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Introduction: D’Orbigny, is a relatively a new an-
grite find {1]. Angrites are achondrites that show
unique mineralogy and typically ancient crystallization
ages. D’Orbigny has been described extensively by
[2]. We have initiated a study of D’Orbigny. A Pb-Pb
model age of 4559 Ga has been reported {3]. The pres-
ence of **Pu fission Xe in D’Orbigny has also been
reported [4]). We present Sm-Nd and Rb-Sr results and
a **Mn-"Cr study is in progress. We had expected to
find a relatively well-behaved Sm-Nd system, and dis-
tinct evidence for the "**Sm-'“*Nd system. Emphasis in
this study was placed on the precise measurement of
initial ¥’Sr/*Sr, since primitive initial *’Sr/**Sr may be
characteristic of the angrite parent body. Sr isotope
measurements were obtained in the recently completed
laboratories at JPL, using the ThermoFinnigan Triton
mass spectrometer. Due to lower amounts of Nd and
Sm, Sm-Nd data were obtained on the Lunatic I spec-
trometer at Caltech, due to established high ionization
techniques, on this instrument using light rare earth
oxide ions.

D’Orbigny is an unshocked, unmetamorphosed
medium to coarse-grained and vesicular igneous rock,
composed of two dense crystalline fractions, separated
by a more porous fraction, and glass [2]. These obser-
vations indicate some significant complexity in this
rock. It consists of Ca-rich olivine, Al-Ti-diopside-
hedenbergite, subcalcic kirschteinite, hercynitic spinel
and anorthite, with the mesostasis phases ulvdspinel,
Ca-phosphate, a silico-phosphate phase and Fe-sulfide
[2, 5). For this work, we used the coarser-grained part
of the rock. A fragment with minimal evidence of rust
was crushed gently. Material in the range 75-200 um
was used for mineral separations. Clinopyroxene was
obtained by handpicking (larger grains). The rest of
the material was processed through density (methylene
iodide and acetone) and magnetic separations. Frac-
tions of the handpicked pyroxene and of the plagio-
clase obtained by density separation were leached in
warm dilute HCI for 10 minutes, in order to help re-
move alteration. These leached samples were then
processed through the chemistry. The leaches did not
contain detectable amounts of the trace elements of
interest in this work. In addition, a total rock sample of
Angra dos Reis (ADOR) was processed through the
chemistry, for reference, and analyzed following the
same analytical procedures.

Sm-Nd. For ADOR, we obtained '*’Sm-'*Nd re-
sults, which are consistent with earlier data [6, 7]. The
“whole rock” analysis falls on the 4.56 Ga isochron
defined by the Sm-Nd CHUR average composition
(Fig. 1), but with higher *Nd/***Nd and '"Sm/'*'Nd.
For D’Orbigny, we obtain a reasonable range in
"“Nd/'"“Nd and '’Sm/'**Nd, similar to that obtained
for ADOR pyroxene and whitlockite [6, 7). The
D’Orbigny pyroxene data also fall closely on the 4.56
Ga isochron, indicating an undisturbed system. How-
ever, the plagioclase data fall far off this isochron. The
pyroxene plagioclase tie-line yields a slope corre-
sponding to an age of 3.08+0.05 Ga. While D’Orbigny
is described [1, 2, 5] as unshocked, unbrecciated, un-
metamorphosed and only moderately altered, the Sm-
Nd suggest that the rock has been disturbed recently. It
is possible that only the plagioclase has been affected.
Such circumstances have been observed by us in
mesosiderite basalt clasts [9], suggesting that plagio-
clase is less resistant to metamorphism than clinopy-
roxene. In Fig. 2, we show the '*Nd/"*Nd data. It is
apparent that the effects in '*Nd/'**Nd are very small,
with pyroxene showing no effect and with plagioclase
showing a slight (and not clearly resolved) deficit in
“INA/M*Nd, consistent with the lower Sm/Nd for pla-
gioclase. A tie-line for D’Orbigny plagioclase and py-
roxene shows no clearly defined evidence for the pres-
ervation of '“Sm effects (initial °Sm/'**Sm<
0.000147).

Rb-Sr. We show the ¥Sr/*Sr in D’Orbigny plagio-
clase and pyroxene data in Fig.3. We have measured
also, for reference, samples of Moore County plagio-
clase, ADOR (TR), and the NBS (NIST) 987 Sr stan-
dard. The greatly improved precision of the Triton can
be seen, relative to our earlier study, using the F/MAT
262 [8). Typical precision for ®’St/*Sr is +7 ppm (20).
In Fig. 4, we show the area near the origin of 'thef’Rb-
¥'Sr evolution diagram. The D’Orbigny plagioclase Sr
data are very near the origin and permit the definition
of primitive ¥Sr/*Sr, well below BABI, largely inde-
pendent of the age of D’Orbigny. The D’Orbigny data
are consistent with our earlier ADOR pyroxene data
[10], and with resuits in [11]. It is clear that samples
with extremely low Rb/Sr, define the initial *’Sr/*°Sr
essentially independently of Rb-Sr systematics. By
contrast, the ADOR total rock ¥’Sr/*Sr, in this work, is
sufficiently radiogenic (with higher Rb/Sr) so that it
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does not provide a useful estimate of the initial
#9r/*Sr in ADOR, independently of the Rb-Sr age
relations in ADOR. The agreement in initial *Sr/**Sr
for D’Orbigny (plagioclase) and ADOR (pyroxene)
provides a clear characteristic for the parent sources of
these meteorites and provides a strong connection be-
tween D’Orbigny and Angra dos Reis. The case for
ADOR having originated on the same parent body as
the other angrites is strengthened. It is clear also from
the results on the initial Sr of eucrites, the Moon,
Moore Co., ADOR, and D’Orbigny, that low Rb/Sr
planetary bodies are not rare.

The current data establish: a) uniquely primitive,
characteristic initial ¥’St/**Sr in angrites; b) a signifi-
cant disturbance for Sm-Nd in the D’Orbigny plagio-
clase, which may not have affected the pyroxene; ¢)
the possibility of a more complex history for angrites,
as more members of this rare class are found and in-
vestigated.
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