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Introduction: Hibonite is thought to be one of the 

earliest solids in the solar system, occurring as either a 
condensate or refractory residue, therefore the Mg 
isotope compositions of hibonite grains can help eluci-
date the initial abundance and distribution of 26Al in 
the early solar system. Previous investigations [1-6] of 
CM hibonite grains have demonstrated that hibonite 
shows a bimodal pattern of 26Al abundances, correlat-
ing with their morphology and mineralogy, with two 
peaks corresponding to 26Al/27Al ~4.5×10–5 and 0. In 
addition, “canonical” levels of 26Al in some hibonite 
samples are found to correlate with 41Ca, whereas 
samples apparently lacking 26Al also formed without 
41Ca [6–8]. The latter observation has led to a hypothe-
sis of a “late” injection of supernova debris [7] which, 
however, is based on the long-held view of a “canoni-
cal” 26Al/27Al abundance (~4.5×10–5) as representing 
the solar system initial value. This assumption has 
been challenged recently by new high-precision data 
on large CV CAIs [9–11], in which higher initial ratios 
(up to 7×10–5) are suggested. From this view, 26Al/27Al 
values ~4.5×10–5 would only reflect isotopic closure in 
hibonite ~100,000 to 300,000 years after the first CAIs 
in the solar system were formed. Liu and McKeegan 
[12] compiled all literature Mg isotope data on hi-
bonite and noticed a range of inferred initial 26Al/27Al 
ratios, albeit with relatively large uncertainties, be-
tween the “canonical” value and higher ones suggested 
by [9–11]. This scatter might be attributed to one or 
more of 4 factors: (1) analytical uncertainties conceal-
ing a single initial value of 26Al in all hibonite grains; 
(2) a protracted formation time of hibonite leading to a 
real spread in 26Al/27Al ratios; (3) isotopic closure ef-
fects in hibonite; (4) 26Al heterogeneity in the regions 
of the solar nebula where CM hibonite grains formed.  

We are engaged in a study to reevaluate 26Al abun-
dances in CM hibonite grains with higher precision, 
and to investigate correlations with other short-lived 
radionuclides with the goal of better understanding the 
origin and distribution of 26Al and its chronological 
significance for the early solar system. Some initial 
results are reported here.  

Sample and Analytical Techniques: Hibonite was 
extracted from two sources: 10 grams of Murchison 
whole rock from the UCLA meteorite collection and a 
Murchison acid residue previously prepared at the 
University of Chicago. The Murchison whole rock was 
crushed, sieved, and the non-magnetic fraction was 
separated by heavy liquids. Individual grains from 

the ρ>3.3 g/cm3 fraction were mounted on clean glass 
slides with a sugar solution and were examined un-
coated by energy dispersive X-ray mapping in an SEM 
under variable pressure mode to identify grains with 
high Al and Ca abundances. This helped us distinguish 
hibonite from other abundant phases, such as olivine, 
spinel and corundum. The Chicago acid residue was 
examined under an optical microscope to pick out sky-
blue grains. All potential hibonite candidates were 
removed from the glass slides, mounted in epoxy and 
lightly polished for further identification on SEM. Six 
platy hibonite crystals (PLACs) and fifteen spinel-
hibonite spherules (SHIBs) were found in this manner. 

Mg isotope abundances were measured on the 
UCLA CAMECA IMS-1270 ion probe under two dif-
ferent analytical conditions (depending on sample size 
and Mg concentration). The intensity of 22.5 keV oxy-
gen (16O–) primary beam in the monocollection mode 
varied from 0.2 nA to 0.7 nA (spot size ~10 µm), de-
pending on the Mg abundance in hibonite, to keep 
24Mg ~ 2×105 counts per second; whereas in the multi-
collection mode, the primary beam intensity ranged 
from ~15 to 20 nA (spot size ~30 µm) to provide high 
enough secondary ion intensities for measurements by 
Faraday cups. In each case, mass resolving power was 
set at ~4200, which is sufficient to separate all molecu-
lar ion interferences. Madagascar hibonite was used as 
a standard for correcting the instrumental mass frac-
tionation and for determining the Al/Mg relative sensi-
tivity factor (RSF). An exponential mass fractionation 
law with exponent = 0.514 was assumed. 

Results: As with most hibonite grains measured 
previously [2,3], spinel-hibonite spherules (SHIBs) 
show well-resolved ∆26Mg* values whereas platy hi-
bonite crystals (PLACs) do not (Fig. 1). Mg mass frac-
tionation is fairly minor and mostly favors the lighter 
isotopes, with δ25Mg ranging from ~ –7‰/amu to 
+1‰/amu, relative to Madagascar hibonite (assumed 
to be close to 0‰ on the DSM3 scale). A line re-
gressed through all our monocollection data that show 
26Mg excess yields a slope equivalent to 26Al/27Al 
=5.25×10–5 with a scatter commensurate with analyti-
cal errors (χ2=1.1), but with a negative intercept  –
1.24‰ (Fig. 2). Addition of the higher precision multi-
collection data on 6 SHIBs into the fit lowers the 
26Al/27Al to ~4×10–5 with a zero intercept, but with 
appreciable scatter (χ2=5.3). A free fit through all lit-
erature data and our new monocollection data results 
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in 26Al/27Al =4.74×10–5 (χ2=2.3) with an intercept 
0.36‰ (Fig. 3). 

An apparent deficit of 26Mg by 4‰ was discovered 
in one platy hibonite crystal, for which there is no de-
tectable intrinsic mass fractionation. The data were 
confirmed in both measurement modes and corrobo-
rate similar results previously found by Ireland [3].  

Discussion: 26Al abundances in hibonite grains are 
either close to “canonical” or zero, as previously sug-
gested [1–8]. Comparing this result with recent data 
for CV CAIs [9–11], a chronological interpretation 
would be that the “canonical” value found in hibonite 
reflects isotopic closure several hundred thousand 
years after CV CAI formation. So far, this interpreta-
tion is not supported by other chronometers, or by 
studies of chemical or mineralogical compositions that 
would suggest late secondary alteration that was able 
to affect the Al-Mg systematics in hibonite [1–5]. De-
finitive Mg diffusion measurements have not yet been 
done, however. Another plausible interpretation is to 
appeal to a heterogeneous distribution of 26Al in the 
solar system, evidence for which is already provided 
by the PLAC grains that are devoid of 26Al. 

The origin of the 4‰ deficit in 26Mg is still unclear. 
Clayton [13] used galactic chemical evolution models 
to calculate that average interstellar Mg could have a 
~1.9‰ deficit in ∆26Mg* . Clues may be provided by 
other isotopic analyses of hibonite grains bearing this 
type of Mg isotope anomaly.  
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Fig. 1 Al-Mg evolution diagram for Murchison hi-
bonite grains. ∆26Mg* is calculated according to an 
assumed mass fractionation factor 0.514, but this 
choice has little effect on the data since the grains are 
not highly mass fractionated. Blue symbols represent 
measurements in the monocollection mode and pink 
ones indicate multicollection analyses. All errors are 
1σ.  

Fig. 2 The best fit through hibonite grains which 
showed radiogenic 26Mg excess yields 26Al/27Al 
=5.25×10–5 with a negative intercept of –1.24‰. All 
data were measured in the monocollection mode.  
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Fig. 3 The best fit through literature data [1-5] 
and the same set of data shown in Fig. 2 results in an 
initial 26Al/27Al = 4.74×10–5 with an intercept of 0.36. 
Open squares indicate the literature data. 
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