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RHENIUM - OSMIUM ISOTOPE SYSTEMATICS IN ENSTATITE CHONDRITES. 
John W. Morgan, Richard J. Walker and Jeffery N. Grossman, U.S. Geological Survey, 
Reston, VA 22092, USA. 

Rhenium and 0 s  abundances have been determined by isotope dilution (ID) and 
O S ' ~ ~ / O S ' ~ ~  ratios have been measured in 10 enstatite and two carbonaceous chondrites 
(Table 1). Chemical and instrumental procedures have been described previously [I-31. 
Sample sizes were generally about 0.15 g. 

Abundances of Re and 0s determined by ID are generally in good agreement with 
previous radiochemical (RNAA) and instrumental neutron activation (INAA) results [4- 
61 (Table 2). The comparison suggests that variations in absolute abundances found 
by INAA and RNAA largely reflect inhomogeneity within the E chondrite suite, since 
similar variability is found in the more precise ID results. We find that EH chondrites are 
reasonably uniform (58.9 f 5.2 Re ppb and 662 f 44.9 0 s  ppb) Variability of abundances 
in EL chondrites is much greater than in EH chondrites (63.2 f 15.7 ppb Re and 693 f 183 
ppb 0s) although mean abundances are very similar. Observed values have a range of 
more than a factor of two in the EL group as a whole (Table 2). 

Although variations in Re/Os ratio between chondrite groups have been known for 
years [4,7], 0 s  isotopic composition provides sensitive and precise evidence for fraction- 
ation between these apparently cosmochemically similar refractory siderophile elements 
[Figure la]. The enstatite chondrites are on average more radiogenic than carbonaceous 
chondrites and less radiogenic than ordinary chondrites, consistent with primordial differ- 

. ences in Re/Os ratios [3,8]. Factor analysis suggests that under the conditions in which 
enstatite chondrites formed, Os, Ir and Ru behaved purely as refractory siderophile ele- 
ments, but Re has some affinity for such sulfide phases as troilite and possibly oldhamite 
(CaS) [5,6]. The mechanism of the cosmochemical fractionation between Re and 0 s  may 
best be resolved by isotopic analysis of separated phases from all chondrite groups. 

On a plot of Os187/0s180 versus ~ e ~ ~ ~ / 0 s ~ ~ ~ ,  (Figure 2), all but two of the enstatite 
chondrite samples plot within analytical uncertainty of the best fit 4.55 Ga isochron 
determined for carbonaceous chondrites [3] and ordinary chondrite metal [8]. The data 
for the E chondrites, like those for the C chondrites and ordinary chondrites plot, on 
average, 1 to 2% above the iron meteorite isochron [3,8]. These new results add M h e r  
weight to our earlier conclusion that irons have either significantly younger Re-0s ages 
than chondrites, or that chondrites were formed from precursor materials with different 
chemical histories from the precursors of irons [3]. It seen& unlikely at the present state- 
of-the-art that further chondrite whole rock Re-0s measurements will yield a better fitted 
isochron. The analysis of separated components in equilibrated chondrites appears a more 
promising avenue to explore. 

One sample of Indarch lies significantly above the chondrite assemblage on the 0sH7/ 
Oslg6 versus Re187/0s186, diagram (Figure 2, Table 1). A duplicate sample of Indarch, 
however, closely resembles Abee isotopically. The two Indarch samples have essentially 
identical 0 s ~ ~ ~ / 0 s ~ ~ ~  ratios suggesting recent loss of Re in one sample . Significant Re 
may occur in water-soluble oldhamite, and loss in the terrestrial environment is suspected. 

Enstatite chondrites have oxygen isotope signatures close to that of the Earth [9], but 
the 0 s  isotopic composit ions for mantle-derived osmiridiums [lo] and mantle xenoliths 
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[11] more closely resemble carbonaceous chondrites than enstatite chondrites [Figure lb]. 
Mantle OS'~'/ Osls6 ratios average about 1.055. Whatever the role of enstatite chondrites 
in formation of the Earth and Moon, it seems unlikely that the late influx providing the 
highly siderophile elements in the mantle was of enstatite chondrite composition [7]. 
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fable 1: Murrr o f  I ud 0s. md 0s irotoplc 
tolposltim inantatit@ chmdri* 

Pi WZhm 56.62 0.68 608.5 4.7 1.084 
Abee 60.50 0.85 652.9 6.5 1.079 
Adhi Koe ,67.55 0.94 732.5 8.0 1.109 
Indarch 52.02 0.67 668.6 8.0 1.077 
Indarch 56.64 0.74 623.1 6.2 1.071 
Jajh D.h Kot balu 61.07 0.79 722.6 5.6 1.074 
St Itarks 59.96 0.W 666.9 5.5 1.085 
Daniel's Kuil 62.51 0.76 650.0 5.6 1.0% 
Hvlttls 70.73 0.99 765.3 7.6 1.058 
Khairpur 39.45 0.59 417.6 4.1 leOW 
Pfllisthr 82.15 1.15 912.4 8.: 1.081 
A1 his 48.51 0.78 608.7 5.7 1.068 
uighei ~4.92 0.77 628.7 5.8 i.on 

Table 2: eapvlz~ o f  Data for Re md 0s bbmdmus 
in Enstatit@ thondritrr 

Type Uetrorltr OS,PP~ 
TbiPePrtl#r This Othar 

Ref. 

Yark Values York Values 

Pingzhrn 
Abee 
Adhf Kat 
Indarch 

Daniel's Kuil 
Hvlttis 

Jajh d. K. L. 
Khairpur 

Pilli stfer 

Figure 2. Re-0s isochron plot showing new 
enstati te and carbonaceous chondri te data. Sol id 
1 ine represents chondrite isochron [3], dashed 
1 ine represents iron meteorite i sochron 183, 
Figure 1. (a)  0s isotopic compositions for 
chondrites show limited overlap between groups. 
(b) 0s isotopic compositions of modern mantle 
xenoliths resemble carbonaceous chondrites. 
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