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LEW ( ) o n d  ADOR ( ) We have studied angrite LEW86010 as part of the G. 

0,6992 
'nonnolized to NES 987 ~r ~ t ~ d .  - 0.71025 McKay consortium. Petrographic, chemical, ion microprobe, 

and initial Sr isotopic analyses of LEW86010 by consortium 
members have been reported (1,2,3,4). Sr, Nd, U, and Pb 
analyses were also reported by (5,6). Sr isotopic analyses 
establish that LEW86010 has a primitive initial 8 7 ~ r / 8 6 ~ r  
composition equal to ADOR (6,7). We report additional Sr 
and Nd isotopic measurements and the first Cr isotopic 
analyses of LEW86010. These measurements confirm the 
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O.OOO O.M1 0.M2 ,.,, primitive initial 8 7 ~ r / 8 6 ~ r  value, an old Sm-Nd age, and the 

8 7  
~ b /  8 6 ~ r  presence of live 14%m. They furthermore establish that 

Figure 1. Rb/Sr data for samples of low 5 3 ~ n  was alive in the angrite magma and, like 14%m, was 
8 7 ~ b / 8 6 ~ r  ratio. partitioned among the crystallizing mineral phases as the 

magma solidified. These results show the angrite parent 
body melted and angrite parent magmas formed within a very short time after accretion. The 
presence of 5 3 ~ n  contemporaneously with 14%m establishes that the 146~m/144~m ratio was "frozen 
into" LEW86010 very early in solar system history, recording the initial solar system value. 

Rb-Sr data for samples of low 8 7 ~ b / 8 e ~ r  are shown in Figure 1. After correction for 
radiogenic growth during the past 4.56 Ga, values of initial 8 7 ~ r / 8 6 ~ r  are obtained which are within 
analytical uncertainties of initial 8 7 ~ r / 8 6 ~ r  previously measured for two eucrite clasts (9,lO). 
8 7 ~ b / 8 6 ~ r  and 8 7 ~ r / 8 6 ~ r  values for handpicked, density-selected, pyroxene (>3.45 g/cm3) from 
LEW86010 are identical to those of handpicked pyroxene from Angra Dos Reis. (The two data points 
are coincident in Figure 1). Lugmair and Galer (6) also concluded that initial 8 7 ~ r / 8 6 ~ r  for LEW86010 
is the same as for ADOR and also for Moore County plagioclase. 

LEW 8601 0 Sm-Nd data are shown in Figure 2. Most samples 
were leached in 1N HC1 prior to analysis. Leachates have low 
Sm/Nd ratios and plot slightly above the isochron shown in 

. the figure; they and an earlier analysis of unleached 
plagioclase were omitted from the isochron regression. The 
Sm-Nd isochron age of 4.56fl.10 Ga confirms the old age 
expected from the primitive initial 8 7 ~ r / 8 6 ~ r  and is the same 
within error limits as that reported by Lugmair and Galer (6) 

0.10 0.20 0.30 for LEW86010 and by Lugmair and Marti for ADOR (10). 
147 

~ m / " ' ~ d  
Lugmair and Galer (6) report extensive terrestrial Pb 
contamination of leachates and whole rock; however, they 

Figure 2. Sm-Nd isochron diagram 
LEW86010. 

obtained a Pb model age of 4.555 Ga for a pyroxene fraction 
and a plagioclase-pyroxene "isochronn of 4.557 Ga. 

1 4 2 ~ d / 1 4 4 ~ d  measurements are shown in Figure 3. Nd was measured as Nd', and correction 
was made for interference from 1 4 2 ~ e  by continuously monitoring 140ce. The data show the effect 
of decay of now-extinct 

(r1b2 = 
103 Ma). The slope of the correlation line (Figure 3) yields 

initial 146~m/144~m = 0.0078+0.002 (20) when regressed by the York (1 1) program, or 0.0078+0.0010 
(20) when regressed by the Williamson (12) program. These values agree with 0.0070+0.0017 reported 
by Lugmair and Galer (6) for LEW86010 and also with 0.0067fl.0019 reported by Prinzhofer et al. 
(13) for Acapulco. 

We have also measured the Cr concentrations and isotopic compositions of a whole sample 
( ~ 2 0 0  meshj, pyroxene, and an impure olivine separate from LEW86010. The olivine separate 
consisted of "rejectsn from the Sm-Nd sample and had an estimated purity of -85%. Results are 
reported in Table I. Isotopic ratios are normalized to 'O~r / ' ~c r  = 0.0518585 (16) and values of cSP are 
given relative to 5 3 ~ r / 5 2 ~ r  = 0.1 13462k2 (20~)  for the laboratory standard. All samples have pos~tive 
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LEW 8601 0 cS3 values ranging up to 42 €-units for the (impure) olivine. 
Comparison with literature values (2,3) shows generally good 

1.13e4. wR) . ' agreement for Cr concentrations. Thus, the literature values 
of Mn/Cr should be at least qualitatively applicable to our 

' ' 142 samples. (Mn analyses are planned to be completed prior to 
the conference). Literature values for Mn and Cr should be 

. - 1  most applicable to the whole rock and pyroxene analyses 
I.1XQ. ?ID)(R) sm~"%m-o.rmsto.m2a - -2 because phase purity is a lesser consideration than for the 

O.10 02a o.Y) olivine separate. However, Cr concentrations in pyroxenes 
1 4 7 ~ r n / 1 U ~ d  are strongly zoned, whereas Mn concentrations are not (3), 

S. Variation of 142Nd/144Nd with Sm/Nd resulting in large variations in Mn/Cr ratios. Mn/Cr for our 
ratio for ~ ~ ~ 8 6 0 1 0 .  sample can be most precisely estimated by combining the 

a v e r a g e  M n  
concentration measured by (3) for pyroxenes with the 5 3 ~ r / 5 Z ~ r  Variation in ~ ~ ~ 8 6 0 1 0  

measured Cr concentration; this value is given in Table I, O.llm 

column 6. A "best estimate" for the 01 (tKs) separate, : r / 0 . 1 1 3 3 0  

considering the -85% purity of the sample, is also given in 
O.'lrn 5' 

the table. When c5, is plotted vs. the estimated " ~ n / ~ ' ~ r  es3 0.113m '- 
for the whole rock and pyroxene analyses, remarkable WR,.,' o.llm ?N 
agreement is obtained between the estimated 5 3 ~ n * / 5 5 ~ n  = t o  ,,, ~ n * / 5 5 M n = - 6 . 5 ~ 1 0 - ~  +-- 1.4 

0.113% 

(6.5k1.7) x lo-' obtained from the slope of the correlation 0 PX 

line, and 5 3 ~ n * / 5 5 ~ n  = (6.7k2.2) x reported by Birck a t o  2D 5Q 40 So 60 70 BI 

and Allegre (14) for bulk Allende inclusions. The estimated 55 ~ n / ~ ' c r  

initial it3= -(I .4+1.4) is also in agreement with rS,= -2.0k0.5 Pi- r. .,, vs. estimated 55Mn/52cr for ,,,hole 

for bulk Allende inclusions (14) or E:= -1.7fl.3 including r o c k , p y r o x e n e a n d i rn p u r e 

BR1 minerals (14,15). (olivine+kirschsteinite) from LEW86010. 
Discussion: Definitive conclusions await completion of Mn 
analyses, but even for 5 3 ~ n * / 5 5 ~ n  - 1 x as calculated for the olivine separate from the 
estimated Mn and Cr concentrations, LEW86010 is implied to have crystallized within - 10 Ma of the 
incorporation of Mn and Cr into Allende inclusions. This tightly constrains the time scale of asteroid 
accretion and magma generation. Both 5 3 ~ n  and 14'sm were alive during these processes of planetary 
formation and were partitioned in the normal manner during crystallization of the angrite magma. 
The presence of live 5 3 ~ n  in LEW86010 also fixes the time at which 146~m/144~m - 0.007-0.008 to 
very near solar system formation. 
Table I. Cr Concentrations and Normalized 5 3 ~ r / 5 2 ~ r  Ratios in LEW86010 Samples. REFS.: (1) 

McKay G. et 
Sample Cr ~ r *  ~ n *  5 5 ~ n / 5 2 ~ r *  5 5 ~ n / 5 2 ~ r  5 3 ~ r / 5 2 ~ r  €53 al. [I9881 LPSC 

* m, 762-763. 
(PPm) ( P P ~ )  (PPm) Lit. Eat. - +20, - +20, (2) Mittlefehldt 

WR 
D .  a n d  

650 750. 1 5 5 0 ~  2.3220.30 2.320.3 0.113595+3 11.7fl.3 Lindstrorn M. 

Px 1400 2600* 715* 0.31+0.18 0.58fl.03 0.113484~3 1.9fl.3 3209-3218. [ 1 9 9 0 1 ~ S 4 1  (3) 

Ol+Ks 110 SO* 4500* 64210 4128 0.11393823 42.0fl.3 Crozaz G.  and 
M c K a y  G. 

Std. 0.11346222 [I9901 -=, 
97, 369-381. 
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