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Introduction: The Antarctic achondrites GRA 
06129, paired with GRA 06128, were discovered in 
the 2006 ANSMET (Antarctic Search for Meteorites) 
field season [1,2]. GRA has coarse-grained mineralogy 
with granoblastic texture dominated by sodic plagio-
clase (as large as 75-90% by mode), Fe-rich pyroxene 
(1%, both low- and high-Ca) and olivine (4%), two 
phosphates (merrillite, Ca18Na2Mg2(PO4)14, and Cl-
rich apatite, Ca5(PO4)3(OH,F,Cl), 5%), trace amounts 
of sulfides, Fe-Ni-metal, illmenite and spinel. The 
GRA represents a unique high-temperature non-
basaltic magmatism in the early Solar system, a prod-
uct of a low-degree partial melting of a volatile-rich 
chondritic material [3], resulting an andesitic composi-
tion hitherto unknown to asteroid parent bodies [4]. 
They also has experienced significant thermal and 
shock metamorphism [2,3,5]. 

Experiment: In-situ U-Pb and Pb-Pb dating for 
apatite grains in GRA 06129 was performed on a large 
radius magnetic sector multi-collector Cameca IMS-
1280 SIMS at the Institute of Geology and Geophys-
ics, Chinese Academy of Sciences in Beijing. The 
experimental procedure followed that of Sano et al. 
[6]. The spot size is 10x20 µm2. NW-1 apatite 
(1160Ma) was used as a standard, which comes from 
the same complex of Prairie Lake as that of Sano et al. 
[6] apatite standard (PRAP). 

Results: Sixteen measurements of Pb-Pb isotope 
compositions were obtained on apatite grains in GRA 
06129, and the data are plotted in Fig. 1. The weighted 
mean of 207Pb/206Pb, 207Pb/235U and 206Pb/238U ratios is 
0.577 ± 0.026, 83.7 ± 5.1, 1.055 ± 0.050, respec-
tively, translating to ages of 4458 ± 66 Ma, 4520 ± 
280 Ma and 4647 ± 220 Ma, respectively (uncertain-
ties are reported at 95% confidence level, with a stu-
dent t-factor applied for limited number of repeat 
analyses). 

A three-dimensional linear regression in the 
238U/206Pb-207Pb/206Pb-204Pb/206Pb space yields a 
concordia-constrained linear 3-D isochron age of 4479 
± 59 Ma (95% confidence limit; MSWD = 1.06) using 
Isoplot/Ex [7]. This age is entirely consistent with Pb-
Pb age shown in Fig. 1, indicating that the U-Pb sys-
tem of apatite in GRA 06129 was not disturbed out-
side the analytical uncertainties since its formation. 
Due to very low concentration of U <20 ppb [8], we 

have not yet been successful with dating merrillite in 
GRA06129 with Cameca 1280. 

 

 
Fig. 1. Average Pb-Pb age of apatite grains in GRA 06129 
determined with Cameca 1280. 
 

Discussion: The 26Al-26Mg isotopic systematics of 
GRA 06129 was studied by Shearer et al. [3]. Despite 
large range of 27Al/24Mg ratios up to 250, two plagio-
clase fractions and whole rock samples define a best-
fit slope in 26Al/27Al indistinguishable from zero. This 
suggests that the last Al-Mg isotopic equilibration 
event must have occurred after 26Al was extinct 
(>3.5Ma after the solar system formation, given the 
t1/2(26Al) = 0.73Ma). However, both whole rock and 
plagioclase fractions of GRA 06129 analyzed by 
Shearer et al. [3] shows a uniform radiogenic δ26Mg* 
composition by +0.080±0.009‰ (80ppm) compared to 
the average solar composition represented by terres-
trial standard, suggesting the reservoir from which the 
GRA 06129 formed was isolated from a solar compo-
sition when 26Al/27Al=2.19±0.25x10-6. Depending on 
the choice of age anchors, this could be translated into 
an absolute age of 4563.9±0.2 Ma Ma (relative to 
CAIs canonical value) [9], or 4565.9±0.3 Ma Ma 
(relative to D’Orbigny angrite) [10,11]. Strictly speak-
ing, this model age simply represents the time when a 
chemical reservoir with a characteristic Al/Mg ratio 
similar to GRA 06129 is isolated from a solar compo-
sition. This age may or may not represent the age of 
plagioclase accumulation and crystallization, as later 
metamorphism has clearly and irreversibly erased such 
record from Al-Mg systematics in plagioclase, as sug-
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gested by the Shearer et al. data [3]. We argue that the 
isolation of this chemical reservoir at the 4564-4566 
Ma did not occur in the solar nebula but instead on the 
meteorite parent body. Given the genetic link between 
GRA 06129 and the brachinites parent body suggested 
by a common Δ17O=-0.18‰ [3,12], and given that fact 
that Brachina whole rock (and its minerals) show no 
radiogenic δ26Mg* with chondritic 27Al/24Mg ratio [3], 
the ragiogenic 26Mg* signature clearly evolved in the 
GRA-Brachina parent body in a high Al/Mg reservoir, 
from which GRA 06129 assemblages crystallized. 

 

 
 
Fig. 2. Summary of ages obtained for GRA 06129 by differ-
ent chronometers. 
 

The weighted-average of 147Sm-143Nd age (4559 
± 96 Ma) and 146Sm-142Nd age (4549 ± 36 Ma) have 
been reported to represent the crystallization age for 
GRA 06128/9 combined [13] (see Fig. 2 for sum-
mary). Day et al. [4] reported an average 207Pb-206Pb 
age of 4517±60 Ma for phosphates in GRA 06128/9 
using LA-ICP-MS. Our data broadly agree with their 
age within error (Fig. 2). However, closer inspection is 
warranted in order to compare apatite with apatite, and 
merrillite and merrillite, given the petrographic rela-
tionship suggesting these two minerals may not have 
formed at the same time [3,14]. Based on the LA-ICP-
MS data provided in their Table S3 [4], excluding the 
data of merrillite, we recalculated the weighted aver-
age 207Pb-206Pb age for apatite: 4564 ± 60 Ma for GRA 
06129, 4511 ± 18 Ma for GRA 06128, and 4529 ± 30 
Ma for GRA 06128/9 combined. Thus, both the Pb-Pb 
age of 4466±52 Ma and 3-D isochron age of 4479±59 
Ma for apatite in GRA 06129 from our study is clearly 
younger than 4564±60 Ma of Day et al. [13]. In con-
trast, our 207Pb/206Pb age (Fig. 1) and 3-D isochron age 
for GRA 06129 is in excellent agreement with the 
39Ar-40Ar data reported by Shearer et al. [3] (Fig. 2). If 
apatite is a product of interaction between merrillites 
crystallized from primary magma and a Cl-rich fluid 
exsolved from the GRA parent magma or transported 

from elsewhere to the cumulate assemblage on the 
GRA parent body [5], our apatite age obtained with 
ion microprobe must date this late event at 4466±52 
Ma, rather than the crystallization products from the 
primary magma at ～4564 Ma. 
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