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Introduction: Angrites are unbrecciated (except 
NWA 2999 and meteorites paired with it) and 
unshocked differentiated achondrites of roughly 
basaltic composition [1, 2] that formed between 3-10 
million years (Ma) after the Solar System’s first solids 
[3, 4]. Recent growth of this meteorite group in 
numbers and diversity due to new finding of angrites 
with various igneous textures and inferred rates of 
crystallisation and cooling permits to study the early 
evolution of their parent asteroid with unprecedented 
level of detail.  

In a search for possible age heterogeneity among 
the older, more rapidly cooled angrites, we determined 
the Pb-isotopic age of the recently discovered 
Northwest Africa (NWA) 12320 [5]. 

Materials and methods: NWA 12320 has a 
diabasic igneous texture, and is composed of zoned 
calcic olivine, zoned Al-Ti augite pyroxene, and 
anorthite plagioclase, with accessory silicic apatite, 
titanomagnetite and troilite [5]. It broadly resembles 
Sahara 99555 and D’Orbigny, and is interpreted to 
originate from a hypabyssal igneous intrusion on the 
angrite parent body [5]. 

A 0.5 g sample of the meteorite was crushed and 
sieved to separate it into three grain size groups: 
<100µm, 100-250µm, >250µm. Grains of pyroxene 
were picked from the 100-250 µm group and separated 
into three fractions based on colour (dark, medium, 
light). Three whole rock fractions (<100µm, 100-
250µm, >250µm) were also taken.  

These pyroxene and whole rock fractions were 
cleaned in distilled acetone and high purity water with 
ultrasonication, and then leached in 0.5M HNO3 with 
ultrasonication (W1), hot 7M HNO3 (W2a), hot 6M 
HCl (W2b), and dissolved in hot 25M HF+12M HNO3 
(R). All leachates and residues (except the initial water 
and acetone washes) were spiked with 202Pb-205Pb-
233U-236U mixed tracer. Pb was extracted and analysed 
by TIMS (modified Finnigan MAT 261) at the ANU’s 
SPIDE2R lab facility using the procedures similar to 
[6]. Accuracy of results was verified by analysing 
NIST SRM981, and a series of synthetic EarlyTime 
solutions, which simulate isotopic composition of 
mixtures between ancient (ca. 4560 Ma) radiogenic Pb 
and primordial Pb.  

Ages were calculated assuming 238U/235U= 
137.790±0.018, the average value (±2SD) for basaltic 
angrites based on the data of Connelly et al. (2012) [4], 
Brennecka and Wadhwa (2012) [5], and Tissot et al. 
(2017) [6]. We intend on carrying out a U isotopic 

study of this meteorite in the near future, and use our 
own measured U data to obtain a more accurate age.  

Results: A notable feature of this meteorite is very 
low level of contamination with terrestrial Pb. It 
appears that terrestrial contamination was completely 
removed by ultrasonication in water and acetone; only 
two first washes show minor residual contamination.  

The Pb isotopic isochron for NWA 12320 
calculated with all the washes and residues except two 
slightly contaminated W1 fractions corresponds to 
formation of the rock at 4563.03 ± 0.45Ma, 
MSWD=2.7 (Fig. 1). The regression passes through 
the point of primordial Pb. 

 
Fig.1 Isochron produced using Pb-isotopic data for all 

leaching steps and residues of NWA 12320, also showing 
Primordial Pb, and average modern terrestrial crustal Pb (a 
proxy for possible contamination). 

The likely reason for small excess scatter in the 
isochron including all data is revealed by calculation of 
separate isochrons for leachates (W1+W2a) and 
residues, shown in Figures 2 and 3, respectively. These 
isochrons show no excess scattering, and yield precise 
ages of 4562.64±0.35 Ma, MSWD=0.81 (n=10) for the 
washes, and 4564.08±0.49 Ma, MSWD=0.39 (n=6) for 
the residues. These ages are distinctly resolved with 
the difference of 1.44±0.60 Ma, and the minimum 
difference of 0.61 Ma at 95% confidence level.  

The W2b points contain much less Pb than early 
leachates or residues, and have therefore larger 
uncertainties of Pb isotopic ratios. An isochron for the 
W2b fractions yields a relatively imprecise age of 
4561.55±1.91 Ma, MSWD=0.81 (n=6), which is 
consistent with the W1+W2a isochron age. Combining 
all leachates yields an isochron age of 4562.69±0.34 
Ma, MSWD=1.4 (n=16), identical to the W1+W2a 
isochron. 
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Radiogenic Pb isotopic compositions in all leaching 
steps allow to calculate time-integrated 232Th/238U 
ratios (κPb) from Pb isotopic ratios. The difference in 
κPb can help to identify soluble and insoluble U-
bearing minerals. The κPb values have been found to be 
significantly lower in washes (3.69-3.86 in W1 and 
W2a) compared to residues (7.18-7.69 in pyroxene 
fractions, and 8.40-8.61 in whole rock fractions), 
indicating that NWA 12320 contains at least two 
different mineral hosts of U and radiogenic Pb. We 
intend to use ion microprobe analysis to establish the 
identity of these minerals. 

The κPb in W2b leachates of pyroxene fractions 
(4.5-5.1) are intermediate between early leachates and 
residues, while κPb in W2b leachates of whole rocks 
(2.78-3.31) are lower than in either early leachates and 
residues, suggesting the presence of another mineral 
host of U with intermediate solubility. Possible 
sampling of an additional U-bearing mineral by the 
W2b leaching step adds some ambiguity to 
interpretation of the leachate isochron, therefore we 
prefer to use the W1+W2a value as the age of the acid-
soluble minerals. 

 
Fig.2 Isochron produced using Pb-isotopic data for 

leaching steps W1 and W2a of NWA 12320. 

 
Fig.3 Isochron produced using Pb-isotopic data for 

residues of NWA 12320. 

Discussion: The age of 4564.08±0.49 Ma yielded 
by the residue isochron can be interpreted as the time 
of crystallisation of NWA 12320. This age appears 
marginally older than the ages (with recalculations 
using measured 238U/235U after [9]) of D’Orbigny [5], 
Sahara 99555 [10] and the residue age of the quenched 
angrite NWA 1296 [11], although the age difference is 
not resolved at the current level of precision. If the age 
heterogeneity among these meteorites is confirmed by 
additional residue Pb-isotopic analyses and future 26Al-
26Mg and 53Mn-53Cr dating, it would suggest that the 
current set of angrites contains samples from two or 
more distinct hypabyssal intrusions on the parent body. 

The apparent age difference between washes and 
residues could have been caused by cooling of the rock 
containing soluble and insoluble minerals with 
different closure temperatures for diffusion of Pb and 
U. If it was the case, it may also be possible to 
calculate the cooling rate of this meteorite using its 
U/Pb age data, once the soluble and insoluble U-
bearing minerals and their grain sizes are determined.  

Alternatively, the apparent age difference can be 
caused by the difference in the 238U/235U ratio between 
soluble and insoluble minerals. If we assume that the 
cooling of the parent rock of NWA 12320 was very 
rapid, and the entire apparent age difference is caused 
by the internal 238U/235U variations, we estimate that 
238U/235U in soluble minerals should be lower than in 
insoluble minerals by 0.137, or 0.10%. This difference 
is larger than the U isotopic variations in angrites 
observed so far (summarised by [9]), but are similar to 
those reported for wider range of meteorites [12, 13], 
and are thus not impossible. Our findings emphasize 
the need to support each Pb-isotopic date for a 
meteorite material with 238U/235U that is measured not 
just in the same meteorite (or meteorite group), but in 
the same U-bearing mineral. 
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