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Introduction

The Howardite-Eucrite-Diogenite (HED) meteorites are a 
clan of achondrite meteorites that are believed to be derived 
from a large parent asteroid, possibly 4-Vesta [1].

Most eucrites experienced varying degrees of thermal 
metamorphism after igneous formation [2,3]. A compilation 
of eucrite Ar-Ar dates show that their distribution is bimodal 
with a sharp peak at around 4.5–4.6 Ga and a broader peak 
between 4.1 and 3.3 [4,5]. 

Despite the clustering of data, it is possible that many of 
the thermal events that reset the Ar-Ar system 4.1-3.3 Ga 
may not have been sufficiently energetic to have reset or 
have significantly disturbed other chronometric systems such 
as U-Pb in phosphates.

Methods

Polished thin section of LEW85300,46 was examined by 
scanning electron microscopy to obtain elemental maps and 
to identify Ca-phosphate grains. 

In-situ U-Th-Pb isotopic analysis was carried out using a 
Photon Machines Excite coupled to a Varian 810 quadrupole 
ICP-MS at University of Houston. 

Laser analyses used 25 μm spot size
Repetition rate of 10 Hz
Energy output of 11.28 J/cm2. 
Spot analyses are 60 seconds in length

Figure 1:  Plane polarized light image 
of LEW 85300,46. The sample is 
about 2 cm in horizontal distance. 

Figure 2:  Chemical map of LEW85300,46 from Fig. 
1 where the phosphates measured are highlighted 
yellow and circled. The matrix is outlined in white 
and slightly shaded. Ca-Red, P-Green, Si-Blue.

Results

These grains range in size from 30-50 µm in diameter 
and occur within clasts.  Due to the small grain sizes 
and irregular mineral boundaries, many phosphate 
analyses represented mixtures of phosphate and other 
phases.

The 4 analyses used to calculate an age show 
evidence of a small common Pb component. Therefore, 
a 207Pb/206Pb – 204Pb/206Pb isochron approach is 
used to calculate radiogenic 207Pb/206Pb ratios and an 
age.

The 4 analyses yield an intercept 207Pb/206Pb ratio 
of 0.4659 ± 0.0068 and corresponding Pb-Pb age of 
4137 ± 22 Ma.

All dates were calculated with IsoPlot 3.76 [10].

Discussion

In a study by Nyquist et al. Ar-Ar, Rb-Sr, and Sm-Nd 
isotopes were measured on an igneous clast from the 
meteorite [6].

The U-Pb data of phosphate indicates an age of 4137 
± 22 Ma, older than the Ar-Ar ages previously 
determined for LEW 85300 and older than a period of 
intense bombardment inferred from compiled Ar-Ar
data [11,12].  

Despite the clustering of Ar-Ar ages, there is growing 
evidence for metamorphic ages between 4.4 and 4.1 
Ga [13,14,15,16].  

The thermal history of LEW 85300 indicates a period 
of metamorphism that would have completely reset 
the Ar-Ar system and U-Pb in phosphate.  U-Pb in 
zircon yielded an age of 4450 ± 24 Ma, younger than 
the inferred igneous crystallization ages of clasts and 
perhaps partially reset by the high-T metamorphic 
event. 

If the 4137 Ma date of phosphate does indeed reflect 
the ~800°C event, then subsequent impacts which have 
disturbed the Ar-Ar systems were likely insufficiently 
energetic to reset, even partially, the U-Pb system in 
phosphate. 

Figure 3:  Pb isotope data for Ca-phosphate.  
Red symbols are the measured data and their 
2SD error ellipses. The black curve is the 
mixing line between common Pb and 
radiogenic Pb. The blue curves represent the 
2SD uncertainty envelope of the best fit 
mixing line. 
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