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Introduction:  Angrites are a small group of basal-

tic achondrites that are distinguished by unique geo-
chemical characteristics and ancient crystallization 
ages [1].  While still relatively rare, the number of 
identified angrites has increased significantly in the 
past several years. Chronological studies of these new-
ly recovered angrites have the potential to provide 
unique insights into their petrogenesis on the angrite 
parent body (APB). Here, we present the initial results 
of an investigation of Sm-Nd and Rb-Sr isotope sys-
tematics of the angrites NWA 4590, NWA 4801, and 
D’Orbigny. Northwest Africa (NWA) 4590 and NWA 
4801 are two recently recovered coarse-grained an-
grites comprised primarily of Al, Ti-diopside, pure 
anorthite, olivine (with kirschteinite present in NWA 
4590), and accessory phases such as merrillite and 
troilite [2,3]. In contrast, D’Orbigny is a fine-grained 
angrite with a quenched texture, and is comprised pri-
marily of Al, Ti-diopside, anorthite, olivine, kir-
schteinite, and accessory phases such as spinel, Fe-
sulfide, and phosphates [4].  

The ancient crystallization ages of angrites make 
them particularly suited for investigating coupled 
147,146Sm-143,142Nd systematics.  Previous studies of 
their Sm-Nd systematics have been limited to the 
coarse-grained angrites LEW 86010 and Angra dos 
Reis [5,6] and a preliminary investigation of 
D’Orbigny [7].  Understanding the Sm-Nd systematics 
of the more recently recovered angrites can provide 
additional constraints on the initial Solar System 
146Sm/144Sm ratio as well as the timing of silicate dif-
ferentiation on the APB. Furthermore, the extremely 
volatile-depleted nature of these achondrites make 
them suitable for Rb-Sr investigations to determine the 
initial Sr isotopic composition, and hence the timing of 
volatile-loss, from their parent asteroid. Both the Sm-
Nd and the Rb-Sr systematics can additionally provide 
constraints on the timing of silicate differentiation on 
the APB.   

Analytical Methods:  Mineral separates were pre-
pared in the Isotope Cosmochemistry and Geochronol-
ogy Laboratory at Arizona State University.  Interior 
chips (~1 g) of each of the three angrites were crushed 
and a small fragment of each (~50 mg) was reserved as 
a whole-rock sample, while the remainder was proc-
essed in a Frantz magnetic separator to prepare mineral 
separates.  These mineral separates were then further 
purified by handpicking. 

Sample dissolution and column chemistry was 
completed at the Carnegie Institution of Washington 
(CIW).  All samples, with the exception of the phos-

phate and whole-rock, were leached in 2.5N HCl for 
approximately 30 minutes (10 minutes for the olivine).  
Leaching of the whole-rock samples was avoided to 
prevent dissolution of phosphate, which is the main 
rare earth element carrier.  All separates were spiked 
for Sm/Nd and Rb/Sr ratio measurements.  Pyroxene, 
plagioclase and whole-rock samples were dissolved 
using a 3:1 mixture of HF-HNO3, while phosphate and 
olivine were dissolved using a 6N HCl solution.  Iso-
topic measurements of Nd, Sm, and Sr were conducted 
on a Thermo Triton thermal ionization mass spec-
trometer. Rb concentrations were measured using a Nu 
Instruments multicollector inductively coupled plasma 
mass spectrometer at CIW. To correct for the effects of 
neutron capture due to cosmic ray exposure, deficits in 
the 149Sm/152Sm ratio were monitored in the whole-
rock samples of each of the three angrites analyzed 
here. 

Results and Discussion:  NWA 4590 Sm-Nd Sys-
tematics.  The 147Sm-143Nd isochron is defined by four 
data points (whole-rock, phosphate, pyroxene, and 
olivine/kirschteinite); the plagioclase data point does 
not fall on this isochron.  The slope of the regression 
line through these four data points yields an age of 
4568±27 Ma (2σ error, MSWD=6.6) with an initial 
143Nd/144Nd ratio of 0.506682±0.000052. This 147Sm-
143Nd age is concordant with the previously reported 
Pb-Pb age of this angrite [8]. From the 147Sm-143Nd 
isochron, we calculate a present day 143Nd/144Nd rela-
tive to CHUR, i.e., ε143NdCHUR = -0.08±0.49 at a chon-
dritic Sm/Nd ratio (assuming the modern average 
chondrite values  for CHUR [9]).   

As with the 147Sm-143Nd system, a 146Sm-142Nd 
isochron is defined by the whole-rock, phosphate, py-
roxene, and olivine/kirschteinite data points.  The slope 
of the regression line yields a 146Sm/144Sm ratio of  
0.00745±0.00021 (MSWD=0.50) and an initial ε142Nd 
= -2.75±0.09 (relative to terrestrial standard value). 
This corresponds to a present day value for ε142Nd =    
-0.13±0.03 at a chondritic Sm/Nd ratio.  Using the pre-
viously reported Pb-Pb age of NWA 4590 [8], the So-
lar System initial 146Sm/144Sm ratio (i.e., at 4568 Ma 
[10]) would extrapolate to 0.0079±0.0002.   

NWA 4801 Sm-Nd Systematics.  The whole-rock, 
phosphate, plagioclase, and pyroxene data points de-
fine the 147Sm-143Nd isochron of NWA 4801.  The oli-
vine separate lies slightly off this isochron. The slope 
of the 147Sm-143Nd isochron (Fig. 1) yields an age of 
4556±82 Ma (MSWD=4.4) with an initial 143Nd/144Nd 
ratio of 0.50669±0.00010. This corresponds to a pre-
sent day ε143NdCHUR of -0.17±0.51 at a chondritic 
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Sm/Nd ratio. Although the uncertainty on the 147Sm-
143Nd age of NWA 4801 is relatively large, it is consis-
tent with the Pb-Pb age for this angrite [8].  These 
147Sm-143Nd systematics are, within the errors, identi-
cal to those obtained for NWA 4590. 

The slope of the regression line of the 146Sm-142Nd 
isochron (Fig. 2) yields a 146Sm/144Sm of 
0.00846±0.00075 (MSWD=1.7), which is only mar-
ginally higher than that obtained for NWA 4590. This 
extrapolates to an initial Solar System 146Sm/144Sm of 
0.0090±0.0007 using the previously reported Pb-Pb 
age for this angrite [8].  The initial ε142Nd= -3.26±0.28, 
which corresponds to a present day ε142Nd= -0.26±0.04 
at chondritic Sm/Nd.   

D’Orbigny Sm-Nd Systematics. Three points define 
the 147Sm-143Nd isochron: whole-rock, plagioclase, and 
pyroxene.  As with NWA 4801, the olivine data point 
lies off of the isochron.  The slope of the 147Sm-143Nd 
isochron yields an age of 4507±89 Ma (MSWD = 13) 
with an initial 143Nd/144Nd ratio of 0.50677±0.00006 
(present day ε143NdCHUR = 0.20±0.18). 

The slope of the regression line of the 146Sm-142Nd 
isochron yields a 146Sm/144Sm ratio of 0.00618±0.0010 
(MSWD=0.34) with an initial ε142Nd= -2.32±0.4 (pre-
sent day ε142Nd = -0.14±0.05 at chondritic Sm/Nd). 
This 146Sm/144Sm ratio is significantly lower than those 
obtained for NWA 4590 and NWA 4801. This would 
extrapolate to an initial Solar System ratio of 
0.0093±0.0010, similar to that derived from NWA 
4801, if the relatively young 147Sm-143Nd age of 4507 
Ma is used (instead of its ancient Pb-Pb age [11]). The 
147Sm-143Nd age obtained here for D’Orbigny is not in 
agreement with the previously reported age of 3.08± 
0.05 Ga obtained from a plagioclase-pyroxene tie line 
[7]. As such, the results of this study coupled with the 
previously reported data [7] suggest a significant dis-
turbance of the Sm-Nd systematics in D’Orbigny.  The 
process(es) which caused the disturbance of the Sm-Nd 
system in D’Orbigny, apparently did not cause signifi-
cant disturbances in other isotopic systems (e.g., Pb-
Pb, Al-Mg) [11, 12]. 

Rb-Sr Systematics. For plagioclase separates, using 
the measured 87Sr/86Sr ratios along with the associated 
87Rb/86Sr ratio, and assuming a model age of 4.56 Ga, 
model initial 87Sr/86Sr ratios of 0.698973±0.000005, 
0.698976±0.000005 and 0.698986±0.000005 are cal-
culated for NWA 4590, NWA 4801, and D’Orbigny, 
respectively.  The values for NWA 4801 and 
D’Orbigny are, within errors, identical to those re-
ported previously [13].  Additional Sr isotopic meas-
urements of whole-rock samples and other mineral 
separates are currently in the process of being com-
pleted. 
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Figure 1. 147Sm-143Nd isochron for NWA 4801. (WR = 
whole-rock, Phos = phosphate, PL = plagioclase, PX = py-
roxene). 

 
Figure 2. 146Sm-142Nd isochron for NWA 4801. Sample 
labels are identical to those in Fig. 1. 
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