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It has been recognized that small variations in initial s 7 ~ r / 8 6 ~ r  (SrI), can provide a fine scale relative 
chronology for the chemical fractionation of materials with low Rb/Sr from parent reservoirs with high Rb/Sr. 
Similarly, SrI, as determined for low Rb/Sr phases in meteorites, may permit a fine resolution chronology of the 
recrystallization or metamorphism of planetary materials [1,2]. For the establishment of a primitive 8 7 ~ r / 8 6 ~ r  
chronology, it is important to search for samples with extremely low Rb/Sr for which the measured s 7 ~ r / 8 6 ~ r  is 
below BABI, in which case the primitive nature of the Sr can be directly established. Using the measured RbISr 
to calculate an initial 8 7 ~ r / 8 6 ~ r  can introduce substantial uncertainty if the Rb-Sr systems are disturbed [I-31. We 
T r t  8 7 ~ r / 8 6 ~ r  in plagioclase from silicate pebbles from the Vaca ~ u e n a  mesosiderite on which we have reported 
l4 ~ m - l ~ ~ ~ d  and 1 4 2 ~ d  correlations [4]. For the purpose of cross-calibration with our previous work we have 
performed extensive new measurements on Angra dos Reis and on anorthite from Moore County, which have very 
low Rb/Sr and primitive 8 7 ~ r / 8 6 ~ r  [1,5]. The instrumental development in the late sixties [6] permitted resolution 
in 8 7 ~ r / 8 6 ~ r  of 1 eu. For the work reported here we used the newer generation multiple Faraday cup, simultaneous 
ion beam collection instrumentation (Finnigan 262 BQ). As in the earlier work [I], we used gravimetric standards, 
of known enrichment in 8 7 ~ r / 8 6 ~ r ,  to establish instrumental resolution in 87~r /86~r .  The present standards range 
from 0.15 to 1.456~ (15 to 145 ppm) in 87~r186~r.  We have demonstrated a resolution in 8 7 ~ r / 8 6 ~ r  of better than 
20 ppm (see Fig. I), which represents a factor of five improvement over our earlier work [I]. For the new data 
we quote uncertainties of 0.20 eu (20 ppm in 87~r /86~r) ;  internal (within a run) 2aM uncertainties are 9-14 ppm. 
Additional Sr standards used are NBS (NIST) 987 and seawater Sr. In prior work we established a whole rock 
isochron for eucrites with a well defined initial 8 7 ~ r / 8 6 ~ r  labelled BABI [I]. Subsequent extensive work on Moore 
County plagioclase, in conjunction with the lunar work on Luna 16 samples, showed SrI in Moore County to be 
0.9 eu below BABI [7]. Angra dos Reis total rock measurements demonstrated that Angra dos Reis had both 
measured and SrI distinctly more primitive than BABI, with SrI, labelled ADOR, being 2 eu below BABI 151. This 
was confirmed on larger samples of Angra dos Reis [8], by measurements on unleached total rock samples and on 
handpicked phosphate crystals. Work on Allende CAI provided the most primitive measured 8 7 ~ r / 8 6 ~ r  of -3.0 CU, 
relative to BABI, and labelled ALL; correction for in situ 8 7 ~ b  decay yielded SrI=-3.2 EU from BABI [3]. Based 
on samples with extremely low Rb/Sr, the current range in primitive SrI is 3 eu. This range corresponds to a time 
interval of differential evolution of 20 Ma in chondritic parent reservoirs or to about 10 Ma in a solar Rb/Sr 
reservoir [1,3.8]. This restricted range in SrI has been identified now for nearly two decades, and includes the 
initial 8 7 ~ r / 8 6 ~ r  for the mwn, clasts from the Kapoeta achondrite and angrites from Antarctica [9,10]. By contrast, 
SrI well above BABI have been measured for phosphates in chondrites and in a silicate inclusion in an iron meteorite 
and correspond to much later formation or recrystallization events, of the order of 100 Ma [2,11,12]. The 
primitive 8 7 ~ r / 8 6 ~ r  data obtained in this laboratory are shown in Figure 2. New data are shown as full symbols; 
earlier data are shown as open symbols. For the new data, it is clear that only the plagioclase from Vaca Muerta 
Pebble 12 and Angra dos Reis total rock and phosphate samples have measured 8 7 ~ r / 8 6 ~ r  that are below BABI 
(dashed horizontal line). The plagioclase from the other Vaca Muerta pebbles and from Mt. Padbury are within 
+1 eu of BABI and indicate primitive 8 7 ~ r / 8 6 ~ r  in these samples. The SrI values for Vaca Muerta pebbles, 
calculated from the plagioclase data range from -1.02f 0.21 to -1.62f 0.30 eu, clearly in the range between BABI 
and ALL. The SrI values calculated from the whole rock data (not shown, because measured values are slightly 
more radiogenic) and the plagioclase data for the Vaca Muerta pebbles do not agree within each pebble and clearly 
indicate disturbed systems. This further emphasizes the need for separates with extremely low Rb/Sr and measured 
87~r /86~r ,  and that SrI, obtained by assuming an age, need not be meaningful. To the extent that the Vaca Muerta 
and Mt. Padbury silicates have measured 8 7 ~ r / 8 6 ~ r  very near BABI, it is clear that all these low Rb/Sr planetary 
materials were fractionated from any high Rb/Sr parent within a few million years. For Moore County plagioclase 
we confirm a measured value close to BABI and calculate SrI below BABI by 0.64f 0.12 eu. For Angra dos Reis 
there is good agreement between the new (including a leached sample) and old data reported from this laboratory, 
except for the new analysis of phosphate. The measured 8 7 ~ r / 8 6 ~ r  for this sample agrees with the measured values 
of the total rock samples and, within the larger errors, of the earlier phosphate analyses. However, the new 
phosphate analyzed has an extremely low 8 7 ~ b / 8 6 ~ r  (0.00006) and high Sr (2200 ppm); this results in essentially 
no correction for in situ 8 7 ~ b  decay, so that there is a significant difference in SrI calculated (by assuming an age 
of 4.56 AE) from this phosphate and from all other Angra dos Reis data shown. This indicates disturbed Rb-Sr 
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systematics or an analytical problem with the phosphate analysis, which requires further attention. Recently Lugmair 
and Galer [13] presented precise Sr data for Moore County plagioclase and leached total rock samples of Angra dos 
Reis. These workers have found that SrI (for T=4.56 AE) for Moore County plagioclase and for Angra dos Reis 
are indistinguishable and concluded that there was some question about our value of ADOR. Detailed comparison 
with [13] shows that the measured values for Angra dos Reis total rock samples and Moore County plagioclase are 
in good agreement between the laboratories when normalized using the NBS 987 data. This places the reason for 
the difference in SrI between the two laboratories on the differences in 8 7 ~ b i 8 6 ~ r .  The present results show that 
there is indeed a problem about the propriety of extrapolating to Rb/Sr=O to obtain SrI. From our new data on 
Angra dos Reis an extrapolation along a zero-age line is indicated; this yields an upper limit for the Srl of Angra 
dos Reis of 0.87 EU below BABI. We conclude that our previous value for ADOR of 2.1 EU below BABI is not 
justified, as there appears to be a recent disturbance of the Rb-Sr system. Since the ALL value is not subject to 
uncertainty due to extrapolation, we conclude that the range in 8 7 ~ r / 8 6 ~ r  from ALL to BABI still provides a narrow 
window for primitive Sr and for the early fractionation and separation of planetary materials, within about 20 my. 
The extent to which a specific sequence can be established in this time interval remains uncertain and depends on 
the identification of samples with effectively no Rb and with primitive 8 7 ~ r / 8 6 ~ r .  We believe that there is also a 
need to readdress the extent to which BABI is well defined, using the more refined precision currently available. 
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Fig. 2 
Sr evolution diagram, with symbols as follows: 9.0 ' ALL 
A mesosiderite plag; ADOR TR; V ADOR 
phos; Moore County plag. Filled symbols are 
262BQ data, open symbols are Lunatic I data. * 2ol!tz-l 0.000 0.001 8 7 ~ b / 8 6 ~ r  0.002 0.003 
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