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Introduction: Basaltic eucrites are crustal materials 

believed to represent the products of mantle melting on 
its parent body, widely believed to be the asteroid 4 
Vesta [1-2]. The age of the igneous event that generated 
basaltic eucrites [3-5] is of primary importance to con-
strain the evolutionary history, including melting and 
differentiation processes of Vesta. Our understanding of 
the eucrite-Vesta connection is expected to improve sub-
stantially as NASA’s Dawn mission has just arrived 
Vesta in July 2011 for a year-long orbiter observation. 
Improving chronological information of basaltic eucrites 
in our collection and strengthening meteorite connection 
with the basaltic flood plain on the surface of Vesta with 
anticipated higher resolution images to be returned from 
Dawn Mission will be both timely and highly desirable. 

With this goal in mind, here we report our prelimi-
nary results of U-Pb and Pb-Pb ages of zircons from five 
basaltic eucrites, including Béréba, Cachari, Caldera, 
Camel Donga and Juvinas. 

Experiment: In-situ isotopic analysis of U-Pb and 
Pb-Pb systems were performed on a large radius mag-
netic sector multi-collector Cameca IMS-1280 ion mi-
croprobe at the Institute of Geology and Geophysics, 
Chinese Academy of Sciences in Beijing. The proce-
dures for Pb isotopic analysis of small zircons are de-
scribed in Zhou et al. [6] and references therein. In order 
to obtain the spot size at the 3-4 µm lateral scale and 
acquire the precision as the conventional SIMS U-Pb 
isotopic measurements with a spot size >>10 µm, we 
have developed some new technologues in this study, 
including (1) The primary oxygen ion beam was tuned in 
Guassion mode of which the primary ions have energy 
distribution like Gaussian distribution in order to maxi-
mize the energy density at the center of a small spot size; 
(2) The oxygen flooding technique which introduces the 
oxygen into sample chamber enhancing the secondary 
Pb+ ion yield, thus improving the precision of 207Pb/206Pb 
measurement; (3) Nuclear Magnetic Resonance control-
ler was used in multi-collector measurements to stabilize 
the magnetic field. Using the above new techniques, we 
are able to successfully date zircon grains with a typical 
spot size < 3×5 µm to meet the challenges of small 
zircons and other suitable U-rich minerals often found in 
eucrite and other extra-terrestrial materials to expand our 
knowledge of the evolutional history for early Solar Sys-
tem.  

Petrography: Eucrites, including Béréba, Cachari, 
Caldera, Camel Donga and Juvinas, are a coarse-grained 

and granular in texture. They are composed mainly of 
plagioclase and pyroxene with minor amount of tridym-
ite, chromite and ilmenite. Zircons as accessory minerals 
are associated with ilmenite in most cases and have sub-
hedral shape with typical size of <10µm. 

Results: Five measurements of U-Pb isotope compo-
sition were obtained on zircon grains in Béréba, and the 
207Pb/206Pb ages are plotted in Fig. 1. The weighted mean 
of 207Pb/206Pb ratios is 0.618 ± 0.008, translating to ages 
of 4551 ± 20 Ma (uncertainties are reported at 95% 
confidence level, with a student t-factor applied for lim-
ited number of repeat analyses) [7]. 

 
 
Fig. 1. The average Pb-Pb age for zircon grains in Béréba. 
 

Three measurements of U-Pb and seventeen Pb-Pb 
isotope compositions were obtained on zircon grains in 
Cachari, and the 207Pb/206Pb ages are illustrated in Fig. 2. 
The weighted mean of 207Pb/206Pb ratios is 0.618 ± 
0.006, translating to ages of 4550 ± 11 Ma [6-7]. 

 
 
Fig. 2. The average Pb-Pb age for zircon grains in Cachari. 

Four measurements of U-Pb isotope composition 
were obtained on zircon grains in Caldera, and the 
207Pb/206Pb ages are present in Fig. 3. The weighted mean 
of 207Pb/206Pb ratios is 0.613 ± 0.034, translating to ages 
of 4542 ± 81 Ma. Due to the limited number of zircon 
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grains available for analyses, the error of weighted aver-
age 207Pb/206Pb age is much larger comparing to the other 
eucrites. 

 
 
Fig. 3. The average Pb-Pb age for zircon grains in Caldera. 

 
Thirty six measurements of U-Pb isotope composi-

tion were obtained on zircon grains in Camel Donga, and 
the 207Pb/206Pb ages are plotted in Fig. 4. The weighted 
mean of 207Pb/206Pb ratios is 0.610 ± 0.004, translating 
to ages of 4533 ±10 Ma which is apparently younger 
than the other four eucrites. 

 
 
Fig. 4. The average Pb-Pb age for zircon grains in Camel 
Donga. 

 
Twenty measurements of U-Pb isotope composition 

were obtained on zircon grains in Juvinas, and the 
207Pb/206Pb ages are presented in Fig. 5. The weighted 
average 207Pb/206Pb age of 4546 ±15 Ma (n=36) in our 
studies is much more reliable than the result of 4527 ±
24 Ma (n=2) with an microprobe of SHRIMP [8] due to 
the more number of analytical points. 

The results for U-Pb and Pb-Pb dating of zircons in 
five eucrite, including Béréba, Cachari, Caldera, Camel 
Donga and Juvinas, are summarized in Fig. 6. There is 
no obvious discrepancy for the 207Pb/206Pb ages from 
different eucrites. The final weighted average 207Pb/206Pb 
age of 4542 ± 6 Ma was obtained for the five eucrites in 
this study. 

Conclusions: The new dating technique developed in 
this study makes it possible to date zircon grains at a 

scale of <5 µm. We hope the technique will stimulates 
more investigations for a wide range of U-rich minerals 
with very small grains in meteorites. Using this method, 
we have obtained the weighted mean of 207Pb/206Pb age 
of 4551 ± 20 Ma for Béréba, 4550 ± 11 Ma for 
Cachari, 4542 ± 81 Ma for Caldera, 4533 ± 10 Ma for 
Camel Donga and 4546 ± 15 Ma for Juvinas, respec-
tively. Considering the unique property of zircon that it 
is resistant to reset the U-Pb isotopic systematics at high 
temperatures, we conclude that the eucrite zircons from 
our result would record the peak basaltic volcanism at 
~4545 Ma on Vesta (Fig. 6), which is consistent with the 
previous studies [3-5, 7]. However the error bar of 6 Ma 
(Fig. 6) in this study is much reduced than the previous 
investigation combined, demonstrating the needs to ac-
quire more data in order to refine the age of peak basaltic 
volcanism on Vesta. 

 

 
 
Fig. 5. The average Pb-Pb age for zircon grains in Juvinas. 

 

 
 
Fig. 6. The summary of average Pb-Pb age for zircon grains in 
Eucrite. 
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