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A broad survey is being carried out of the Mg isotopic composition in Ca- 
Al-rich inclusions and in inclusions containing plagioclase and Mg-rich 
olivine. The purpose is to identify inclusions with characteristic isotopic 
compositions which include: a) si nificant isotope fractionation; b) nonlinear 
effects corresponding to excess 2'Mg, most plausibly attributed to 2 6 ~ 1  decay; 
and c) nonlinear effects corresponding to deficits in 2 6 ~ g  which are indica- 
tive of more general isotopic anomalies and possibly of an initial 2%4g/2%fg 
in the solar system distinctly less than the normal value. The presence of 
significant isotope fractionation can be used to identify the extent of 
isotopic homogeneity for coexisting phases in an inclusion and to address 
questions about its formation. Recently, fragments of Allende were generously 
made available for our study by A.L. Burlingame. The fragments of Allende 
were cut into -1 cm thick slabs and inclusions were chosen based on micro- 
scopic examinat ion. Micro-samples (100-200pm) were excavated for Mg analysis 
by the direct loading technique, described in detail by Lee et al. (1977). 
Extensive work has shown that the reproducibility of - raw measured isotopic 
ratios is &1.5"/00 (2a) for 25~g/24~g and i3'/00 (20) for 26~g/24~g, 
corresponding to a reproducibility of instrumental isotope fractionation of 
&1.5'/00 per amu. The precision of the 26~g/24~g data after normalization for 
mass dependent isotope fractionation can be as good of 0.1-0.2'/00 ($amea ) 
and depends on the amount of Mg and on the beam stability. The 2%fg/ %g aata 
for the DLT are subject to a +1.5O/00 bias which appears to be associated with 
ion beams for which 27~1+/24~g+>0.5. This effect appears constant but is not 
well understood. This bias has been added to the data except for the analyses 
of Mg-rich, Al-poor samples, for which 27~1+/24~g+~0.2. There is insufficient 
control data to establish if a bias is present for directly loaded crystals 
which yield low 27~l+/24~g+. Therefore, data showing negative ti2% for Mg- 
rich, Al-poor samples are considered only tentative and require confirmation. 

Inclusions were sampled seeking diversity. The only requirement was for a 
diameter >4 mn, in order to provide material for later intensive studies. The 
only petrographic study was on grains in immersion oils and occasional SEM 
analyses. The most spectacular inclusions were FeS-rimmed "chondrules" of 
olivine (FO~~), pyroxene, plagioclase (CaO 9Nao. All. 9Si2. and a ruby-red 
Cr-spinel (MgO ,6Fe A1 lCrO O,,) This assembfage appears to have some 
relationship to CA!'!~ &;Ing A?-rich. Four such objects were found in the 
slabs studied; the largest, named Red Eye, was sampled to provide olivine and 
plagioclase crystals. The results are given in Table 1 (sample 81) and 
indicate no substantial Mg isotope fractionation. The negative 626~g for the 
olivine requires substantiation for reasons given above. The Red E e 
plagioclase shows no substantial excess (*) of 26~g. From 27~1+/ 2gMg*m50, as 
measured during the DLT run, we calculate 26~1/27~1 G 6 x 1 0 ~ ~  using the fact 
that (A~+/M~+)<[A~] / [Mg]. This 26~1/27~1 is an order of magnitude less than 
the usual value found in many CAIs. Therefore, when this inclusion formed, 
only a very small amount of 2 6 ~ 1  may have been present due to either late 
formation (by 2 my) or gross heterogeneity in the distribution of 2 6 ~ 1  in the 
early solar system. The observations on this inclusion are in agreement with 
Hutcheon (1982) who showed the absence of 26~g* from a plagioclase in an 
olivine-plagioclase inclusion from Allende . An analysis of olivine from a 
second chondrule (Pink Eye) showed no fractionation and no demonstrable 2%g 
anomaly. In contrast to these samples, a micro-scoop of a large, piscine, 
fine-grained, pink aggregate (sample 83 in Table), shows isotopically light Mg 
and an unusually high 26~g*, for a bulk aggregate (Lee and Papanastassiou 
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1974), and warrants further attention. Samples #4 and 85 are deformed 
amoeboidal masses (-lcm) consisting dominantly of melilite, some pale pyroxene 
and contain a pale brown pleochroic phase (px?). Sample 84 shows no 
fractionation and a hint of 26~g*. Sample #5 exhibits significant 2621g*. All 
the other inclusions appear to be of type B (me1 .+£ass .+sp.+etc . ) showing 
various degrees of recrystallization. Sample #9 is atypical in that no 
melilite dents du cheval rim is present. SampLe #10 (Big-Al, 1.2x1.8cm2) is 
of type B with a coarse melilite rim. All these type B's exhibit spinel 
rims. These samples show positive Mg isotope fractionation and no 
excess or deficit of 26~g. The largest observed isotope fractionation is 
7.6*1.0°/00 per m u  for sample #7. 

More extensive work was done on two inclusions from the USNM (3529-26 and 
3529-2) which show clear evidence of igneous texture. Both samples show large 
values of 26~g* in the plagioclase crystals (up to 106°/oo) and no strong 
isotope fractionation trends. Ion microprobe data on these two inclusions are 
presented by Huneke et al. (1983) and Armstrong et al. (1984). 

In summary the data show: a) a significant range of isotope fractionation 
for Mg from -6 to +8'/00 per amu; b) the absence of 2 6 ~ g  effects &I high Al/Mg 
phases in Mg-rich inclusions; c) the presence of significant 2%4g in some 
inclusions, including a f ine-grained aggregate; d) the presence of large 2%4g* 
correlated with Al/Mg in two coarse grained type B inclusions; and e) no evi- 
dence for distinctly large (>1OD/o* amu-l) Mg isotope fractionation or non- 
linear effects corresponding to 2 6 ~ g  deficits. This search would have easily 
identified Mg isotope fractionation effects as found in FUN inclusions C-1 and 
EK-1-4-1, as well as 2 6 ~ g  deficits larger than 2"/00 (e.g., EK-1-4-1, with 
626~g=-3.50/o*, Wasserburg et al. 1977). We conclude that this search has 
identified important inclusions for detailed study,but that the search needs 
to be extended to a larger number of samples (x5) to identify FUN inclusions. 
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Table 1. Mg Analytical Results 
sampled F~ 6Z6ngb D L T ~  

*/..amu-1 . . 
1. y e - -  2.6.1.1 -1.1io.2 Y- a~ractionation factor ( * / a .  per a m )  is 

-01-2 0.7+1.8 -0.4t0.2 Y* calculated from the range in the raw measured 
-Plag 0.5t2 .I 1.3t0.9 Y* values for 2%g/24Ug relative to the raw 

2. G-F-Pink Eye-01 0.0f0.7 -O.8*0.3 Y measured value for normal ng, (25ng/z4~) = 
3. D-I-PF -6.3*1.9 35.2t0.6 Y 0.12475. The uncertainty given is 2u of tre 
4. G-E-B -1.050.7 1.5*0.2 Y distribution of 25Mg/24ng for sets of ten 
5. G-H-BR 2.6k0.7 9.5t0.2 Y equentially measured ratios. 
6. H-E-02 4.9t1.6 0.6*0.4 Y 'Deviations in the 26Mg/24w from no-1 after 
7. D-G-BC 7.6t1.0 0.2*0.2 Y correction for mare fractionation. Uncertainties 
8. H-E-a 4.5t0.2 0.5t0.1 Y are 2u (mean). 
9. D-I-R 3.9t1.2 0.3*0.4 Y c~amples analyzed by the direct loading 
10. G-I/J-Big-Al-px 4.5t1.0 0.2f0.2 N technique (DLT) are indicated by Y. Samples 
11. CAI-818a 0.810.9 -1.3t0.2 Y* processed through the chemistry for the 
12. 3529-26 separation of Mg are indicated by I. For 

Plag-FA 0.0t2.6 91.0*0.7 Y directly loaded samples a biae of +1.5*/** has 
Plag-GR 0.6t2.0 105.9*0.6 Y been added to the reported 26Mg/24~g due to the 
Plag(dirty) l.lt1.6 9.0*0.5 Y presence of high 27~1+/24Mg+ during the mass 
Pyroxene 3.0t1.6 1.2t0.2 N spectrometer run. For several directly loaded, 

13. 3529-2 Mg-rich samples, very low 27~1+/24ng* were 
Plag-1-21 1.0*1.5 49 + 2 Y observed; for these anal nee (marked Y*) no bias 
Plag-1-16 2.0t3.O 26 t 4 Y is included in the 26Mg/ s 'Mg reported here. 
Melilite 1 .lt0.4 1.5*0.2 N d~amples 1-10 are f r m  Allende fragments BG82 
Pyroxene-1 2.2t1.0 -0.2*0.2 N (from A.L. Burlingame); full name of samples 

2.1t1.0 0.5t0.2 N 1-10 should include BG82- as a prefix. Sample 11 
Pyroxene-2 1.9t1.2 0.4i0.1 N is from W.V. Boynton; #12 and C13 are from USW. 
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