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Introduction: The short-lived radionuclide 26Al (mean 
life = 1.05 My; [1-3]) is a key isotopic marker for 
constraining the evolution and processing of primitive 
planetary materials within the protoplanetary disk. 
Currently, controversy surrounds the initial value of 
26Al/27Al in the solar system.  It has been suggested 
that the ‘canonical’ value of 4.5-5.2 x 10-5 (5.0 x10-5 
preferred in early publications [3-6]) may represent 
resetting, and a higher value, termed ‘supracanonical’ 
≥ 6.0 x 10-5 was proposed [7-10]. Critical to constrain-
ing this issue is evaluating the veracity of the data 
produced by different in situ analytical techniques. In 
2009, [6] reported results of a dual LA-MC-ICPMS 
and SIMS study of an anorthite-rich type B CAI from 
Allende, HC-13, and confirmed that, within analytical 
errors, the same excesses in 26Mg, and therefore in-
ferred initial 26Al/27Al values, were obtained on the 
same CAI using these two techniques.  We continue 
our approach of using both techniques on the same 
inclusions to establish whether or not the initial 
26Al/27Al was significantly greater than 5.0 x 10-5, or 
not.  We present new SIMS data on Leoville 144A that 
confirm the data of [9] and discuss implications.  
Experimental Techniques: Petrography: Leoville 
144A was in part characterized by [8,11,12]. X-ray 
mapping was performed on the JEOL 8200 EMP at 
Rutgers University. Isotopes: Oxygen was analyzed by 
[11]. 26Al-26Mg systematics were analyzed by two 
different in situ techniques. LA-MC-ICPMS analyses 
were performed with a ThermoFinnigan Neptune at 
UCLA and followed the methods of [8]. SIMS analys-
es were performed with the Cameca IMS 1280 at the 
University of Hawai‘i at Mānoa following the tech-
niques of [13]. The same data reduction techniques 
were used and agreed upon by the three lead authors.  
Petrography: Leoville 144A is a compact type A CAI 
(Fig. 1), with ~ 75% melilite (Ak10-25 [12]), ~8% fas-
saite [up to 15 wt% TiO2), and ~15% spinel (all 
area%), with very minor perovskite, sodalite and po-
tentially anorthite [14].  
Isotope Results: The model initial 26Al/27Al ratio for 
Leoville 144A from analyses by LA-MC-ICPMS and 
SIMS compare well and are the same within error (Fig. 
2), although we have yet to obtain data for fassaite 
using SIMS. The LA-MC-ICPMS data below the 

 
 
Figure 1. RGB image of 144A: R = Mg, G = Al, B = Ti. 
Blue-colored phase is CA-Ti diopside (fassaite). 
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Figure 2. Comparison of UCLA LA-MC-ICPMS (Grey 
symbols from [8]) and Univ. of Hawai’i SIMS data (black: 
spinel & melilite only). Excesses of 26Mg* plotted in Figs. 2 
and 3 are δ26Mg*´, the logarithmic definition of δ [8].  
Regression lines for each data sets are shown, using ß=0.514.  
 
5.0 x 10-5 is contributed to by fassaite grains. Both data 
sets show significant scatter between reference lines 
representing 26Al/27Al of 5 and 6 x 10-5 with the SIMS 
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Figure 3. Comparison of UCLA LA-MC-ICPMS vs. Univ. 
of Hawai’i SIMS for Leoville 144A.  
 
data showing a tighter clustering, which in part may be 
due to the lack of fassaite data from SIMS (Fig. 3). 
 

 
Figure 4.  BEI of a selected area of 144A showing a compar-
ison of data by both techniques. All holes are from LA ana-
lyses.  Data of [8] shown in purple, SIMS data in red.  Actual 
SIMS holes not shown.   
 
Discussion: We have confirmed the veracity of the 
original LA-MC-ICPMS data for Leoville 144A with 
SIMS, both data sets essentially agreeing within errors. 
There is a greater spread in the data for from LA-MC-
ICPMS than SIMS, but this might well reflect absence 
of fassaite data among the SIMS analyses. A key con-
sideration for evaluating the LA data of [8] is the over-
all spread of the values. [8] interpreted the scatter to 
indicate process-driving change that shifted values 
between the two regression lines in Fig. 3. Note also 
that the regression line for the SIMS in Fig. 2 does not 
go through the origin (nor through 0.13932, assumed 
nominal 26Mg/24Mg, on a ratio-to-ratio diagram) the 
intercept is more radiogenic than terrestrial, a sign of 
disturbance.  Leoville 144A shows a disturbed Al-Mg 
isotopic system: the questions are why and how?  

It has been known for 30 years that some CAIs 
contain evidence for internally disturbed initial 
26Al/27Al values [4, 6,15-17] with model initial 
26Al/27Al of major phases within inclusions that range 
from 0 up to ~7.0 x 10-5 [4,8, 16, 17]. One hypothesis 
to explain such disturbed inclusions is that the reset-
ting reflects diffusive exchange of Mg (±Al) between 
minerals within a CAI long after the decay of 26Al (we 

will term close system). Such disturbance is often 
thought to reflect post-crystallization diffusion-
controlled exchange between mineral phases within the 
inclusion, either between anorithite and melilite or, 
potentially, Mg-rich mililite and Mg-poor melilite. The 
anorthite-melilite exchange is hypothesized to be the 
most important [6, 15-17].  Anorthite is an important 
player in this process because it provides an internal 
‘reservoir’ for 26Mg and/or chemical diffusion of Mg 
(±Al) between anorthite and melilite.  Isotopic ex-
change could both slightly raise δ26Mg* in melilite and 
significantly decrease δ26Mg* in anorthite significant-
ly. Loss of Mg from anorthite during metamorphism 
should result in higher measured Al/Mg ratios and 
lower inferred isochron. A major challenge to assess-
ing this hypothesis is the actual 3-D abundance of 
major phases in an inclusion (i.e., not just from thin 
sections), especially of anorthite. Some reasonable 
assumptions can be made and it is not clear if such a 
calculation will provide the needed results [6]. The key 
to supporting this hypothesis is the abundance of anor-
thite.  Leoville 144A contains very little if any anor-
thite (< 2 area%), (we are confirming [14]), thus, un-
less melilite-melilite exchange is important, our data 
may not support the above hypothesis. 

A second hypothesis is that resetting occurred 
prior to the complete decay of 26Al between inclusions 
and a reservoir, either pre-accretion exchange with 
nebular gas or post-accretion with matrix (we term 
this open system). To achieve exchange between inclu-
sion and gas requires either (1) partial melting or sub-
solidus heating of 144A or (2) sub-solidus heating. We 
find no compelling petrographic evidence to support 
the hypothesis that 144A experienced significant par-
tial remelting. Thus it would have to be totally re-
melted, which would reset the 26Al system and produce 
a new internal isochron, which is not observed. Our 
data cannot, however, refute the hypothesis that 144A 
experience sub-solidus heating and diffusion of 26Al 
between a reservoir (e.g., gas or parent body) and the 
inclusion prior to accretion [8], perhaps within 
300,000 years of formation [8]. Details of how such an 
exchanged occurred remain largely unexplored.  
References: [1] Urey (1955) Proc. Natl. Acad. Sci. 41, 127.  
[2] Lee et al., (1974) Geophys. Res. Lett., 1, 225. [3] Mac-
Pherson et al., (1995) Meteorit. 30, 365. [4] Esat et al. (1979) 
LPSC, 361. [5] MacPherson et al. (2009) MAPS, 365. [6] 
Connolly et al., (2009) LPSC # 1993. [7] Young E. D. et al., 
(2002) GCA 66, 683. [8] Young et al., (2005) Science 308, 
223. [9] Cosarinksy M. et al., (2007) MAPS. 41, 5309. [10] 
Taylor D. J. et al., (2005) MAPS., 40, 5282T. [11] Russell et 
al. (2001) MaPS. A179. [12] Young et al. (2000) LPSC 
#1837. [13] Makide et al., (2009) GCA, 5018. [14] Bland et 
al. (2000) MaPS, A27. [15] Wasserbug (1985) Protostars 
and Planets II. [16] Goswami et al. (1994) GCA 58, 431. 
[17] Podosek et al. (1991) GCA 55, 1083. This research 
funded by NASA grants NNX09AB86G to HCCJr, 
NNX08AG58G to GRH, NNX07AJ01G to EDY.  

1933.pdf41st Lunar and Planetary Science Conference (2010)


