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Introduction: High-precision Al-Mg isotope 

measurements for chondrules are limited [1-11], with 
the majority performed by secondary ionization mass-
spectrometry (SIMS) [1-9]. In these cases, phases with 
high (>20) Al/Mg ratio (plagioclase and/or glassy 
mesostasis) are typically analyzed to construct 
isochrons. The results consistently show that the chon-
drules formed >1 Ma after CAIs [e.g., 9]. We have 
attempted to test these results using higher precision 
multicollector inductively coupled mass spectrometer 
(MC-ICPMS) with material drilled out of the chon-
drules. Material derived from holes ~500 µm in  di-
ameter was collected as representative of the “bulk 
chondrule”. Chondrule regions with high and low 
Al/Mg ratios (as defined by X-ray elemental mapping 
technique using electron microprobe) were sampled 
using smaller drill bits (200 µm) with hopes of gener-
ating internal Al-Mg isochrons.  

Results: Fourteen chondrules from the CV/CR-
like carbonaceous chondrite SAH 00182 and CV car-
bonaceous chondrite NWA 779 were sampled and 
analysed. Only 4 out of 14 chondrules had high 
enough bulk 27Al/24Mg ratios to determine a suffi-
ciently precise model age, three of these chondrules 
showed δ26Mg excess (δ26Mg*) > 0.3‰; no 26Mg* was 
detected in the  fourth chondrule. The bulk analyses of 
the remaining 10 chondrules had 27Al/24Mg ratios < 
0.5, two had small resolvable 26Mg* of 26 ± 9ppm and 
54 ± 29ppm, but in the rest of the chondrules, no re-
solvable excesses were detected. Model isochrons us-
ing the bulk analyses of the three chondrules with the 
highest 26Mg* yield initial 26Al/27Al ratios 
[(26Al/27Al)0] ranging from (4.2±0.3) x 10-5 to 
(2.7±0.1) x 10-5 corresponding to model ages from 
0.24 to 0.71 Ma after formation of CAIs with the in-
ferred (26Al/27Al)0 of (5.85±0.05) x 10-5 [12] (hereafter 
T0) when forced through the solar 27Al/24Mg ratio of 
0.101 [13].  

Analyses of material using the smaller drill bit 
were made from two of the Al-rich chondrules (SAH 
00182-A3 and NWA 779-A3) and internal isochrons 
were generated. The chondrule SAH 00182-A3 
yielded (26Al/27Al)0 of (1.07±0.15) x 10-5 (MSWD = 
1.3), corresponding to 1.79 Ma after T0 and a δ26Mg* 
initial value of 0.236±0.013‰. The “bulk analysis” for 
this chondrule plots on the isochron. 

The chondrule NWA 779-A3 yielded (26Al/27Al)0 
of (3.13±0.46) x 10-5 corresponding to 0.66 Ma after 
T0 and a δ26Mg* initial value of 0.137±0.016‰ 
(MSWD = 1.2). The “bulk analysis” for this chondrule 
falls slightly below the isochron defined by the mate-
rial from the smaller drill holes.  

Elemental maps of the third chondrule yielding a 
bulk 26Mg* of 547 ± 24ppm, SAH 00182-B5, had a 
very homogeneous elemental distribution such that a 
spread in Al/Mg ratio would be difficult to obtain by 
microdrilling. Instead, four different plagioclase grains 
from this chondrule were analysed by the cameca ims-
1280 at University of Hawai‘i. The measured 
27Al/24Mg ratios  in plagioclase range from 154 to 
15,085 but none of the analyses showed any resolvable 
26Mg*. Two plagioclase grains from chondrule 
SAH00182-A3 were also analysed by SIMS. Their 
27Al/24Mg ratios varied from 89 to 123 but none of 
these analyses showed any resolvable  26Mg*. 

Discussion: Model ages of three chondrules from 
NWA 779 and SAH 00182 range from 0.24 to 0.71 
Ma after T0. This age range overlaps the model ages of 
the Allende chondrules reported by Bizzarro et al. [11] 
and, taken at face value, indicates that the chondrule 
precursor materials formed early. The validity of these 
bulk model ages depends on the assumptions that (i) 
the sample is representative of the bulk chondrule, (ii) 
the source of the precursor material had a bulk solar 
system Al/Mg ratio, and (iii) the precursor/chondrule 
acted as closed system during subsequent remelting 
and thermal metamorphism.  

Two internal isochrons have been generated for 
chondrules from NWA 779 and SAH 00182 corre-
sponding to ages of 0.66 Ma and 1.79 Ma, respec-
tively. Both isochrons have positive intercepts. These 
ages must reflect timing of the last melting and crystal-
lization of the chondrules. The ages require that re-
processing ceased for some chondrules as early as 0.66 
Ma after T0, whereas other chondrules were formed or 
reprocessed as late as 1.79 Ma after T0. The younger 
age agrees well with the many ages derived by SIMS 
analyses [1-9]. However, it is clear from the older age 
and an even older internal Al/Mg isochron age of 0.25 
Ma by Bizzarro et al. [11] that some chondrules were 
formed and that reprocessing ceased very early.  

An explanation for at least some of the very young 
chondrule ages derived by SIMS analyses may lie in 
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the analyses of plagioclase in this study. Contrary to 
what we expected, SIMS data of the plagioclase grains 
from two chondrules with unambiguous 26Mg* in the 
MC-ICPMS bulk analyses showed no 26Mg*. The in-
ternal isochron obtained by drilling for chondrule 
SAH00182-A3 predicts that the plagioclases, yielding 
27Al/24Mg ratios of 89-123 should have an δ26Mg* of 
~7-10‰, which should be easily resolvable by SIMS 
analyses, even with the large uncertainties. Instead, 
δ26Mg “excess/deficits” of (–1.6 to 0.4) ± 4‰ were 
measured. Chondrule SAH00182-B5 yielded the high-
est bulk 26Mg* of 547 ± 23  ppm yet no resolvable 
26Mg* was detected in any of these plagioclase grains. 
This data requires that either the original Al/Mg ratio 
was very low (<50) making the 26Mg* correspondingly 
low and undetectable within the uncertainly, or 26Mg* 
has diffused out of plagioclase.  

It has been previously proposed that short scale 
diffusion of Mg takes place in plagioclase, during as-
teroidal metamorphism [14]. Short scale diffusion 
would result in some areas in the plagioclase with high 
concentration of Mg and other areas with low concen-
tration of Mg. This chemical diffusion would account 
for the Al/Mg ratio being driven from normal ratios of 
100-300 in plagioclase to ratios >1000, However, if 
purely chemical diffusion were taking place, the re-
maining Mg would retain the original 26Mg*. Assum-
ing that original Al/Mg ratios were > 70 and seeing no 
excess, we propose that 26Mg* may have preferentially 
diffused relative to bulk Mg. This may be due to 
26Mg* being the decay product of 26Al such that it re-
sides in the Al site where it is less stable than the bulk 
Mg. Therefore, metamorphism or other alteration 
processes may cause 26Mg* to diffuse out of the Al-
site of the plagioclase resulting in a preferential loss of 
26Mg* over non-radiogenic Mg. Regardless of whether 
the 26Mg* in plagioclase is lower than predicted (by 
the MC-ICPMS analyses) due to elevated Al/Mg ratios 
and/or preferential loss of 26Mg*, the data clearly sug-
gests that in situ analyses may not provide accurate 
26Al-26Mg ages in metamorphosed samples.  

If diffusional length scales are short enough, lar-
ger volumes of drilled samples may, on average, return 
isotopic and elemental analyses representative of the 
pre-diffusional state. Clearly, if 26Mg* diffuses out of 
the chondrule, then drilled samples will not contain the 
full inventory of the original 26Mg*, and will also yield 
incorrect ages. 
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