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RHENIUM- OSMIUM ISOTOPE SYSTEMATICS IN IIAB and IIIAB IRON METEORITES. 
J.W. Morgan1, M.F. Horan', R.J. ~ a l k e 3 ,  M.I. Smolia? and J.N. Grossman', 'u.S. Geological 
Survey, Reston, VA 22092, 2Dept. of Geology, Univ. MD, College Park, MD 20742, 

Using negative thermal ionization mass spectrometry, Re and 0 s  abundances were determined by isotope dilution 
and lf10sPs80s isotopic ratios were measured in 16 samples of eight irons from each of the IIB and IIIB subgroups, 
and in one sample of Treysa IIIB (anomalous) meteorite. Also analyzed were two IIA and 12 samples of seven IIIA 
iron meteorites, in addition to those reported previously [I]. The purpose of this work is to examine the behavior 
of Re and 0 s  during asteroid core formation, and where possible, constrain the relative ages of the various irons. 

For this study, meteorites were dissolved by a combined acid dissolution - alkaline fusion technique which 
yielded Re blanks for each set of B sub-group analyses, of 50.7 i 9.4 pg Re (2-0). These values represent a 
considerable improvement over blanks reported in our previous iron meteorite papers; 100 pg Re [l] and 250 pg 
[2]. Nevertheless, for B subgroup irons with 1 ppb Re or less, the uncertainty in the blank correction introduced 
errors of 1 to 2 % in the abundance determination. Osmium blanks for the B subgroup runs were approximately 3 
pg, with ca. chondntic 1s70sP880s. This blank introduced insignificant error even for the lowest 0 s  abundance 
samples. 

IIAB Iron Meteorites. 
Log plots of Re versus 0 s  data for IIA and IIB irons describe straight lines that converge on Lombard, a 

IIA iron with the lowest Re and 0 s  abundances and highest '87Re11*0s measured to date. The precisely linear IJA 
trend (slope = 0.776 f 0.013) is most simply (and exactly) explained by fractional crystallization with constant 16, 
even though laboratory experiments may argue otherwise [3-4](Figure 1). Thus, although we now have a larger and 
more precise database, the interpretation of the chemical evolution of the IIA irons has not changed since our earlier 
work [2]. The IIB iron trend cannot be explained via simple fractional crystallization with a constant k,,. One 
possibility is that small amounts of Re and 0 s  were added to the asteroid core during the final stages of 
crystallization [5]. In addition, some of the chemical and isotopic (see below) variability observed in the IIB irons 
may be due late stage crystallization occurring in isolated pockets at different times, perhaps as dendrites [61. 

The combined isotopic data for IIA irons from Horan et al. [I] and the present work (new samples of 
Negnllos and Bennett County) are plotted on a 1f10s~S80s VS. 1mRe/1s80~ i m h n  (Fig. 2), giving the following 
results: slope = 0.07811 f 0.00082; intercept = 0.09602 + 0.00051; age = 4589 + 47 Ma (neglecting the error in the 
decay constant of ca. 3 % [7]). Comparable quality Re-0s data were obtained for four IIB iron meteorites (Navajo, 
Sandia Mountain, Mount Joy, Smithsonian Iron) which have Ni contents lower than 6 % and correspondingly high 
Re and 0 s  abundances. Of these, only Mount Joy lies within uncertainty of the IIA isochron. The three remaining 
low-Ni IIB irons lie an average of 0.9 _+ 0.2 % above the IIA iron isochron, well beyond analytical uncertainty (Fig. 
2). These meteorites cover a limited range of lflRe/lssOs (0.60 to 0.76) and define an imprecise isochron with: slope 
= 0.07916 f 0.00496, intercept = 0.09669 k 0.00348, age = 4648 + 280 Ma. This age is insufficiently precise to 
distinguish an age difference from the IIA (k Mount Joy) isochron. We speculate that these three irons crystallized 
significantly after the IIA irons and Mount Joy, perhaps in an isolated melt pocket that remained hot for several tens 
of millions of years following initial core crystallization. This is plausible only if the Re/Os of the melt was 
sufficiently high. In the case of the IIAB parent body, the time available to develop a rdogenic signature was likely 
restricted to less than about 50 Ma, thus requiring an enviroment with 1s7Re/1s80s 2 1.2. Indeed, for reasonable 
choices of k,,, the liquid in equilibrium with Lombard likely had a ' " ~ e / ' ~ O s  of approximately 1.2. 

Four IIB iron meteorites with greater than 6 % Ni (Central Missouri, DRPA, Sao Juliao de Moriera, Santa 
Luzia) have relatively low Re and 0 s  abundances (ca. 1 ppb Re and 10 ppb 0s). Because of the uncertainty in the 
Re blank, the error in 1flRe/'880s range hom 1 to 3%. Triplicate analyses of Sao Juliao de Moreira all plot above 
the IIA isochron, suggesting that it may be related to the Navajo (late crystallization) subgroup. The remaining IIB 
iron meteorites plot on or below the IIA isochron and all points fall within error of the line. This is consistent with 
crystallization soon after the IIA irons crystallized. When these data are added to the IIA isochron, there is little 
change except for a slight improvement in the uncertainty: slope = 0.07802 f 0.00063, intercept = 0.09604 f 
0.00035, age = 4584 f 36 Ma. One of these IIB irons, DRPA 78009, incorporated excess ""Ag at the time of its 
formation [81. As a result of the Re-0s isotopic differences, we predict that the Navajo IIB subgroup, with elevated 
0 s  isotopic compositions, should contain little or no excess lo7Ag. 
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IIIAB Iron Meteorites. 
The IIIAB system is chemically much more complicated than the IIAB system [6]. Rhenium and 0 s  

abundances for IIIA irons with the highest concentrations (Henbury, Costilla Peak, Casas Grandes) do not replicate 
as well as the IIA data, but IIIA irons with lower abundances do (Loreto, Trenton, Charcas, Tamaragul). The IIA 
hexahedrites are essentially single crystals and are clearly more homogeneous than IIIA medium octahedrites, 
particularly at the 0.15 to 0.25 g sampling size used for Costilla Peak and Henbury. Poor replication of 
concentrations, therefo~e, is most likely a function of meteorite heterogeneity. The mA irons are also not 
isochronous, unlike the IIA irons. A regression fit of 15 IIIA iron data yield: slope = 0.08071 f 0.00241, intercept 
= 0.09537 f 0.00128; age = 4736 f 140 Ma. 

Abundances of Re and 0 s  in the IIIB iron meteorites examined (Grant, Campbellsville, Tieraco Creek, 
Narraburra, Chupaderos, Wonyulgunna, Thurlow, Mount Edith) are much lower than those for the IIlA irons; 0.7 
to 4 ppb Re and 4 to 27 ppb 0s. As with the IIB irons, error in the Re determination is 1 to 3% for the samples with 
the lowest abundances of Re because of the uncertainty in the Re blank Two of the IIIB irons, Grant and 
Campbellsville, fall squarely on the IDA isochron giving a combined isochron with: slope = 0.08108 f 0.00152, 
intercept = 0.09523 f 0.00087, age = 4756 & 86 Ma. This age is too old, even given the 3% uncertainty in the lS7Re 
decay constant. It is probably the result of several factors including the crystallization of IIIAB irons over several 
tens of millions of years and perhaps some post crystallization disturbances to the Re-0s system. These possibilities 
are currently under investigation. 
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Figure 1. Re and 0 s  abundances in IIA 
and IIB iron meteorites are plotted on a 
log-log scale. Lombard, shown with an 
arrow, has the largest R e p s  ratios and 
occurs at the break in abundances 
between IIA and IIB irons. 

Figure 2. IIAB iron meteorite isochron. 
The IIA irons form a well-defined 
isochron. Most IIB iron meteorites fall 
within uncertainty of the isochron. 
However, Navajo, Sandia Mountain 
Smithsonian and Sao Juliao del Moriera 
lie ca. 0.9 % above the IIA isochron. 
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