
INITIAL 26AL ABUNDANCE IN A TYPE B CAI: REMELTING OF PRE-EXISTING REFRACTORY 
SOLID.  N. T. Kita1, T. Ushikubo1, A. M. Davis2,3,4, K. B. Knight2,3,5, R. A. Mendybaev2,3, F. M. Richter2,3 and J. H. 
Fournelle1, 1Department of Geoscience, University of Wisconsin-Madison, Madison, WI 53706, USA (noriko 
@geology.wisc.edu), 2Chicago Center for Cosmochemistry, 3Department of the Geophysical Sciences, The Univer-
sity of Chicago, Chicago, IL 60637, 4Enrico Fermi Institute, The University of Chicago, Chicago, IL 60637. 
5Lawrence Livermore National Laboratory, Livermore, California 94550, USA. 
 

 
Introduction:  The initial abundance of 26Al (half 

life =0.73 My) in many Ca, Al-rich inclusions (CAI) 
show a peak at (26Al/27Al)~5×10–5, which is often re-
ferred to as a canonical value [1]. Several recent stud-
ies suggested that the initial (26Al/27Al) ratio in the 
solar system was as high as (6–7)×10–5 [e.g., 2,3]. 
However, the latest data from various laboratories do 
not find inferred (26Al/27Al) ratios significantly higher 
than the canonical value [4–8]. The best estimate of the 
solar system initial (26Al/27Al) ratio is (5.23±0.13)×10–

5 from the bulk CAI isochron [4], which is in good 
agreement with those obtained from the internal iso-
chrons of unmelted CAIs using high precision and high 
resolution SIMS techniques [7,8].  

Leoville 3535-1 is a type B1 CAI (6×8 mm) with a 
thick (500 µm) zoned melilite mantle. Preliminary 
SIMS study shows a well-correlated isochron from 
melilite and anorthite with nearly canonical initial 
(26Al/27Al) ratio [9–11]. Here we report additional 
SIMS data for spinel, fassaite and melilite. Further-
more, a newly evaluated SIMS (27Al/24Mg) relative 
sensitivity factor (RSF) for anorthite [12] is applied to 
the final isochron fit, in order to determine the slope of 
the isochron with precision and accuracy of 1% 
(equivalent to relative 26Al age of 10,000 years). This 
will allow us to evaluate the time period of CAI forma-
tion and reheating events that might occur within the 
first million years of the solar system formation. 

SIMS Al-Mg analyses:  The Al-Mg isotope data 
were obtained using a Cameca IMS-1280 at University 
of Wisconsin (WiscSIMS). Primary beam sizes and 
intensity were 10 µm and 1 nA for anorthite, 30 µm 
and 20 nA for melilite and fassaite, 25 µm and 7 nA 
for spinel. A single collector electron multiplier (EM) 
was used for Mg isotope analyses of anorthite and mul-
ticollector Faraday Cups (FC) were used for melilite, 
fassaite and spinel analyses. The 27Al signals were al-
ways detected by FC on the multicollection system. 
Both natural and instrumental mass fractionation were 
corrected by using an exponential law with β=0.514 
[13] and the analytical precision for mass fractionation 
corrected δ26Mg was 0.03–0.15‰ for multicollector 
FC analyses and ≤1‰ for single collector EM analy-
ses. A series of glass standards with anorthite, melilite 
and fassaite compositions were used for instrumental 
bias corrections; a laboratory spinel standard was used 

for spinel analyses. After the SIMS analyses, SIMS 
pits were examined by using SEM. The data from 
spots showing overlapping phases, large cracks and 
inclusions were rejected from the final data. 

Anorthite RSF: Our previous in-house anorthite 
standard contains <0.1 wt% Mg so that 27Al/24Mg ratio 
of the standard could not obtained with a precision 
better than 10%. We prepared glass standards with 
major element compositions of anorthite, containing 
variable amounts of MgO up to 1.0%. These standards 
were analyzed by EPMA (40–50 points each) to a pre-
cision of 1–3% for Mg. The SIMS analyses of 
27Al/24Mg ratios are typically reproducible at 0.3% 
(2SD). SIMS and EPMA data are well-correlated (Fig. 
1), comparing 24Mg+/27Al+ ratios of EPMA analyses 
against raw SIMS-measured values. The slope of the 
line gives the RSF = (27Al/24Mg)SIMS/(27Al/24Mg)EPMA 
with a precision of 1%. 

 
 
 

 
Results: The data are shown in an 26Al-26Mg iso-

chron diagram in Fig. 2. We obtained 41 analysis 
points, including 18 melilite, 8 fassaite, 8 spinel and 7 
anorthite spots. The data plot along an isochron corre-
sponding to an initial 26Al/27Al ratio of (5.07±0.05) 
×10–5 and the initial Mg isotope ratio of (δ26Mg*)0= 
0.014±0.080‰. Anorthite is extremely radiogenic 
(δ26Mg excesses as high as 130‰) and isochronous 
with other phase (Fig. 2a), providing a well-defined 
isochron slope with the precision of 0.2% (equivalent 

Fig. 1. Calibration of anorthite RSF (27Al/24Mg). 
Analytical errors are as small as the data symbols. 
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to 2 ky). However, the final error of the isochron slope 
includes the uncertainty of anorthite RSF (1%, equiva-
lent to 10 ky). The analyses of Mg-rich minerals, 
spinel, fassaite and melilite, show small deviation from 
the isochron regression line at the level of 0.1‰ (Fig. 
2b). As a result, the mean square weighted deviation 
(MSWD) of the regression line is as large as 5.  
 

 

 
 
 
 
 

Timescale of type B CAI formation: The initial 
26Al/27Al ratio obtained in this work overlaps with 
those of bulk CAI isochron (5.23±0.13)×10–5 [4] and 
Leoville 3536-1 fine-grained CAI (5.27±0.17)×10–5 
[7], though the value is marginally lower by 3–4% 
corresponding to the time difference of 30–40 ky. This 
is much shorter than the lifetime of evolved protostar 
(Class I, 0.1–0.5 My), indicating that the melting of the 
refractory precursor to form this igneous CAI occurred 
very early in the history of the solar system. Our result 
is also consistent with the high precision Al-Mg inter-
nal isochrons obtained from mineral separates of type 
B CAIs from Allende, A44A (5.03±0.18)×10–5 and 
AJEF (4.96± 0.25)×10–5 [4]. There are also other type 
B CAIs with lower initial 26Al/27Al ratios down to 
~4.5×10–5 [4,8], indicating that melting of type B CAIs 

started very early (≤30–40ky) and lasted at least 0.1 
My. 

Initial δ26Mg at the time of melting: The well-
defined isochron slope from anorthite, which is sensi-
tive to partial melting or Mg isotope disturbnce during 
parent body metamorphism. Therefore, the Al-Mg sys-
tem remained closed since the last melting of the CAI. 
Therefore a large MSWD caused from Mg-rich min-
eral data may not be caused by later disturbance, 
though some of the data could be affected by low tem-
perature alteration. One possible interpretation is het-
erogeneity in the initial δ26Mg isotope ratios at the time 
of last melting. The heterogeneity in the initial δ26Mg 
ratios might be derived from refractory solid precur-
sors, similar to unmelted fine-grained CAI containing 
mineral grains with variable 27Al/24Mg ratios. Alterna-
tively, Leoville 3535-1 may have experienced multiple 
melting events [14], which resulted in incomplete Mg 
isotope mixing during each melting event. The level of 
heterogeneity is insignificant compared to extremely 
radiogenic isotope ratios in anorthite (70–130 ‰), so 
that the inferred initial (26Al/27Al) ratio of the CAI is 
not affected.  

Conclusions:  The high precision SIMS Al-Mg in-
ternal isochron technique is very useful in determining 
relative ages of CAIs with time resolution as short as 
10 ky. Melting of a type B CAI occurred as remelting 
of refractory precursors within 30–40 ky after the for-
mation of first solids in the solar system and might 
lasted at least 0.1 My. The timing of melting of CAIs 
predates chondrule formation (≥2 My after bulk CAI 
isochron [15]), indicating that processes and mecha-
nisms of CAI melting and chondrule melting are dif-
ferent.  
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Fig. 2. The Al-Mg isochron diagram of Leoville 
3535-1, type B1 CAI. Top; anorthite, bottom; 
Mg-rich minerals. Error bars and ellipses are 2σ. 
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