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Introduction:  The study of HED meteorites is im-

portant for understanding the diversity and time frame 

of early magmatic activity of their parent body because 

of their wide variety of igneous lithologies.  Previous 

studies have shown the success of using individual da-

ting techniques to obtain ages of various meteorites 

through a variety of methods (e.g. [1, 2]). The main fo-

cus of this study is the utilization of Lu-Hf, Pb-Pb, and 

in situ U-Pb dating methods on the eucrite Jonzac.  

Sample:  The observed fall of monomict eucrite 

Jonzac’s 5 kg recovered mass was on June 13th, 1819 in 

France’s Poitou-Charentes region. The availability has 

allowed for many previous studies of this eucrite, yet 

there has been only one age obtained prior to this pro-

ject (Pu-Xe age of 4.472 ± 0.016 Ga (2σ); [3]). Jonzac 

is a type 7 non-cumulate eucrite defined by less promi-

nent Ca-zoning than that of type 4 eucrites and that it 

contains partly inverted pigeonite, which is a type 6 fea-

ture [4].  

Methods:  A ~1 g sample of Jonzac was cleaned of 

all fusion crust. A clean fragment of Jonzac was made 

into both thin and thick sections for petrographic and in 

situ analysis. The remaining ~470 mg aliquot of sample 

was split into mineral cuts via crushing, sieving, heavy 

liquids, and picking. This provided whole rock powder, 

two pyroxene cuts (coarse- and fine-grain), two plagio-

clase cuts (coarse- and fine-grain), and an oxide cut 

(coarse- and fine-grain were combined).  

The Lu-Hf sample cuts were combined with a Lu-

Hf mixed spike prior to dissolution in Parr bombs. The 

Lu and Hf cuts were separated using cation column 

chemistry following methods outlined in [1].   

For the Pb-Pb analyses, an aliquot of pyroxene was 

taken through a leaching procedure similar to that of [5] 

resulting in a total of five leachates. The residue after 

leaching as well as the leachates were transferred to a 

set of mini Teflon capsules with HF and HNO3 and 

were placed in a high-pressure digestion vessel heated 

to 150 °C for 48 hours.  Pb was purified with 0.6 M HBr 

and anion exchange resin. 

The Lu, Hf, and Pb isotope compositions were 

measured on a Nu Plasma II MC-ICP-MS at the Uni-

versity of Houston.  Lu and Hf mass spectrometry pro-

cedures follow methods outlined in [1].  Pb samples 

were doped with 4ppb of the UH NBS-997 Tl standard 

to allow for correction of instrumental mass bias.  

In Situ U-Pb chronology of zircon was conducted by 

LA-ICPMS at the University of Houston using a Varian 

810 quadrupole mass spectrometer coupled with a Pho-

tonMachines Analyte.193 excimer laser ablation sys-

tem. The laser ablation was performed using a 10 μm 

diameter laser spot size with a 7 Hz repetition rate over 

20s and a fluence of 3 J/cm2. Data reduction followed 

methods outlined in [6]. 

Results:  The Lu and Hf isotope data define a 4-

point isochron (Figure 1), and provides an age of 4.236 

± 26 Ga (2σ), an initial 176Hf/177Hf value of 0.279932 ± 

0.000014, and MSWD = 2.4. This regression excludes 

the plagioclase data, which falls just above the isochron 

and likely records isotopic disturbances similar to those 

observed in some shergottites (e.g. [8]). 

 

 
Figure 1. Four point Lu-Hf isochron excluding plagioclase. 

The 176Lu decay constant of 1.865x10-11 [7]. Ox = oxides, 

Plg = plagioclase, Px = pyroxene, WR-# = whole rock. All 

errors displayed as ± 2σ. 

The Pb isotope data measured from the leachates are 

used to plot a 3-point Pb-Pb inverse isochron (Figure 2) 

and provides a regressed 207Pb/206Pb ratio of 0.5419 ± 

0.0068 (MSWD = 436) which corresponds to an age of 

4.352 ± 0.018 Ga (2σ) The pyroxene Wash-1 (W1, Fig. 

2) wasn’t included in the regression because of the large 

contribution of terrestrial Pb. The amount of Pb in the 

pyroxene residue is extremely low and dominated by 

terrestrial blank, and therefore excluded. The inclusion 

of Wash-3 does not alter the age by a significant 

amount, yet by including it, it doubles the already high 

MSWD.  
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Figure 2. Three point Pb-Pb inverse isochron using W2, W4, 

and W5, using the decay constants of [9]. W# = 

washes/leachates, Residue = residual pyroxene, and Modern 

= modern day Pb [10]. The Residue, W1, and W3 were not 

used. All errors displayed as ± 2σ. 

 
Figure 3. The back-scattered electron image of the successful 

zircon analysis at 7.7 µm target spot size marked by the circle. 

The minerals surrounding the zircon include; ilmenite (Ilm), 

plagioclase (Plg), and pyroxene (Px). 

 

Lastly, only one zircon was large enough for in situ 

U-Pb analysis by LA-ICPMS (Figure 3).  The U-Pb data 

from this spot analysis yielded a concordant age of 

4.546 ± 0.050 Ga (2σ), an age that is consistent with 

other U-Pb zircon ages from eucrites [11].  

Discussion:  The age data of Jonzac allow for a 

more complete picture of its thermal history. Calculated 

closure temperature for zircon in this stone of ~900 °C 

was obtained using the equations of Dodson [12] and 

the inferred cooling rate of type 7 eucrite Haraiya [13]. 

This reaffirms that the age obtained from zircon analy-

sis represents the protolith age of Jonzac.  

This study also compared these ages with other pub-

lished eucrite ages from the literature (e.g. [2, 3, 11, 14, 

15, 16, 17]) to summarize the thermal history of all eu-

crites. The seemingly more robust isotopic systems of 

U-Pb and Pb-Pb in zircons and perhaps Pu-Xe all have 

ages greater than 4.4 Ga. These systems may confi-

dently be used for igneous formation of eucrites. The 

Pb-Pb (non-zircon), Sm-Nd, Rb-Sr, and Lu-Hf isotope 

systems may be more prone to metamorphic disturb-

ance resulting in ages that are distributed over a wider 

range spanning 4.1-4.4 Ga.  

The Lu-Hf and Pb-Pb ages presented here record 

metamorphic disturbance(s) at ages between ~4.2-4.3 

Ga. The metamorphic processes that would have caused 

these systems to have reset would be situated between 

the initial igneous formation age at ~4.55 Ga, and the 

age in which the HED parent body was experiencing 

significant bombardment perhaps related to a period of 

heavy-bombardment ~3.8-4.0 Ga inferred from Ar-Ar 

data [18]. The data presented here suggests that the im-

pact-related thermal metamorphism recorded in Jonzac 

may have happened earlier than the Ar-Ar data sug-

gests.   

The extensive metamorphosed nature of Jonzac al-

lows insights into the thermal history of the eucrite par-

ent body. The zircon data provide a igneous formation 

age, and the other isotope age data likely provide timing 

of metamorphic resetting at around 4.2 - 4.3 Ga. 
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