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Introduction: Niobium and tantalum are refrac-
tory lithophile elements with similar geochemical be-
haviour. Their condensation temperatures are also
predicted to be similar (1517K and 1543K, respec-
tively [1]). Both are predicted to substitute into
perovskite, hence we may expect the cosmochemistry
of these elements to be similar. In a recent paper [2]
Nb/Ta of chondritic meteorites was used to constrain
models involving the evolution of the Earth-Moon
system. This required the determination of the pri-
mordial Solar System ratio of Nb to Ta and this was
accomplished by the measurement of chemically
primitive meteorites. In making determinations of
these chondrites it was found that most exhibit a uni-
form Nb/Ta value of 19.9+/-0.6, which was then used
to represent the bulk Solar System value. The most
notable exceptions to this uniformity in undifferenti-
ated materials were the CV chondrites, which have a
mean Nb/Ta of 16.5+/-0.6. This lower ratio was at-
tributed to the high abundance of Calcium Aluminium-
rich Inclusions (CAI) in the CV chondrites. However
the available literature data for niobium and tantalum
in CAI is generally old and limited, with data often
gathered by different techniques on different inclu-
sions; some implying a low Nb/Ta [1] and others indi-
cating a solar value [3].

Similarly hafnium and zirconium is a pair of highly
refractory elements (50% condensation T 1690K and
1717K respectively [1]) with similar geochemical
properties. These show less whole-rock variation than
Nb/Ta [2], perhaps reflecting their more refractory
nature.

In order to further understand the cosmochemical
evolution of Nb and Ta, and to test the validity of the
Nb/Ta fractionation in CAI we have undertaken a sur-
vey of Nb/Ta and Hf/Zr in components in the Allende
CV3 meteorite.

Methods: Samples of the Allende meteorite were
selected from the Smithsonian Institution collections,
and thick sections and probe mounts prepared for in
situ chemical analysis. Chondrules from previous
studies of oxygen isotope and trace element analysis
[4] were also available for this study.

Major element abundances were determined using
a JEOL electron microprobe and Ca, Ti, Nb, Ta, Hf
and Zr abundances measured using laser ablation ICP-
MS. Material was ablated into a He stream using a
New Wave 213nm quadrupled Nd-YAG laser, and

introduced into a ThermoElectron Finnigan Element 2
single collector magnetic sector ICP-MS. Spot sizes
varied from 20 to 120 microns.

Results: Initially two CAls (3529-61-RR1 and
3529-63-RR1 — hereon 61RR and 63RR) were selected
as appropriate targets for Nb-Ta analysis. 63RR is a
brecciated Type B CAI, with 50-250pum fragments in a
fine-grained matrix of typical CAI material. 61RR is
an altered Type A CAI with well-developed rims.

Laser ablation analysis is inherently less precise
than solution methods. Errors are typically in the
range of 4-7%, depending upon count rates and sig-
nal/noise ratio. For ratios this translates to a cumula-
tive error of ca. 10%.

Nb Ta Nb/Ta
(ppm) | (ppm) (Wtd mean)

3529-63-RR1 CAI 2.3 0.51 5.0
3529-61-RR1 CAI 1.3 0.46 4.7

Allende A7 | chondrule 23.2
Allende A6 | chondrule 17.0
Allende A5 | chondrule 10.4
Allende A4 | chondrule 3.8
Allende A3 | chondrule 8.7
Allende matrix 16.2
Allende matrix 20.5
Tieschitz chondrule| 0.21 | 0.011 19.1
Tieschitz chondrule| 0.38 | 0.018 21.1

Solar System [2] 0.52 0.03 19.9

Table 1. Nb-Ta data for Allende CAls, matrix and
chondrules. Also Tieschitz chondrules and Solar Sys-
tem (chondritic) values from [2]

Both CAI are enriched in both Nb and Ta (Table
1). The mean of the measured Nb/Ta are 5.0 for 63RR
and 4.7 for 61RR. Both CAI exhibit heterogeneous
Nb/Ta values, ranging from 1 to 12.7, but the majority
of 63RR analyses lie between 2.7 and 4.0, and 61RR
between 1.0 and 3.2.

Hafnium and zirconium data for 63RR show that
both of these elements are enriched, with mean Zr of
16.1ppm and Hf 0.37ppm (viz. 5.4 and 0.16 respec-
tively for the preferred chondritic values [2]). Within
error data for 61RR show no clear enrichments in the
abundances of Hf or Zr, giving mean abundances close
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to bulk chondrite. Both CAIs show heterogeneous
Zr/Hf between analytical spots.

The chondrules from Allende also show a range in
Nb/Ta, though within individual chondrules, where
measured, there is no evidence for internal heterogene-
ity. The range is somewhat more limited than ob-
served in CAlIs, from a chondrite-like 23, down to a
CAl-like value of 3.8, the latter for an Al-rich chon-
drule. As Figure 1 shows there is little evidence for
fractionation of Hf-Zr in the chondrules, with a mean
value of 37.5 +/-3.2 (viz. chondritic 34.3 [2]).

Two analyses of Allende matrix yield abundances
close to chondritic for all four refractory elements and
Nb/Ta of 16.2 and 20.5, closely bracketing the bulk
Solar System value. Similarly the Zr/Hf of 34.7 and
41.0 are close to the chondritic value and identical to
the mean chondrule values.

Discussion: These CAI data demonstrate that
CAls in the Allende chondrite do indeed have Nb/Ta
values that are sub-chondritic as suggested to explain
the sub-Solar values imprinted upon the bulk CV
chemistry [2]. However the data show that it is not
only CAls that bear the imprint of Nb-Ta fractionation,
but also a sub-set of Allende chondrules. The two
matrix analyses bracket the bulk Solar System value.
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Figure 1. A plot of Nb/Ta against Hf/Zr for Allende
objects. Also show is the Solar System (SS) value from
[2]. Errors on the ratios are typically ca. 10%.

Implications for CAl-chondrule relations: The rela-
tionship between chondrules and CAls remains uncer-
tain. Our Nb-Ta data suggest that, in the case of Al-
lende and, presumably other CVs, the chondrules and
CAls may have some genetic relationship. The pres-
ence of low Nb/Ta values in bulk CVs was used to
suggest that these low ratios would be found in CAls,
the argument being that the CVs had far more CAls
than other chondrite types, hence would be the meteor-
ites that would exhibit the signature most clearly.
However, we have measured a population of chon-
drules within the CVs that also show comparably low

Nb/Ta values. Either chondrule forming processes can
also fractionate Nb-Ta or some chondrules inherited
their Nb-Ta characteristics from their cohabiting CAls.

If there were Nb-Ta fractionation of chondrules
during chondrule formation it would require the ordi-
nary, enstatite and carbonaceous (sans CV) heating to
be a entirely local, closed system events with any
chondrule variation from Solar System bulk values to
be counterbalanced by an opposite effect in the matrix
— an exhibition of the chondrule matrix complementar-
ity.

In another study we have measured Nb-Ta ratios
in two chondrules from the ordinary chondrite Par-
nallee — both of them have values that match, within
error, that of mean chondrites (19.9 and 21.1). Al-
though this is a small number of analyses of a very
limited number of chondrules we find no evidence for
fractionation of Nb from Ta during ordinary chondrite
chondrule formation. Thus it appears that, barring a
unique chondrule forming mechanism in the CV chon-
drite-forming region, it is difficult to account for the
fractionation of Nb-Ta without inheritance from CAls.

Signatures for CAI inheritance in CV chondrite
chondrules abound, and include oxygen isotopes ('°O-
rich chondrules abound in the CV chondrites) and
REE signatures, with all types of CAI REE signatures
represented in CV chondrules yet only rarely observed
in ordinary chondrite chondrules. More controver-
sially, it has been suggested that some live Al was
inherited, by some chondrules, from CAls within the
chondrule-forming region. The above features are all
more abundant in chondrules from the CV chondrites,
which contain a plethora of CAls.

Collectively, these observations suggest that CAls
were indeed more abundant in the CV chondrite-
forming region during the time of chondrule forma-
tion, not just at the time of accretion. This indicates
chondrules were locally produced with respect to their
parent bodies — there is no evidence for the admixture
of the chondrules of the ordinary chondrites into car-
bonaceous chondrite materials, nor visa versa. Simi-
larly the enstatite chondrites contain only enstatite
chondrite chondrules without the presence of any other
chondrule types. This limit on the degree of mixing
between groups has implications for the degree of
post-chondrule formation mixing in the nebula envi-
ronment.
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