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The timing of events leading to the formation of silicate-rich and metal-rich regions in 
planetesimals remains an important problem in the study of planetary formation and 
differentiation in the early solar system. The IAB irons are especially important as they are 
considered to represent a magmatic differentiation series [I]. Iron meteorites present a 
particular challenge for chronological studies, due to the relative paucity of phases serving as 
hosts for radioactive parent-daughter nuclides. Recent work using the Re-0s system, 
following on the pioneering work by Herr et al. [2] and Luck and Allegre [3], appears 
promising, but investigations up to now have concentrated on whole rock isochrons. Silicate 
clasts enclosed within iron meteorites can provide information about the chronology and 
thermal history of irons. Extensive work on Rb-Sr, K-Ar, and I-Xe has been reported on 
silicate inclusions in iron meteorites [4-91. We report the initial results from our Sm-Nd study 
of an inclusion within the Caddo IAB iron, the first Sm-Nd isotopic study of a silicate clast 
embedded within an iron meteorite. Our results include measurements of the standard long- 
lived 147Sm-l43Nd ( T= 152 AE) system, as well as the shorter-lived 146Sm-142Nd ( Z-= 
0.149 AE) system, which has been shown to be very useful in deciphering the history of the 
early solar system [lo-151. The Caddo silicate clast was described by Palme et al. [16], who 
kindly provided us with a major part of the inclusion. The inclusion is coarse-grained, 
consisting predominantly of olivine, clinopyroxene, and plagioclase, with lesser amounts of 
orthopyroxene, Fe-Ni metal, sulfide, and phosphate. The relatively large grain size (up to 3 
rnrn) and 120' grain boundaries suggest extensive metamorphism at high temperature. Based 
on study of a thin section, there is evidence for metal invading along grain boundaries in some 
regions of the inclusion, suggesting that the Fe-Ni metal was molten when the silicate clast 
was incorporated. Metamorphic recrystallization may have occurred during this event. 

We obtained a mineral separate of plagioclase by heavy liquid and magnetic separation 
techniques and a clinopyroxene separate by hand-picking prior to density separations. 
Samples used for Sm-Nd were lightly leached in cold 2.0 N HC1 for 10 minutes prior to 
dissolution in order to remove any surface weathering products and adhering hosphate. We P measured Sm and Nd concentrations and isotopic ratios of 142~d/1MNd and 4 3 ~ d / 1 4 4 ~ d  on 
samples of plagioclase (PL) and clinopyroxene (CPX); the results are given in Table 1. The 
Sm and Nd concentrations and fractionation are consistent with the ion probe measurements 
of Palme et al. [16]. CPX, by virtue of its high abundance and REE concentrations, is the 
dominant carrier of the REE in this inclusion. PL has an extreme LREE enrichment, with an fSc@t value of -0.76 relative to chondrites, while CPX has a nearly chondritic S a d  ratio. 
The LREE enrichment in PL has led to a very low measured el43 value of -88.0 EU. The 
correlation of the 1 4 3 ~ d / l ~ ~ d  and 147~m/1M~d  ratios defines a slope corresponding to an 
age of 4.41kO.03 AE, with an initial ~143  of -2.6M.3 EU (Figure 1). This "age" should be 
regarded with caution until further data are obtained to establish more than a two point-two 
phase correlation. For PL, the El42 value of -2.4 EU is the lowest ever measured, thus 
providing an upper limit on the solar system initial El42 value. This is consistent with the 
extreme SrnfNd fractionation and Sm depletion in this separate. The 1 4 2 ~ d / 1 M ~ d -  
147~nd lM~d  correlation defines a slope corresponding to 146~m/1M~m(~)  = 0.009M.0021, 
and an initial el42 of -3.2M.5 eu (Figure 2). This initial 146Sm/144Sm ratio is higher than 
would be expected for the 147Srn-143~d age; we believe the short-lived 146Sm-142Nd system 
provides a more reliable fine scale chronology than the long-lived system. The large deviation 
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of the plagioclase Sm/Nd ratio from the chondritic value allows calculation of a model 
146Sm/144Sm value (RMCHUR) for the time at which the mineral was isolated from a 
chondritic source. RMCHUR is given by ~ ~ ~ ~ / ( 3 5 4 . 3 * e ~ $ i ) ,  which for PL yields a value of 
146Sm/"%m = 0.0089kO.0013. These 146Sm-142Nd data clearly show that the Caddo silicate 
inclusion formed or underwent high temperature metamorphism early in solar system history, 
probably within the first 50 m.y. In Table 2, we compare the Caddo Sm-Nd results with 
mesosiderite data obtained in this laboratory [13,14]. Inferred initial 146Sm/144Sm ratios of 
mesosiderites are generally lower than the value reported here for Caddo, and initial El42 
values are higher. These results suggest that mesosiderites have had an extended thermal 
history, probably due to intense bombardment near the surface of their parent body, while the 
Caddo iron quenched below Sm-Nd closure temperature 20-70 m.y. earlier. Insofar as Caddo 
is representative of IAB irons, we now have a basis of directly comparing the ages of these 
planetary metal segregates by direct dating of both silicate and metal phases. It appears that 
core segregation on planetesimals took place very early in solar system history. 
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Table 1. Sm-Nd results from Caddo silicate inclusion. 

Weight Sm Nd 147Sm/144~d f :gfj El43 El42 

(mg) (ppm) 

Clinopyroxene 24.2 3.5 10.0 0.202 0.028 0.7 f 0.4 0.4 f 0.3 
Plagioclase 76.1 0.031 0.40 0.0470 -0.761 -88.0 f 0.4 -2.4 f 0.4 

Table 2. Caddo and mesosiderite Sm-Nd data . 
143Nd Sample 143Nd age 146Sm/1%m(I) EI4*(I) 

1 4 4 ~ d  - . . . . , . . . . I . E l 4 3  
(AE) 

Caddo Silicate Inclusion - 50 Caddo 4.41 0.0099 -3.2 
0.51 4 - Vaca Muerta p. 5 4.42 0.0042 -1.6 

. T = 4.41kO.03 AE Vaca Muerta p. 12 4.48 0.0058 -0.1 
- E143(T) = -2.6S.3 Vaca Muerta p. 16 4.48 0.0059 -1.6 

Mt. Padbury 4.52 0.0059 -1.9 
0.512 - - 0 Monistown 4.47 0.0075 -2.1 
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