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High precision ages of primitive igneous meteorites are of considerable interest since they provide insight 
into time scales involved in the accretion and differentiation of the parent bodies for these meteorites. Moreover, if 
these absolute ages can be well correlated with high resolution relative ages determined from extinct radionuclides, 
the time intervals between (1) the most recent nucleosynthetic event that contributed to the early solar system raw 
material and formation of the first solid bodies and (2) the formation of the parent bodies of different primitive 
meteorite groups could be better constrained. In previous work [ l ,  21, it has been shown that the eucrite Chervony 
Kut (CK) has preserved evidence for the presence of live 6 0 ~ e  (half life -1.5 Ma) and 5 3 ~ n  (half life -3.7 Ma). 
Further, based on a comparison of the 5 3 ~ n / 5 5 ~ n  ratios in CK and the angrites (for which precise Pb-Pb ages are 
also available [3]), it was indicated that CK crystallized -5.5 Ma before the angrites and that its absolute age may 
be as old as 4.5633 2 0.0010 Ga [2], which is significantly older than previously determined absolute ages for other 
eucrites. If this is indeed true, then a comparison with the Pb-Pb ages of Allende CAIs [4] yields the surprisingly 
short time interval of less than 6 Ma for the accretion and complete differentiation of the eucrite parent body. It is 
clear from the above discussion that it would be important to compare the chronology indicated for CK by the 53h/ln 
relative chronometer to that determined from other radiometric methods and, in particular, to obtain a high 
precision absolute age for this meteorite using long-lived radioisotopes. To this end, we have made Sm-Nd 
isotopic and concentration measurements on pyroxene (Px) and plagioclase (Pl) mineral separates as well as on CK 
bulk rock (Tr) in order to study the 1 4 7 ~ m - 1 4 4 ~ d  and 1 4 6 ~ m - 1 4 2 ~ d  systematics of tlus eucrite. We recognize that in 
the current state of technology the Sm-Nd chronometer cannot resolve the apparent 5.5 Ma formation time 
difference between CK and the angrites indicated by the 5 3 ~ n  chronometer, but it is still important to ascertain that 
these two chronometers are consistent. 

Fig. 1 shows the ' 4 7 ~ m - ' 4 4 ~ d  systematics of CK. The slope of the best fit line to the data is 0.0304 + 2 
(20) corresponding to a Sm-Nd "age" of 4.58 + 0.03 Ga with an initial 1 4 3 ~ d / ' 4 4 ~ d  ratio of 0.506839 i 44. This 
initial value is considerably higher than expected and, moreover, from the inset in Fig. 1 it is clear that none of the 
data points actually lie on the best fit line. It is evident, therefore, that the best fit line to the data does not, in fact, 
represent a true isochron and has no strict age significance. In contrast, the 1 4 6 ~ m - ' 4 2 ~ d  systematics of CK are 
well behaved (Fig. 2). Due to the relatively large SmNd variations, the I4'Nd excesses from the decay of the short- 
lived radionuclide I4%m (half life -103 Ma) are clearly resolved and define a good isochron. This isochron 
corresponds to an 1 4 6 ~ m / 1 4 4 ~ m  ratio (at the time of isotopic closure for CK) of 0.0069 + 15 and an initial & I 4 2  

(which is the deviation in parts per lo4 of the ' 4 2 ~ d / ' 4 4 ~ d  ratio from the terrestrial standard value) of -2.65 F 0.66. 
It is important to note that these values are essentially the same as those obtained for the angrites (i.e., 0.0071 2 17 
and -2.57 + 0.62, respectively [3]). This indicates that, within the time resolution of the I4%rn chronometer (-15 
Ma at best), the ages of CK and the angrites are the same, i.e., 4.55 2 0.03 Ga. 

In an earlier study of the ' 4 7 ~ m - ' 4 4 ~ d  systematics of CK? Wooden et al. [j] obtained an age of 4.70 F 0.33 
Ga with an initial ' 4 3 ~ d / ' 4 4 ~ d  ratio of 0.50642 2 46 (renormalized). Although these authors stated that CK 
isotopic systematics appeared to be disturbed, they suggested that the low initial ' 4 3 ~ d / 1 4 4 ~ d  ratio determined by 
them may still be real. From the data presented in this study, it is evident that the ' 4 7 ~ m - ' 4 4 ~ d  systematics of CK 
are indeed disturbed, although its 1 4 6 ~ m - ' 4 2 ~ d  systematics appear to have remained unaffected. Tlus can be 
reasonably explained in the light of a model proposed by Prinzhofer et al. [6] to account for the apparent 
inconsistency between the young ' 4 7 ~ m - ' 4 4 ~ d  ages of two primitive differentiated meteorites (Ibitira and 
Morristown) and their initial 1 4 6 ~ m / 1 4 4 ~ m  and El42 values which seemed to indicate a significantly older formation 
age. According to this model, the above noted discrepancy can be interpreted in terms of a short episodic 
disturbance whereby there was partial reequilibration of the rare earth elements (REEs), predominantly between 
plagioclase (which has very low REE abundances) and phosphates (which are the primary FEE carriers), at times 
substantially younger than 4.4 Ga. As a result of such a reequilibration the plagioclase would be most altered 
while the phases with the considerably higher REE abundances, i.e., phosphates and pyroxene, would remain 
essentially unaffected. Therefore, while the 1 4 7 ~ m - ' 4 4 ~ d  isochrons would be partially reset, the ' 4 6 ~ m - ' 4 2 ~ d  
systematics would not be resolvably altered. We believe a similar late metamorphic disturbance must have affected 
CK. However, since our pyroxene separate from CK has considerably lower FEE abundances than those from 
Ibitira and Momstown [6], it is possible that it was also affected by the reequilibration event. Tlus may be 
reflected by the fact that a line regressed through just the "Tr" and "Px" data points corresponds to an implausibly 
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old age (4.71 + 0.03 Ga) and low initial ' 4 3 ~ d / ' 4 4 ~ d  ratio (0.506576 2 59). Moreover, if the "Tr" data are 
corrected for radiogenic growth over 4.56 Ga, the resulting initial ' 4 3 ~ d / ' 4 4 ~ d  ratio is similar to that of the angrites 
[3]. This lends credence to our hypothesis that both plagioclase and pyroxene in CK were affected by partial 
reequilibration and that, within the resolution of the Sm-Nd chronometer, the ages as well as initial ' 4 3 ~ d 1 1 4 4 ~ d  
ratios of CK and the angrites are the same. Therefore, our results show that the Sm-Nd age of CK is indeed 
consistent with that indicated by the 53Mn relative chronometer. 
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Figure 1. 147~m-1%d evolution 
diagram for CK (2a errors are 
smaller than plotted symbols); Pi = 
plagioclase, Tr = total rock, Px = 
pyroxene. The best fit line through 
the data corresponds to an "age" of 
4.58 2 0.03 Ga with an initial 
143~d/'%d ratio of 0.506839 5 44 
(20). The deviations from t h ~ s  best 
fit line are shown in the inset figure. 
As can be seen from these 
deviations, the best fit line does not 
represent a true isochron and, 
therefore, has no strict chronological 
sig~lificance. 

4 Figure 2. 1 4 6 ~ m - 1 4 2 ~ d  evolution 

3 diagram for CK, plotted as 6142 VS. 

'"sm/'%d ratio. 6142 is the 

2 
deviation of the measured 
I4'~d/'%d ratio in parts per lo4 

1 
from the average terrestnal value 

(Y (1.141834 2 11). The dotted lines 
f show the range of uncertainty (2a 

hI 0 mean) in the standard values. The 
best fit line through the data 

- 1 corresponds to an initial l a ~ m / l M ~ m  
ratio of 0.0069 + 15 with an initial - 2 El42  of -2.65 + 0.66. These values 
are essentially the same as those 

- 3 determined for the angrites [3] 

0.00 0.02 0.04 0.06 0 -08 indicating that, within the resolution 
144Sm/144Nd of this chronometer, the ages of CK 

and the angrites are the same. It 
should be noted that for a chondritic 

'"~m/'%d ratio of 0.0403, there is no significant deviation of the isochron in 6142 from the terrestrial normal, indicating that 
the CK source had a chondritic SmrNd ratio. 
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