. Compari-

sons to other 3D CCSN models will be presented. 
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