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The origin of mesosiderites is still a matter of intense debate. Their brecciated nature argues 
for an origin by meteoritic impacts a t  a planetary surface, while the mixing with metal in a 
molten stage appears to be hard to reconcile in a near surface environment. Very little 
chronological data have been published on mesosiderites and until recently most of the ages were 
rather young (3.6 to 4.24 Ga by Rb-Sr [1,2], and 3.23 to 4.25 Ga by K-Ar 131) compared to the 4.55 Ga 
age of Juvinas [41. A major heating event, likely a catastrophic collision between two asteroids, 
recorded by the Ar-Ar isotopes [5] around 3.5-3.9 Ga, may have affected some of the isotopic 
systems. A precise chronology of mesosiderites is therefore important to better understand their 
origin. 

For that purpose, a U-Pb, Rb-Sr, and Sm-Nd isotopic study has been conducted on the 
Estherville mesosiderite. Five fractions separated by heavy liquids (pe2.58, 2.58epe2.95, 
2.95epe3.3, 2.95cpc3.3 magnetic, p3.3) and a whole rock fraction were stepwise-leached in HBr 
(0.1N and 0.5N), HCl (2N), and HE' (lN) + HNOQ (2N), and analyzed for U-Pb, Rb-Sr, and Sm- 
Nd isotopes (the U-Pb data were previously reported 161). Seven other fractions (two plagioclase, 
two olivine, two pigeonite, and a whole rock), separated by handpicking, were analyzed only for 
Rb-Sr and Sm-Nd isotopes. Twenty mg of troilite, separated by handpicking, was analyzed for 
Pb isotopes after leaching in very dilute HBr (0.01 N). 

All the Pb isotopic data plot on a 4288 f 85 Ma isochron which has been interpreted as a two or 
more component mixing line 161. Two components were identified, with Pb-Pb and U-Pb ages 
respectively of 4556 f 35 and 4557 f 18 Ma for the first component, and 4422 f 50 and 4437 f 11 Ma 
for the second. The troilite sample presents a very low Pb concentration (37.7 ppb) with Pb isotopic 
compositions similar to the whole rock (206Pb1204Pb = 18.885 f 0.23%, 207PW204Pb = 16.374 f 
0.31%, 208PW04Pb = 38.945 + 0.26%). The U and Th concentrations are also very low (0.936 ppb 
and 3.90 ppb respectively). This troilite is more similar to those found in chondrites [71 than those 
found in iron meteorites [S]. 

The Rb-Sr data are given in Table 1 and shown in Fig. 1. The nine points define a linear 
array corresponding to an age of 4542 f 203 Ma with an initial 87Srl86Sr = 0.699006 + 0.000006. 
The plagioclase fractions and the 2.58cpc2.95 density fraction present the lowest 87Sr186Sr and 
87RbI86Sr ratios. The 2.58epc2.95 density fraction, likely enriched in plagioclase, present also 
similar Sr  concentration (5 60 ppm). The highest Sr concentration was measured in the light 
density fraction (= 80 ppm) which present also a more radiogenic Sr isotopic composition. The 
most radiogenic Sr isotopic ratios were measured in the heavy density fractions, likely enriched 
in OPX They present low Sr concentrations (4 to 8 ppm). The pigeonites have also low Sr 
concentration (2 to 6 ppm), but intermediate Sr isotopic composition. The leaching procedure used 
in this study seems to have affected the Rb-Sr isotopic system. Highly variable 87Rb186Sr ratios 
(0.0014 to 0.05) were measured in the leaches, probably due to Rb-Sr fractionation during the 
leaching procedure. Only a small amount of Rb and Sr  were removed during the HBr leaching 
(= 1.2 and 1.5 % respectively) but much more during the HCI (= 0.8 and 4%) and the HF+HN03 
(7.3 and 38 %) leaching. Only four samples that contained more than 1pg of Sr before leaching 
apparently had unaffected 87RW86Sr and 87Sr/86Sr ratios. The 4.54 Ga age obtained in this study 
compares very well with the 4.53 f 0.26 Ga Rb-Sr age obtained by Murthy et al. [21 on the 
E s t h e ~ l l e  mesosiderite. The initial 87Sr186Sr ratios are also similar within error (0.69903 
f 0.00003). We also analyzed the light density fraction (pc2.581, but did not get a mesostasis 
fraction which showed a high RbISr ratio [21. The small range of 87Sr186Sr ratios (0.699790 t o  
0.70104) explain the rather imprecise Rb-Sr age. 

The Sm-Nd data are given in Table 1 and shown in Fig. 2. Ten points define a linear array 
corresponding to an age of 4534 f 96 Ma with an initial 143Nd1144Nd = 0.506836 f 0.000021. The 
2.58qx2.95 density fraction, likely enriched in plagioclase, present the lowest 143Ndl144Nd and 
147Sm/144Nd ratios. Our plagioclase separate present similar Nd concentration (= 1.4 ppm) and 
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a slightly higher 147Srn1144Nd ratio. The two olivine separates exhibit almost flat rare-earth 
element patterns (147Srn1144Nd = 0.20) and very low Nd concentration (= 0.3 ppm). The highest 
143Ndl144Nd and 147Sd44Nd ratios were measured in the high density fractions (enriched in 
OPX) and in the pigeonite. The pigeonite present slightly higher Nd concentration (= 0.14 ppm) 
compared to the OPX (5 0.09 ppm). In contrast with the Rb-Sr isotopic system, our leaching 
procedure had very little effect on the Sm-Nd isotopes. Small amounts of rare-earth elements 
were leached and more importantly Sm and Nd apparently did not fractionate during the 
leaching procedure. The HBr leaches contain the most Sm and Nd (= 9.9 and 8.8 % respectively), 
while very small amounts were measured in the HCl(= 4.2 and 3.5 %) and HF+HNO3 (= 2.6 and 
2.6 %) leaching. In these leaches, the amount of Nd measured was always extremely low (a 0.98 
ng in the HCl leaches and 0.76 ng in the HF+HN03 leaches). 

The two components with Pb-Pb and U-Pb ages of 4.56 and 4.42 Ga were not distinguished 
with Rb-Sr and Sm-Nd isotopes. However, such heterogeneity may explain the large errors 
recorded (203 Ma for Sr and 96 Ma for Nd). I t  is also possible that these isotopic systems were 
slightly disturbed by a metamorphic event around 3.6 Ga 153. However, the Rb-Sr and the Sm-Nd 
ages confkm that the silicate fraction of the Estherville mesosiderite was formed around 4.5 Ga. 
Such old ages, found also recently in Momstown (4.51 f 0.12 Ga by Sm-Nd, [91), are therefore 
likely for mesosiderites. 
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Table 1 : Sm-Nd a d  Rb-Sr apabrtical data of the Estherville memderite residues. 
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