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RHENIUM-OSMIUM ISOTOPE SYSTEMATICS OF ORDINARY CHONDRITES AND 
IRON METEORITES. R.J. Walker, Dept. of Geology, Univ. MD, College Park, MD 20742, J.W. 
Morgan, M.F. Horan and J.N. Grossman, U.S. Geological Survey, Reston, VA 22092 

Using negative thermal ionization mass spectrometry, Re and 0 s  abundances were determined by isotope dilution 
and ' " O ~ r ~ 0 s  measured in 11 ordinary chondrites, and also in 1 IIB and 3 IIIB irons. In addition, '860s/'%s and 
'890s/1p80s ratios were precisely determined for 3 unspiked ordinary chondrites as a means of constraining the 
intensity of any neutron irradiation these meteorites may have experienced. 

Ordinary Chondrites. The H-group ordinary chondrites examined by this study were chosen both to span the 
maximum range of metamorphic temperatures (H3 to H6), and because they are unshocked or lightly shocked. Where 
comparisons are possible, Re and 0 s  elemental abundance data agree well with previous determinations [1,2]. Our 
other results fall within the H chondrite range previously determined, except Changde (H5), which falls squarely in 
the L chondrite range [I]. The '"Os11860s and 1mRe/1860s ratios for these whole-rock chondrite samples range from 
1.055 to 1.089 and from 3.419 to 4.016, respectively. The range in 0 s  isotopic compositions and ReDs ratios 
contrasts with the generally higher and more variable '"Osr860s and '"Rers60s ratios reported for metal separated 
from ordinary chondrites (1.067-1.164 and 3.82-5.00, respectively) [3]. We note that several of the samples analyzed 
by Luck and Allegre [3] are moderately to heavily shocked [2]. Our data, except Xingyang, plot systematically below 
the IIA iron meteorite isochron of Horan et al. [4], however, they do not form an isochronous array (Table 1 and 
Figure 1). & values (per mil deviation of '"Osr%s from the IIA isochron which is defined as having a 
slope=O.07824 and an initial '"0~/~860s=0.8007 [4]) range from +7.1 to -36.7. There is no correlation between 
metamorphic grade and A,,, value. Three of the meteorites were analyzed in duplicate. The & values for duplicate 
analyses of two (Forest Vale and Forest City) agreed well, whereas duplicate analyses of Allegan did not agree well. 

There are a number of possible explanations for the isotopic heterogeneities observed in these H-chondrites, 
and their offsets from the IIA isochron. For example, Forest Vale falls about 36 per mil below the IIA isochron, with 
duplicate analyses giving a model age of about 3 Ga These results could be consistent with a later major 
reequilibration event occurring approximately 1.5 billion years following accretion, however, this meteorite shows 
no evidence of *Ar loss (age = 4.52fl.03 Ga [S]). Evidence of substantial neutron irradiation has been found in 
Forest Vale metal [6]. Since '"0s has a high neutron capture cross section, we considered the possibility of neutron 
burn-up leading to depletion of this isotope. Measurable loss of lmOs would necessarily lead to significant, but 
smaller, variations in other 0 s  isotopes. 0 s  isotope ratios were measured on unspiked samples of Allegan, Forest 
City and Forest Vale, meteorites with average & values of -0.5, -16 and -35, respectively. Except for variations in 
'"Os, no variations between meteorites were noted in the isotopic ratios of any other isotopes above the 0.5 per mil 
level of resolution. From the lack of detectible deviation in '860sraOs ratios, we estimate a maximum neutron 
fluence of 5 x 10'8/mz, implying a change in '"Os/'%s of no more than 1.3 per mil. 

The isotopic variations could also conceivably be the result of: 1) chemical differentiation in some portions 
of the solar system during its first 100 million years, 2) primordial heterogeneities, or 3) alteration, reequilibration, 
or contamination processes that occurred long after initial accretion. For example, a negative & offset of as much 
as 5 could be the result of early accretion, followed by evolution of the parent body for the IIA irons with an average 
'87Re/'%s 2 6 for 50-100 Ma. Thus, the IIA irons may have a substantially younger Re-0s closure age than these 
H-chondrites. This scenario, however, would only be consistent with a single offset from the IIA isochron, and 
cannot account for variations among the meteorites that presumably come from the same parent M y .  It also requires 
that the IIA parent body evolved with a ~ i ~ c a n t l y  higher time-integrated Re/Os ratio than any known chondrites. 
Those chondrites with the larger variations from the IIA isochron must reflect either primordial heterogeneities, or 
the result of processes that occurred much later in the history of the solar system, such as reequilibration, or late 
stage alteration/contamination. These possibilities will be evaluated via the careful examination of individual 
chondrite components. 

Irons. Reexamination of the Re-Os systematics of IIAB and IIIAB irons that were previously examined by the 
less-precise resonance ionization technique has continued [7]. New data are provided in Table 1. The single IIB 
examined, Centrid Missouri, has a & value of +7.7. This value is within uncertainty of the value reported for Mount 
Joy (+9.9)[41. Together, the two samples hint that a IIB isochron may have nearly the same slope as the IIA 
isochron, but with a substantially higher initial ratio. Two of the IIIB irons have A,,, values within analytical 
uncertainty of the IIA isochron, suggesting very similar systematics to the IIA's. The value for Campbellsville, 
however, is +25.7 (not shown in figure), and plots well above the IIA isochron. 
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Table 1. Rhenium and 0 s  isotopic and compositional data for chondrites 
and irons. Concenmtions are given as parts per billion. Uncertainties are 1 and 
2 per mil for '"OsPSbOs and '"Re/'SbOs, respectively, except for the irons with 
uncertainties of 2 and 4 per mil, respectively. & is defined in the text. 

Meteorite 
H3 Dhajala 

sharps 
Bremervorde 

H4 Avanhandava 
Forest Vale 
Forest Vale 

H5 Anlong 
Changde 
Allegan 
Allegan 
Forest City 
Forest City 

H6 Guareiia 
Xingyang 

Group 
IIB Central Missouri 1.428 12.98 1.156 4.428 +7.7 
IIIB Grant 2.673 24.48 1.147 4.394 +2.3 

Campbellsville 3.390 17.89 1.436 7.661 +25.7 
Tierztco Creek 2.879 27.32 1.130 4.240 -2.4 
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Figure 1. & vs. '"RePSb0s plot for whole-rock ordinary chondrites and iron meteorites. h, is the per mil 
deviation in '870sP860s from the IIA isochron. The IIA isochron from Horan et al. [4] is show as a horizontal line. 
It has a slope of 0.7824 and an intercept of 0.8007. 
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