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Introduction:  Key questions surrounding the de-

velopment of a robust chronology for the early Solar 
System are whether or not there was a uniform initial 
26Al/27Al for the Solar System as a whole ( 
(26Al/27Al)o) and if so, what was this uniform value?  
Soon after discovery of the decay product of 26Al, ex-
cess 26Mg, in calcium aluminum-rich inclusions 
(CAIs) [1] it seemed clear that CAIs recorded a Solar 
System-wide (26Al/27Al)o of 5x10−5 (the canonical  
(26Al/27Al)o) [2].  Since that time, however, new meas-
urements using new technologies have complicated 
this simple interpretation.   

It was suggested recently that  (26Al/27Al)o was con-
siderably higher than the canonical value, with new 
estimates varying from 6x10−5 to 7x10−5 [3, 4].  These 
“supracanonical” values for  (26Al/27Al)o represent ei-
ther final closure of CAIs to Mg isotope redistribution 
over a rapid timescale of ~50,000 yrs [5, 6] or an origi-
nal  (26Al/27Al)o value that was followed by ~300,000 
yrs of subsequent thermal resetting of the 26Al clock in 
the protoplanetary disk [3] .  If the latter interpretation 
is correct, it is possible that the canonical  (26Al/27Al)o 
represents the cessation of the most turmoltuous period 
of disk evoluition during which CAIs were heated 
relentlessly in numerous short-lived events (e.g., shock 
waves); the significance of the canonical  (26Al/27Al)o 
for CAIs lies at the heart of any Solar System chronol-
ogy.  

The existence of supracanonical  (26Al/27Al)o val-
ues has been questioned recently on the basis of more 
high-precision measurements showing the prevalance 
of canonical (26Al/27Al)o values among “whole rock” 
CAIs [7].   

Consideration of all published data thus far sug-
gests a disparity between results obtained by in-situ 
techniques (laser ablation MC-ICPMS and SIMS) [3, 
8] and those obtained by acid digestion of fragments of 
CAIs [3, 6, 7].   Here we suggest that the apparent in-
consistencies are the result of the evaporation history 
of CAIs.  The implication is that the Solar System  
(26Al/27Al)o was at least 6.5x10−5 and that CAIs suf-
fered ~300,000 to 400,000 yrs of thermal processing in 
an active protoplanetar disk.  The inference is that the 
canonical  (26Al/27Al)o indeed marked the cessation of 
the most turbulent phase of disk evolution.  

Evaporation of CAIs:  The high 25Mg/24Mg and 
29Si/28Si of igneous CAIs is prima facie evidence that 
these objects evaporated as molten objects in space.   

The pressure regime in which the CAIs evaporated 
bears on the tractability of their durations of melting.  
If CAIs melted with partial pressures of evaporating 
species (P′, e.g., Mg, SiO) approaching equilibrium 
(Psat), then their durations of melting are uncertain.  
Conversely, if molten CAIs evaporated into an envi-
ronment with P′ << Psat, timescales of evaporation are 
well constrained and can be ascertained uniquely using 
stable isotope fractionation.  A calculation of partial 
pressures as a function of number density of CAIs 
shows that the regime between no evaporation (P′ = 
Psat) and free evaporation (P′ << Psat) is separated by a 
narrow range of number densities (Fig. 1).   

 

Fig. 1  Plot of ratio of partial pressure of Mg (P′) to 
equilibrium vapor pressure of Mg (Psat) as a func-
tion of number density of molten CAIs.  Curves 
represent different total pressures and durations of 
melting.  Equations used to derive curve are shown 
at upper right (Ji=flux of i,  r = radius, N = number 
of molten CAIs, Dgas=diffusivity of i in gas, i =Mg).  
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 As a result, it is safe to assume that CAIs most likely 
evaporated into vacuum.  The degree of fractionation 
of both Mg and Si can therefore be used to obtain 
unique estimates of the durations of melting of CAIs.  
Results show that CAIs were molten for cumulative 
timescale of days to several weeks [9].  The duration 
of melting was almost certainly the cumulative effect 
of several tens of melting events since single episodes 
of melting lasted no more than a day [10]. 

Measurements of Mg and Al concentrations in 
whole-rock samples of unmelted CAIs (fluffy type A 
CAIs) and modeling of Mg and Si isotopic effects of 
evaporation show that a robust feature of igneous CAI 
history was an increase in 27Al/24Mg ratios from about 
1.6 prior to evaporation to greater values following 
evaporation.  CAIs were therefore open systems with 
evolving Al/Mg, complicating their 26Al →26Mg* de-
cay history. 

Open-system decay of 26Al: Application of the 
decay equation to CAIs with thermal histories involv-
ing ~30 melting events over a period of 300,000 to 
400,000 yrs results in 26Mg*-Al/Mg systematics re-
sembling the data for CAIs if these objects had an ini-
tial 26Al/27Al of 6.5x10−5 to 6.8x10−5.  The open-
system evolution of the igneous CAIs results in whole 
rocks (Fig. 2) that define an “errorchron” (whole-rock 
isochron) with an apparent (26Al/27Al )o of 5.7x10−5 to 
5.9x10−5, similar to some whole-rock CAI data [3, 6].  
Mineral isochrons for these same CAIs record appar-
ent canonical  initial (26Al/27Al )o values near 4.5 to 
5.0x10−5 (Fig. 2).  Minerals in CAIs that escaped reset-
ting would record model (26Al/27Al )o values of 6.5 to 
6.8x10−5 (the true initial).  To the extent that many 
reported “whole rock” CAI data are actually fragments 
of CAIs, and so essentially points on a mineral 
isochron for the object, one expects a prevalence of 
canonical (26Al/27Al )o values like that observed.   

A key consequence of open system evolution of 
CAIs is that true whole-rock isochrons record a mini-
mum (26Al/27Al )o, and that the true (26Al/27Al )o value 
must have been greater than that recorded by the 
whole rocks (Fig. 2).  

Conclusion: Both in-situ and “whole-rock” CAI 
data are explained if it is recognized that CAIs evolved 
as open systems due to evaporation at low partial pres-
sures of Mg, SiO and other rock-forming gas species.  
In this case, evaporation over hundreds of thousands of 
years attended decay of 26Al to 26Mg*.   The true Solar 
System initial 26Al/27Al will have been recorded by 
minerals that escaped resetting while many isochrons 
composed of minerals and CAI fragments will record a 
canonical (26Al/27Al)o .  It is suggested that this ca-
nonical value marks the cessation of thermal resetting 

and waning of the most active phase of protoplanetary 
disk evolution.  
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Fig. 2  26Al-26Mg* evolution diagram showing re-
sults of simultaneous 26Al decay and evaporation 
for four fictive igneous CAIs.  The evaporation his-
tory of each CAI is shown by the lines leading up to 
the final datum (circles) for each CAI.  Isochrons 
representing the model initial 26Al/27Al, the apparent 
initial 26Al/27Al recorded by the whole rocks, and a 
mineral isochron for CAI 4 are shown for compari-
son.  The whole-rock isochron and mineral isochron 
resemble analyses of CAIs obtained by MC-ICPMS 
and acid digestion.  Minerals that escaped resetting 
by melting (e.g., some spinels, Al-rich melilite) will 
record the true initial 26Al/27Al and would lie on the 
uppermost isochron in the diagram.  These points 
would be consistent with some in-situ analyses of 
igneous CAIs.  
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