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The metal phase of ordinary chondrites has been found to contain a complex assemblage of 
non-metal phases [I], evidently formed when elements such as Si, Cr and P, originally dissolved 
in the metal, were subsequently oxidized and exsolved [I-31. We have investigated the Rb-Sr 
isotopic system in samples of H-chondrite metal, finding small but nontrivial amounts of Sr, 
apparently concentrated toward the surface of metal grains, and characterized by pronounced 
excesses of g7sr relative to what would be expected for the normal chondrite age and the 
observed RbISr ratio. The high 87Sr/86Sr in chondritic metal can plausibly account for the 
characteristically elevated initial 87~r/86Sr found in ordinary chondrite phosphates [4], but it 
remains unclear when and where the metal experienced the high Rb/Sr environment needed to 
account for such high 8 7 S r P ~ r .  

We have previously reported Rb-Sr data [5] for separated metal from Dhajala (H3), Forest 
Vale (H4) and Estacado (H6). Here we report data for two size fractions (80-160 and 280-450 
pm) of separated metal from the H4 chondrite Ste. Marguerite. These samples were etched twice 
(.5N HC1 for one hour) before dissolution (6N HC1). Aliquots of the solutions were spiked for 
Fe, Ca and Rb + Sr. The results for Ste. Marguerite metal are presented in the Table; errors are 
two-sigma and elemental concentrations are stated in terms of total sample weight. 

The concentrations of lithophile elements in chondritic "metal" are, as expected, quite low, 
but they are not trivial and in general they are well above analytical blank. Assuming metal 
concentrations of order lo%, the Sr observed in H3-H4 chondrite metal accounts for 1-3 permil 
of the whole rock inventory of Sr. The actual host phase of Sr in these samples is not known 
and is not well constrained by these analyses. We presume that the Sr, in particular, is probably 
not in solid solution in the metal phase but rather is concentrated in the other phases [1,3], 
notably phosphates, which are observed enclosed by the metal. It should be noted, however, 
that the Sr/Ca ratio in these samples is on average about an order of magnitude higher than that 
characteristic of phosphates extracted from bulk samples [4]. 

Although the number of samples studied is small, the available data are consistent with a 
trend in which Sr concentration in metal decreases with increasing metamorphic grade: the 
highest concentration is for Dhajala (H3), while Forest Vale (H4) and Ste. Marguerite (H4) have 
somewhat less and Estacado (H6) has very much (two orders of magnitude) less Sr. 

Assuming that the sequential etches preferentially attack the surface regions of the metal, the 
Sr is inferred to be concentrated toward the surface, since it is disproportionately concentrated in 
the etch fractions. Such a trend was suggested by the Dhajala and Forest Vale data [5], and is 
evident for Ste. Marguerite, for which data on metal dissolution are available (see Table). This is 
not simply a matter of straightforward surface correlation, however, since in Ste. Marguerite 
metal the coarser fraction has a higher bulk concentration than the finer fraction. Concentration in 
the etch fractions is less prominent for Ca than for Sr, i.e. Sr/Ca is higher in the etches than in the 
residues. 

In general, the H3-H4 metal samples have elevated initial 87Sr/86Sr, i.e. on an Rb-Sr 
isochron diagram (see Figure) they plot above the characteristic chondrite isochron [6]. Elevation 
of initial 87Sr/86Sr is particularly pronounced in the H3-H4 etch fractions; it is less prominent to 
non-existent for the total dissolution residues and for the total metal in Estacado (H6). 

Prior studies of the Rb-Sr system in ordinary chondrite phosphates [4] have revealed 
characteristic elevations of initial g7Sr/86Sr which are difficult to interpret chronologically if it is 
assumed that Sr now in phosphates was initially evolved in a bulk sample Rb/Sr environment. 
We can now make a plausible case that elevated initial 87Sr/86Sr in phosphates does not reflect 
bulk sample evolution but is rather an inheritance from chondritic metal, which is consistent with 
the scenario in which phosphates form by exsolution of oxidized P. Phosphates contain more Sr 
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than the metal, but their initial g7sr/86sr elevation is not as great, and the mass balance is nearly 
correct. For typical phosphate data [4] (initial 87Sr186Sr = .6995, [Sr] = 70 ppm, 0.5% 
phosphates), phosphates contain on the order of 2x1C13 molelg (total meteorite) excess 8 7 ~ r .  
Again for = 10% metal, the 280-450m fraction of Ste. Marguerite metal also contains of order - 

2~10-~3mole/g (total meteorite) excess 8 7 ~ r .  With allowance for likely loss of Sr from metal or 
metal-associated phases during sample preparation, and possibly higher levels of Sr in pre- 
metamorphic metal, it is not unreasonable to suppose that phosphate elevated initial 87Sr/86~r in - - 

general reflects inheritance of excess 8 7 ~ r  from associated meti.  
The connection with phosphate Sr, of course, does not address the issue of how the metal 

came to have such high 8 7 ~ r / 8 6 ~ r  in the first place. It is not plausible to imagine migration of 
radiogenic 87Sr (unaccompanied by Rb) into the metal from the meteorite as a whole: this would 
run counter to the apparent trend of outward migration of Sr in response to metamorphism, and it 
would require unreasonably long times to generate such radiogenic Sr with typical bulk RbISr (= 
900 Ma for 87~b/86Sr = 0.75). Perhaps the metal has a close relationship with some high-alkali 
phase such as chondrule glass, but there are no observations relevant to such a suggestion. A 
more speculative suggestion is that metal may have reacted with relatively cool nebular gas, after 
removal of most (relatively refractory) Sr but before removal of (relatively volatile) Rb, in which 
the growth of 87Sr/86~r could have been very rapid, but we have no basis for quantitative 
evaluation of such speculation. 
REFERENCES. [1] Perron et a!. (1990) Meteoritics 25, 398, [2] Murrell & Burnett (1983) 
GCA 47, 1999, [3] Perron et al. (1992) Meteoritics 27, 275, [4] Podosek & Brannon (1991) 
Meteoritics 26, 145, [5]  Podosek et al. (1991) LPS XXII, 1081, [6] Minster et  al. (1982) Nature 
300, 414. 

Isotopic analyses of Ste. Marguerite "metal" 
Fraction [Ca] [Rb] [Sr] 8 7 ~ b  g7Sr 

Sample dissolved ppm ppb ppb 86S, 
% 

86sr 
. . 

80-16011 (57 mg) 
Etch I (SNHCl) 9.6 11 0.6 78 .0238+2 .70897f 16 
Etch 11'(.5NHcl) 7.6 5 0.3 6 .146f5 .71040+_50 
Dissolution (6NHCl) 82.8 48 2.3 52 ,128fl .70774f25 

280-450u (173 mg) 
Etch I (SNHCl) 19 0.7 138 .0143fl .70993f4 
Etch I1 (SNHCI) 9 0.3 13 .064f1 .71446f34 
Dissolution (6NHC1) 81 2.6 57 .132+1 .71158+25 
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Fig.: Rb-Sr isochron diagram 
for ordinary chondrite metal. 
SM80 and SM280 are Ste. 
Marguerite size fractions (see $ 
Table); DJ is Dhajala and FV is m 

Forest Vale [4]. Open symbols 
are etches, filled symbols are 
total dissolution after etching. ? -  
Line is bulk chondrite isochron = 
I61. 
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