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Introduction: Recent analytical developments per-

mit the 26Al-26Mg systematics of early solar system ma-
terials to be studies with unprecedented precision [e.g., 
1–4]. Here, we explore the idea that not only can the 
timing of the last melting event be determined from the 
slope of the isochron, but the timing of the last signifi-
cant bulk Mg/Al fractionation can be independently 
studied by effects on the initial Mg isotopic composition 
inferred from isochrons. Normal, non-FUN CAIs are 
usually enriched in the heavy isotopes of Mg and Si, 
presumably because of isotopic fractionation during 
evaporative mass loss [e.g., 5]. Recent efforts to model 
these fractionation effects have assumed that evapora-
tive mass loss occurred during the evaporation event 
[6,7], but recent studies have concluded that the major 
Mg/Al fractionation that determines the early solar sys-
tem 26Al/27Al [1] occurred earlier than the last melting 
event, at least for some CAIs [4]. 

Magnesium isotopic evolution systematics: We 
make two key assumptions: that the Mg isotopic com-
position of the solar system was homogeneous before 
26Al decay and that 26Al/27Al was homogeneously dis-
tributed in the early solar system. The early solar system 
26Al/27Al is assumed to be (5.23±0.13)×10–5, the value 
obtained from a set of bulk Allende CAIs [1]. The initial 
Mg isotopic composition of the solar system (δ26Mg0= 
-0.038‰) is calculated from: (1) the Mg isotopic com-
position of the Earth (δ26MgEarth≡0 ‰); (2) the 27Al/ 
24Mg ratio of the solar system, 0.1011, inferred from CI 
chondrites [8]; and the early system 26Al/27Al ratio. 

The evolution of the ratio of daughter to nonradio-
genic isotopes have long been used in cosmochemistry, 
especially for the Sr system [e.g., 9,10]. Recent im-
provements in precision allowed the introduction of this 
diagram for Mg, where it was used to demonstrate that 
26Al/27Al was uniform in the regions of the solar system 
sampled by the Earth, chondrules, and CAIs [2]. 

Let us consider a CAI that presently has an 
27Al/24Mg ratio of 5 and a 26Al-26Mg isochron indicating 
a 26Al/27Al ratio of 3.58×10–5, indicating melting and 
resetting of the  26Al-26Mg system 400,000 years after 
formation of the precursor at an 26Al/27Al ratio of 
5.23×10–5. This CAI also has a bulk Mg isotopic frac-
tionation that is consistent with loss of 60% of its initial 
Mg, so that the 27Al/24Mg ratio before the evaporation 
event was 2. We consider three possibilities: (1) the 
Mg/Al evaporative fractionation event occurred when 

the precursor to the CAI formed, when 
26Al/27Al=5.23×10–5; (2) the Mg/Al fractionation event 
occurred when the CAI last melted, when 
26Al/27Al=3.58×10–5; and (3) the Mg/Al fractionation 
event occurred 200,000 years before the final melting 
event, when 26Al/27Al=4.33×10–5. Shown in Fig. 1 is the 
Mg evolution diagram for these three cases. The nearly 
horizontal line is the Mg isotopic evolution line for the 
bulk solar system, which connects the earth 
(26Al/27Al=0, δ26Mg0=0 ‰) and the early solar system 
value (26Al/27Al=5.23×10–5, δ26Mg0=–0.038 ‰) and has 
27Al/24Mg=0.1011. Also shown are isotopic evolution 
lines for 27Al/24Mg ratios of 2 and 5. For Case 1, the 
CAI will evolve along the evolution line for 
27Al/24Mg=5, because this was the ratio established 
when the CAI precursor formed. For Case 2, the CAI 
will evolve along the evolution line for 27Al/24Mg=2, 
because this was the ratio the CAI precursor had prior to 
the melting event at 26Al/27Al=3.58×10–5. For Case 3, 
the CAI evolves along the 27Al/24Mg=2 for 200,000 
years, experiences an evaporation event that increases 
the 27Al/24Mg to 5 and then evolves along a 27Al/24Mg=5 
line (parallel to the Case 1 line, but beginning at the 
position of the fractionation event) for the remaining 
200,000 years.  

 
Fig. 1. Magnesium isotopic evolution diagram showing the 
effects of Mg/Al fractionation at different times.  

Magnesium isotopic evolution of CAIs: We now 
have available a suite of CAIs available to interpret 
within this framework [3,4,11]. For each CAI, an iso-
chron yields the 26Al/27Al and δ26Mg0. In addition, the 
bulk chemical composition is known from SEM-EDX 
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analyses of polished thin sections [12,13]. The data are 
plotted in Fig. 2. In addition, for each CAI, the current 
27Al/24Mg is used to extrapolate backwards in time a Mg 
isotope evolution line from the measured 26Al/27Al ratio 
to the early solar system value of 5.23×10–5. The lines 
leading from each data point should either end at the 
solar system initial composition (for a Case 1 type 
evaporation history) or somewhere to the left of the so-
lar system initial composition (for Case 2 or 3 type 
evaporation histories). Most of the data points are con-
sistent with Case 1 histories, implying that the Mg/Al 
ratios of these CAIs were established when the precur-
sors were formed, not necessarily when the CAIs were 
last melted. CAI F6, a compact type A CAI that was 
likely melted, could have had an evaporation history 
like Case 2, as its current 27Al/24Mg leads to a steep Mg 
evolution curve that does not intersect the early solar 
system value. It could have evolved along a line with 
27Al/24Mg = 2 melted and evaporated, establishing both 
the current Al/Mg ratio and the 26Al/27Al ratio at the 
time of melting. Inclusion F4 is complicated, as it has an 
enclave of Type A mineralogy (the “island”) enclosed 
within Type C material. The Type C portion is signifi-
cantly younger than the other CAIs plotted here, and 
may have experienced Mg addition during evolution. 

Caveats: Mg isotopic data must be corrected for iso-
topic mass fractionation to determine the amount of 
radiogenic 26Mg and the exact relationship between 
26Mg/24Mg and 25Mg/24Mg ratios can influence the cor-

rection for high precision data. An exponential frac-
tionation law with an exponent of 0.511 is often used in 
correcting CAI data (e.g., 1], but laboratory evaporation 
experiments show an exponent of 0.514 [14] (the values 
used for the CAI data presented here). Changing the 
exponent from 0.514 to 0.511 moves most of the CAIs 
to lower δ26Mg0 values by 0.02 to 0.10 ‰ (Fig. 3), a 
relatively minor effect. 

Late-stage Mg addition does not appear to be impor-
tant except to the main Type C part of F4, as addition of 
a component with low the δ26Mg0 characteristic of bulk 
solar system material would scatter the points in Fig. 2. 

Conclusions: For all CAIs studied except the main 
part of F4 and F6, the major Mg/Al fractionation that 
led to Mg isotopic mass fractionation occurred at the 
time of the canonical 26Al/27Al ratio, not when the CAI 
last melted. This treatment of the Mg isotopic data holds 
together remarkably well and implies that both the 
26Al/27Al ratio and the initial Mg isotopic composition 
were remarkably uniform and are consistent with chon-
drules and the bulk Earth [2]. 
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Fig. 2. Magnesium isotope evolution line for CAIs. Melted 
CAIs are depected by open symbols and primitive ones by 
closed symbols. Melted CAIs are the same age or younger 
than primitive ones [4]. The CAIs and data are described 
elsewhere [3,4,11]. A line is drawn from each CAI data 
point to the early solar system 26Al/27Al ratio, 5.23×10–5, 
with the slope determined from the measured bulk 27Al/24Mg 
ratio. AOA—amoeboid olivine aggregate; CTA—compact 
Type A; FTA—fluffy Type A; B—Type B; fg—fine-grained. 
 

Fig. 3. Same as Fig. 2, except that the Mg isotopic frac-
tionation was corrected for by an exponential law with an 
exponent of 0.511 rather than 0.514. 
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