
Meteorite Size/Density 

Fraction

Grain Type Size Range 

(μm)

Mean Size 

(μm)

Number 

of Grains

Reference

Indarch IH6 SiC 0.25–0.45 … 13 13

Murchison KJB SiC 0.1–0.2 … 7 9

Murchison KJE SiC 0.5–0.8 … 11 7

Murchison LS SiC 2–10 3.7 4 11,12

Murchison LU SiC > 10 11.6 4 11,12

Qingzhen QZR4 SiC 0.4–0.8 0.6 6 14,15

Qingzhen QZR5 SiC 0.8–2 1.4 4 14,15

Murchison KJE Si3N4
0.5–0.8 … 1 7

Qingzhen QZR4 Si3N4
0.8–2 … 2 14,15

Murchison KFA1 LD Graphite > 1

3.3 (4 

grains) 6 8,10

Murchison KFB1 HD Graphite > 3 … 2 10

Orgueil OR1d LD Graphite > 1 4.4 31 4,5,6

Orgueil OR1f HD Graphite > 1 3.0 1 4,6
Total 92
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Mg-Al Isochrons in Presolar Grains:
26Al/27Al Ratios are Higher than Previously Estimated

Methods:

Introduction: Results: 26Al/27Al Ratios

Conclusions:

Results: Al contamination

Radioisotopes have played an important role for astrophysics,

cosmochemistry, and geochemistry [1], having provided evidence for

stellar nucleosynthesis and served as chronometers for dating of

geological and biological objects. The initial presence of short-lived

radioisotopes in the early Solar System and in presolar stardust grains has

been inferred from their daughter products.

The first direct evidence for the initial presence of a radioisotope in

presolar grains was obtained for 26Al in SiC in the form of large 26Mg

excesses [2]. Zinner & Jadhav [3] constructed isochron-like correlation

plots for the Al-Mg, Ca-K, and Ti-Ca systems from depth profiles of

presolar graphite grains from the Orgueil (CI1) carbonaceous chondrite.

Many of these isochrons show near-perfect correlations among

δ26Mg/24Mg and 27Al/24Mg, δ41K/39K and 40Ca/39K, and 44Ca/40Ca and

δ48Ti/40Ca, indicating the retention of radiogenic 26Mg, 41K, and 44Ca from

the decays of 26Al, 41Ca, and 44Ti, respectively. These are not true

isochrons as they do not contain temporal information, however they

resemble true isochrons. We focus on the Al-Mg system for its simplicity

regarding contamination as there is only one stable isotope of Al.
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Isochrons were derived from depth profiles of samples whose data were

published in previous studies (see table). More than 450 presolar grain

depth profiles were processed yielding 92 grains with well-correlated

δ26Mg/24Mg and 27Al/24Mg values.

NanoSIMS depth profiles were obtained using

an O- primary beam to measure the positive

secondary ions of 24,25,26Mg+, 27Al+, and either
12C+, 28Si+, or 40Ca+ [4–15]. Following [3],

isochrons were generated by dividing NanoSIMS

depth profiles into 5-cycle bins, with the bin

averages of δ26Mg/24Mg and 27Al/24Mg calculated

and plotted on an isochron plot. Error bars indicate

the standard error of the mean δ26Mg/24Mg and
27Al/24Mg values in each bin. Isochrons were fitted

with Orthogonal Distance Regression (ODR), a

total least-squares regression technique that

includes both x- and y-error weighting [16], as the

δ26Mg/24Mg and 27Al/24Mg errors are correlated.

The distributions of initial 26Al/27Al ratios are similar for

presolar graphite and SiC grains for values derived from either

isochron slopes or from conventional whole-grain

measurements. The inferred initial 26Al/27Al ratios derived

from isochron slopes are larger than those derived from

whole-grain measurements by an average factor of 2.45 ±

0.11. Linear regressions of the SiC and graphite grain

populations separately yield factors of 2.52 ± 0.16 and 2.30 ±

0.11, respectively.

The majority of isochrons have negative δ26Mg/24Mg intercepts, often less than minus 1000 ‰ due to Al

contamination, making it impossible to infer the initial 26Mg/24Mg ratio of the samples. The conventional whole-

grain method for inferring initial 26Al/27Al ratios, by essentially calculating the slope of the line between the

average δ26Mg/24Mg and 27Al/24Mg values and the origin, underestimates the isochron-derived 26Al/27Al ratios

by a factor of 2.5. Many presolar grains from SNe have 26Al/27Al ratios that far exceed the ratios predicted in the

He/C and He/N zones; the Ni/Fe zone is unlikely to contribute enough Al to affect the grains’ 26Al/27Al ratios.

The majority of isochrons have negative

δ26Mg/24Mg intercepts, often less than minus 1000

‰. The vast majority of grains have minimal

scatter about their isochrons, so these may be

explained by constant Al contamination on the

grains’ surfaces (Appendix of [3]), likely from

acid etching during the host rock acid dissolution.
We estimated the quantity of Al contamination by solving for the

horizontal shift required for the isochron to intercept the origin relative

to the error-weighted mean 27Al/24Mg values. The resulting

distribution of fractional Al contamination is not obviously different

for graphite and SiC grains. The total contamination distribution

matches a sample drawn from a continuous uniform distribution with

bounds at 0% and 65%. A linear fit to the cumulative distribution with

a slope of 1.54 corresponds to

an uniform distribution with an upper

bound at 0.649.

SN Models [17]: The He/N zone was previously assumed to be the source of high inferred initial 26Al/27Al ratios

in SN grains, although 25 of the 92 presolar grains have initial 26Al/27Al ratios inferred from their isochron

slopes greater than the range of 26Al/27Al ratios in the He/N (26Al/27Al < 0.34) and He/C (26Al/27Al < 0.16) zones,

with 6 grains having 26Al/27Al ratios > 1. Only the Ni/Fe zone in these models can reproduce the 26Al/27Al ratios

in these grains, however, the Al abundance in this zone is low, likely contributing little to the 26Al/27Al ratios.

(PGD) Presolar

Grain Database


