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The U-Th-Pb isotopic systematics of MET 78008 Ca-rich ureilite is reported. The extensive acid 
leaching procedure was used to eliminate terrestrial Pb contamination since the amount of U, Th, and Pb 
are highly depleted in the meteorite. The Pb-Pb age of the residues is 4527 f 29 Ma and U-Pb concordia 
diagram gives upper intercept ages of 4565 f 46 Ma and 4581 f 31 Ma. All these ages are significantly 
older than the Sm-Nd and Rb-Sr age of 4.1 Ga previously reported from the same meteorite. The result 
strongly indicates that the formation of the ureilite is as old as 4.56 Ga 

None of the formation theory of ureilites were completely successful to explain all the characters 
of ureilites, which show both igneous processes, such as ultramafic mineralogy (olivine and pyroxene) 
and depletion of incompatible trace elements, and nebular signature, such as oxygen isotopic 
heterogeneity. As a key to solve the problem, several authors investigated the Sm-Nd and Rb-Sr systems 
of some ureilites and obtained relatively younger ages of 4.1 Ga for MET 78008 [I], 3.7 Ga for Kenna 
[2], and 4.2 Ga for PCA 82506 [3] . However, these authors also discussed that original formation age of 
ureilite might be as old as 4.55 Ga because some of whole rock data of ureilites lie on 4.55 Ga Sm-Nd 
isochron. Goodrich et al. (1991) explained the younger ages as later metasomatic event to the parent 
body of ureilites. In our previous work, the U-Th-Pb and Sm-Nd systematics of Goalpara ureilite were 
examined for the mineral separates by applying acid leaching experiment [4,5]. For the Sm-Nd system, 
the linear trend in the Sm-Nd isochron diagram, the same as 3.7 Ga isochron from Kenna [I], was 
obtained. However, leaching experiment showed that elemental ratios of Th/U and Sm/Nd and isotopic 
compositions of Pb and Nd in all the acid leachates are contaminated by terrestrial average crustal 
composition. Even acid residues showed a large amount of excess radiogenic Pb and Pb-Pb system was 
basically made of mixing of modem terrestrial Pb (MT) and primordial meteoritic Pb (CDT). Because 
Goalpara is highly depleted in U, Th, Pb, Nd, and Sm (0.001-0.1 times CI chondritic abundance), only a 
small amount terrestrial contamination affected significantly to the isotopic systematics. Therefore, no 
meaningful ages could be obtained from U-Th-Pb and Sm-Nd isochron diagram due to a disturbance 
from terrestrial contamination. However, the U-Pb concordia diagram resolved the effect of 
contamination from radiogenic composition. Because the U-Pb concordia diagram use two different 
decay modes of 238U-206Pb and 235U-207Pb, the data from Goalpara plot along the mixing line 
between terrestrial Pb composition and the radiogenic composition from the decay of U. The intercept of 
the mixing line to the concordia curve gives the age of 4550 f 30 Ma. For this reason, we concluded that 
the formation age of Goalpara is as old as 4.55 Ga and the Sm-Nd young isochron age is artificial by a 
mixing effect between highly depleted ureilite composition (high Sm/Nd and 143Ndf144Nd isotopic 
ratio) and terrestrial composition (low Sm/Nd and low 143NU144Nd ratio) [S ] .  

MET 78008 allocated from National Institute of Polar Research weighed 4.49 g as a several 
pieces. One of the pieces showed green color which is different from others and contained a lot of 
interstitial carbon-metallic phase so that we separated this piece from others (here after called as GR). 
Under the binocular microscope, GR contained more augite than olivine. The rest of the sample was 
crushed gently into the powder and sieved into three, 300-150 pm, 150-63 pm and ~ 6 3 ~ .  From the 
coarse-grained fraction, olivine and augite grains were hand picked. The middle grain sized fraction was 
separated by a hand magnet and non-magnetic fraction was further separated into four by Frantz 
isodynamic separator (here after called as M1, M2, M3, and M4, from the least magnetic to the most 
magnetic). The fine grained fraction was used as whole rock sample (here after called as WR). Leaching 
experiment was applied to five mineral separates as follows; Augite, M3, M4, WR, and GR. These 
samples were washed by ethanol and acetone, and then leached successively by 0.1N HBr (first leach), 
1N HN03 (second leach) and 7N HN03 (third leach). The final residues were dissolved by HF-HN03 
mixture. 

So far, we obtained preliminary results of U-Th-Pb data of second leachates and residues. The 
concentration of U and Th are 0.3-0.6 ppb and 1.0-2.3 ppb, respectively, which are significantly higher 
than those in Goalpara. The concentration of Pb in the residues and second leaches are 4.2-6.6 ppb and 
1.9-33.3 ppb, respectively. Especially Pb in second leachates are much lower than those of Goalpara of 
20-470 ppb, indicating MET 78008 contains less terrestrial Pb than Goalpara. The 206PbD04Pb ratios of 
residues are less radiogenic and varies between 11.9 and 21.3. As shown in Fig. 1, all the residues plot 
along the line which is above the mixing line between CDT and MT, while second leachates are plot close 
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to the modem terrestrial composition, indicating that the terrestrial Pb component was removed by the 
leaching procedure. Using Pb-Pb data of the four residues except for WR which plot slightly closer to 
MT, the Pb-Pb isochron age of 4527 f 29 Ma is obtained. This isochron passes CDT composition within 
a error of the regression. Using the two less radiogenic data, GR and Augite, the slightly older isochron 
age of 4566 f 25 Ma is obtained. 

In Fig. 2, U-Pb and Th-Pb data of three residues, augite, M4 and GR, are shown. The most 
radiogenic data M4 plots above the 4.56 Ga chondritic isochron, indicating that M4 may contain a small 
amount of excess radiogenic Pb form terrestrial contamination. The U-Pb concordia diagram of these 
three data in Fig. 3 also indicates the terrestrial contamination effect on M4. In this diagram Augite and 
GR plot inside of the concordia curve, while M4 plot outside of concordia curve. Linear regression of 
these three point gives the intercept of concordia curve of 4565 f 46 Ma. As discussed in our previous 
work [5], this line may be explained as a mixing line between radiogenic composition corresponds to 4.56 
Ga and CDT corrected 207Pb*1206Pb* value of modem terrestrial Pb (0.567). Since both GR and Augite 
data plot inside of concordia curve, there might be Pb loss by some late event, such as last evacuation 
from parent body. These two data gives the discordia line with upper intercept of 4581 * 32 Ma and 
lower intercept of 500 f 2100 Ma. Therefore, if there were some late disturbance to lose Pb, it would not 
be the same as 4.1 Ga Sm-Nd and Rb-Sr isochron age [I]. According to the present U-Th-Pb data of 
MET 78008, this meteorite might be formed as old as 4.56 Ga and may not be younger than 4.50 Ga, 
which is the lower limit of Pb-Pb isochron age. It may be possible that formation age of ureilites are 
consistent with so-called 4.55 Ga "canonical age" of meteorites. For further confirmation, we are 
proceeding Sm-Nd dating of the same samples. 
[I] Takahashi and Masuda (1990) Meteoritics 25,413. [2] Goddrich et al., (1991) G.C.A. 40,55, 829- 
848. [3] Goodrich and Lugmair (1992) LPSC XXIII, 429-430. [4] Torigoye et al., (1993) Meteorites 28, 
450451. [5] Torigoye et al. (1993) submitted to G.C.A. 
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