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Introduction: The 26Al-26Mg system (t1/2 =
0.72 Myr) can potentially be used to constrain the
chronology of the early Solar System. In fact, 26Al-
26Mg systematics of calcium-aluminum-rich inclu-
sions (CAIs) have been extensively utilized (e.g., [1-
4]), in conjunction with high-precision Pb-Pb dat-
ing [5-8], to infer the age of the Solar System. As-
suming a homogeneous distribution of 26Al in the
early Solar System, and an initial 26Al/27Al abun-
dance of ∼ 5 x 10−5, previous investigations of
the 26Al-26Mg systematics in chondrules from un-
equilibrated chondrites have suggested that chon-
drule formation occurred 1-2 Myr after formation
of CAIs, over a time span of 1-3 Myr (e.g., [9-14]).
Most of these previous investigations have utilized
secondary ion mass spectrometry (SIMS) for in situ

analyses of Mg isotopes. Our goal in this study
was to apply another high precision in situ tech-
nique for the measurement of Al-Mg isotope sys-
tematics in chondrules, i.e., laser ablation multicol-
lector inductively coupled plasma mass spectrome-
try (LA-MC-ICPMS), towards addressing the ques-
tion of the timing and duration of chondrule forma-
tion. Therefore, we report here initial results from
LA-MC-ICPMS analyses of Mg isotopes in selected
chondrules in the CV3 chondrite Allende and the
unequilibrated ordinary chondrite Semarkona.

Analytical Methods: Polished thick sections
of Allende and Semarkona were characterized at
Arizona State University (ASU), using a JEOL JSM-
IC845 scanning electron microscope (SEM). Mag-
nesium isotopes were measured in situ using a Pho-
ton Machines Analyte 193 excimer laser ablation
system coupled to a ThermoFinnigan Neptune MC-
ICPMS. Spot diameters of 37 to 46 µm were used,
and the laser was run at 30-40% relative power
(equivalent to an energy density of ∼ 2.8 to 3.7
J/cm2) and with a repetition rate of 4 Hz. Typi-
cal ion beam currents for 24Mg ranged from 0.25 to
5 x 10−11 A. Measurements were conducted using
“moist plasma”, in which the argon makeup gas car-
ried water vapor at a flow rate of ∼ 20 µL/min (in-
troduced via an APEX sample introduction system
without desolvation module), to prevent the forma-
tion of doubly-charged 48Ca [15], which can cause
an isobaric interference on 24Mg. Blank measure-
ments were performed at regular intervals during
each analytical session (typically twice per session)

and all isotopic data are blank-corrected. All three
of the isotopes of Mg as well as 27Al were measured

Figure 1: BSE image of the Allende A24 chondrule. Positions of the laser
ablation spots (each ∼ 37 µm in diameter) are shown as white circles.

Figure 2: Combined X-ray elemental map of the Allende A24 chondrule,
with Mg shown in red, Ca in green, and Al in blue. Positions of the laser
ablation spots (each ∼ 37 µm in diameter) are shown as white circles.

simultaneously on Faraday collectors. Each mea-
surement consisted of 40 integrations of 4.2 s each.
The analyses were performed in medium resolution
mode, with the measurement of the 26Mg beam in-
tensity at approximately 0.05 amu on the high mass
side of the center of the peak flat for the 26Mg
peak, so as to avoid a potential isobaric interfer-
ence from 12C14N+. Instrumental mass fractiona-
tion was corrected by sample-standard bracketing,
using isotopically well-characterized synthetic CaO-
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MgO-Al2O3-SiO2 glasses as standards [16,17].

Figure 3: 26Al-26Mg systematics in the Allende chondrules A1, A3, and
A24. The line is the regression through all data points, and corresponds

to an initial 26Al/27Al = 7.4 x 10−6±1.6 x 10−6 (MSWD = 0.78). Error
bars indicate the 2SE uncertainties for the LA-MC-ICPMS spot analyses.

Table 1: Al-Mg isotope data for selected chondrules from

the Allende and Semarkona chondrites.

Chondrule 27Al/24Mg initial 26Al/27Al

Allende:

A1 0.01 − 2.43 ≤ 2.7 x 10−5

A3 0.29 − 2.91 1.7± 1.3 x 10−5

A24 0.28− 83.31 7.3± 1.6 x 10−6

Semarkona:

S2 0.32− 16.82 ≤ 1.8 x 10−5

S13 0.15− 10.07 2.0± 1.5 x 10−5

S17 0.41 − 1.64 ≤ 1.4 x 10−5

S23 0.16 − 1.35 ≤ 2.1 x 10−5

S24 0.28 − 0.92 ≤ 2.9 x 10−5

S28 0.16 − 4.76 1.7± 1.3 x 10−5

Results and Discussion: Analyses were per-
formed on the areas of glassy mesostasis in three
chondrules from Allende and six chondrules from
Semarkona. As an example, Figs. 1 and 2 show
a BSE image and an elemental map, respectively,
for one of the chondrules from Allende (A24) in
which such areas were identified and analyzed (lo-
cations of the analysis spots are shown as the white
circles in these figures). In plots of 27Al/24Mg ver-
sus ∆26Mg* (i.e., the normalized 26Mg/24Mg ra-
tio for the sample relative to the terrestrial stan-
dard in parts per mil), data for four of the nine
chondrules analyzed here (chondrules A3 and A24
from Allende and S13 and S28 from Semarkona)
yield regressions that have slopes that are resolv-
ably positive beyond analytical (2SE) uncertainties,
whereas only upper limits on the initial 26Al/27Al
ratio can be estimated for the rest (Table 1). If the
data for all three Allende chondrules are plotted to-
gether (Fig. 3), they define a slope corresponding

to an initial 26Al/27Al ratio of 7.4 ± 1.6 x 10−6.
Similarly, if the data for all six Semarkona chon-
drules are plotted together (Fig. 4), they define a
slope corresponding to an initial 26Al/27Al ratio of
1.0±0.6 x 10−5. Assuming a canonical initial Solar
System 26Al/27Al ratio of∼ 5 x 10−5, these Allende
and Semarkona chondrules formed 2.0 (+0.3, -0.2)
Ma and 1.7 (+1.0, -0.5) Ma after CAIs, respectively.
This suggests that these Allende and Semarkona
chondrules began forming no earlier than ∼ 1 Ma
and no later than ∼ 3 Ma following CAIs, which
is broadly consistent with results from previous Al-
Mg investigations of chondrules (e.g., [9-14]).

Figure 4: 26Al-26Mg systematics in the Semarkona chondrules S2, S13,
S17, S23, S24, and S28. The line is the regression through all data points,

and corresponds to an initial 26Al/27Al = 1.0 x 10−5 ± 0.6 x 10−5

(MSWD = 0.83). Error bars indicate the 2SE uncertainties for the LA-
MC-ICPMS spot analyses.
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