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Introduction:  It  is widely believed that H chon-

drites, with a variation in metamorphic levels (H3-6), 

reflect the evolution histories of their parent body. One 

of the models explains the variations as “onion shell” 

structure[1]. According to the model, asteroids with 

size of around 100km had thermal stratified structure, 

as a result of internal heating by decay of 26Al (see 

Figure 1). This model claims that H6 chondrites, which 

experienced stronger thermal metamorphism than oth-

ers, were in the inner part of the parent body, and thus 

more heated.  

 
Figure 1. A schematic diagram of the onion shell 

model.  

 

Miyamoto et al. (1982) [2] simulated the thermal 

structure of a parent body of H chondrites. Their result 

suggests that, in the case of an 85km-sized parential 

asteroid, the inner part of the parent body is cooled 

slower and remains above 720K for approximately 50-

100 My after the outer part reached that temperature. 

Trieloff et al. (2003) [1] examined this model by com-

bining several measurements of the metamorphic ages 

for H chondrites. The cooling history they drew was 

consistent with the calculated thermal history of a par-

ent body; the metamorphic ages of H6 chondrites were 

~50 My younger than those of H4. 

In-situ 207Pb-206Pb dating will be helpful for better 

understanding of the thermal history of the parental 

asteroids, although previous studies have not reported 

it enough. Moreover, if the parent body has thermal 

“onion-shell” structure, volatile elements (water and/or 

halogen, for example) can be expected to move from 

the inner part of the parent body to the outer part be-

cause of the heating, and then there would be a nega-

tive correlation between metamorphic levels and the 

contents of volatile elements. In this study, we con-

ducted in-situ 207Pb-206Pb dating and water content 

measurement on two kinds of phosphate grains; apatite 

[Ca5(PO4)3(F,Cl,OH)] and merrillite [Ca7NaMg(PO4)9]. 

 

Samples and Methods: The analyzes were con-

ducted on nine H chondrites with various metamorphic 

levels (See Table 1). Samples were mounted on epoxy 

resin, except H4 Yamato 74371 for water content 

measuring (mounted on indium, to avoid possible con-

tamination to water from epoxy). Phosphate grains 

were identified by SEM-EDX in the Department of 

Earth and Planetary Science, the University of Tokyo, 

or EPMA in Atmosphere and Ocean Research Insti-

tute(AORI), the University of Tokyo. 

We used NanoSIMS at AORI, for both analyses. 

For 207Pb-206Pb dating, ~10m O- beam was used to 

obtain secondary ions of U oxides (UO+ and UO2
+) and 

Pb isotopes. Terrestrial apatite standard “PRAP” was 

used for the dating [3][4]. Moreover, we calculated U 

content from UO2
+/43Ca+ ratios of samples and the 

standard “PRAP” (U content: 196ppm [10]). To meas-

ure water content, 1H- and 18O- ions were measured by 

using 3.9×3.9 m2 rastered Cs+ beam. Because water 

content in merrillite grains is generally too low to 

measure, the water content measurement was conduct-

ed for only apatite grains. Moroccan apatite (water 

content: 0.79 ± 0.16 wt% [5]) was used as a standard 

for water content measurement.  

 
Table 1. Analyzed meteorites. “Y” means that Pb-

Pb dating was conducted. “Epoxy” and “Indium” mean 

that OH content measurement was conducted with 

sample mounted on epoxy resin and indium, respec-

tively. For all samples listed above, U content meas-

urements were conducted. 
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Results and Discussion: The observed 207Pb-206Pb 

ages are summarized in Figure 2. 207Pb-206Pb age of H4 

Yamato 74371 was obtained as 4529 ± 37 Ma, and that 

of H6 Estacado was 4487 ± 37 Ma. U-Pb and Pb-Pb 

ages of other samples were not obtained precisely (un-

certainties of obtained ages were >100My). Pb-Pb ages 

of H4 Y-74371 and H6 Estacado accord each other 

considering of the 2 level uncertainty.  Comparing the 

center values, however, the H4 age is 42 My older than 

the H6 age. This result is consistent with the onion 

shell model, and previous reports [1][6][7]. 

U content of apatite grains in H chondrites is shown 

in Figure 3. U content of samples without precise 
207Pb-206Pb ages was lower (below 2ppm) than those of 

Yamato 74371 and Estacado. The low U content of 

these samples may explain the less precise 207Pb-206Pb 

ages. Also, there may be a positive relationship be-

tween the strength of thermal metamorphism and U 

content in apatite grains. It can be interpreted that the 

stronger the rocks were heated, the more U concentrat-

ed into apatite grains. 

Water content of Yamato 74371 (mounted on indi-

um) was obtained as ~1200 ppm. water content of oth-

er samples mounted on epoxy was apparently influ-

enced by contamination. However, there may be nega-

tive correlation between water content of apatite grains 

and petrologic type of H chondrites. If this is the case, 

the relationship may also be consistent with the onion 

shell model. 

 

 
Figure 2. Obtained U-Pb and Pb-Pb ages. Uncer-

tainties are presented at the 2 level. 

 

 
Figure 3. U content of H chondrite apatite com-

pared with previous reports [7][8][9]. Two samples 

with relatively high U content (3-4 ppm) are H4 Yama-

to 74371 and H6 Estacado. 
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