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Introduction: The Bencubbin meteorite is a
metal-rich, shocked and brecciated meteorite
belonging to the so-called CB chondrites or
“Bencubbinites” [e.g. 1]. Compared to most
carbonaceous chondrites Bencubbinites are unusual
in many ways [e.g. 1]. Especially, they have large
and widespread excess of 15N, (reaching d15N ~
+1000‰ in Bencubbin) [e.g. 2-4]. It is usually
thought that this enrichment is due to incorporation
of presolar nitrogen during the last of a series of
impacts [e.g. 5] but incorporation of an escape-
fractionated atmosphere has also been discussed and
deserves examination. Indeed, both hypotheses are
supported by astronomical observations such as 15N
excesses of similar amplitude attributed to solid
organic compounds in different comets [6] or 15N
excesses observed in the atmosphere of Mars
(+620‰,[7]) and Titan (+3500‰ [8]). To our
knowledge, no hydrogen isotope measurements of
Bencubbinites are reported in the literature. Therefore
the H isotopic composition of Bencubbin is studied
here to bring new informations on the formation of
this unusual meteorite. Indeed, hydrogen can be used
as a tracer of heavily fractionated matter, either
presolar or atmospheric. Interstellar chemistry leads
to D-excesses far greater than those of 15N [e.g.9] and
fractionation by atmospheric escape should be much
larger for H than for N. But the distribution of the
excesses are likely to be different.

Analytical: Measurements of D/H ratios were
done on a Bencubbin thick section (SP3) coated with
C, using the CRPG Cameca IMS 3F ion microprobe,
in Nancy, France. A 20 nA primary O- beam is used
to get enough signal from H-depleted phases such as
metal. Although organic H is underdetected by a
factor of 10 in these conditions, it should still be
detectable owing to the low intensities. The mass
resolving power was set at ~1200. Surface
contamination was limited by baking the sample
during two days and using a liquid N trap. During
analysis, it was monitored using the H2

+ /H+ ratio
[10].

42 measurements were done in various phases
(mostly silicates and metal but also oxides and
sulfides) associated with various textures :
cryptocystalline, barred and 1 porphyritic silicate
clasts, coarse-grained and fine-grained metal clasts,

shock melt areas including oxidized regions within
the melt.

H isotope measurements are very sensitive to
instrumental effects such as instrumental mass
fractionation (IMF) and matrix effects [10]. In
silicates, IMF is correlated with Mg# (Mg/(Mg+Fe).
We thus used two amphibole standards with extreme
Mg# to define a calibration line for silicates.
However such a calibration does not stand for Fe-
oxides and Fe-metal.

Intercalibration between various minerals is
obtained here using a new index Fe*, with Fe* =
(at%FeII*M/c + at%FeIII*M/c) / ∑(at%cations*M/c),
where FeII and FeIII refer to Fe2+ and Fe3+,
respectively, and M and c are the atomic mass and
the charge, respectively, of the cation of interest.
Using data from [11], we show that the IMF is
correlated with Fe* with R2>0.99 in silicates and with
R2~0.97 if goethite is included. Using this new
relationship and silicate standards, instrumental
effects can be corrected in most minerals. The
extrapolation to goethite is used here to correct data
obtained in the oxidized shock melt.

Given that H speciation in metal is likely to be H+

or H2 instead of H2O or OH-, it is susceptible to
behave differently in metal than in most hydrated
minerals. Preparation of metal standards is underway.
For each measurement in metal the IMF is bracketed
by (1) a minimum IMF equal to the zero intercept of
the IMF-Fe* correlation, and (2) a maximum IMF
equal to that of goethite. The average between these
two estimates is used here to correct data from metal
and sulfides. The uncertainty on the IMF for metal is
much larger than the analytical error, therefore error
bars reported on Fig. 1 for metal and sulfides
correspond to this uncertainty.

Results: All values reported here are corrected
from IMF and with 2s errors.

D/H ratios in silicate clasts. The measured dD
values vary between –241±53‰ and +324±94‰
independently of the observed textures. With the
exception of the largest dD value (+324‰), most
values cluster around an average value of -53‰

D/H ratios in the shock melt. The range of dD
values is from –219±30‰ to +314±50‰. Contrary to
silicates, there seems to be two groups of values
around -180‰ and +175‰, the latter being a clear
imprint of extraterrestrial fluid circulation.
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D/H ratios in metal clasts. dD values in metal and
sulfides range from –430±29‰ up to –19±39‰ with
an average –260±59‰.

Discussion: From these data it is observed : (1)
the general absence of large dD values of +1000‰
and higher, which suggests that the H isotope
systematics is decoupled from that of N, (2) the
spread of dD values is comparable to what is
observed in other carbonaceous chondrites with
exception of the D-richer values (>+1000‰)
suggesting the absence of the D-rich endmember of
interstellar origin, either hydroxyls or organic matter,
(3) the group of dD values around +175‰ in
oxidized areas in the shock melt suggests that
terrestrial weathering in the Australian desert before
the find of the meteorite did not overprint previous
isotopic variations, (4) the dD value of the metal at
–260±59‰ is comparable to a unique measurement
in the metal from Renazzo (-310‰, [12]), a meteorite
sharing other similarities with the bencubbinites [e.g.
1].

Since terrestrial weathering did not overprint
indigenous hydrogen isotopic composition, it is
proposed that (1) the dD values in silicate clasts are
truly indigenous and (2) fractionation by escape from
a transient atmosphere did not occur as shown by the
absence of large dD values. This conclusion
reinforces noble gas observations showing a typical
Q-type composition and absence of heavy isotopes
excesses [13]. Therefore, escape from a transient
atmosphere can be ruled out as the origin of the large
15N excesses observed in Bencubbin.

Similarly, the absence of large D-excesses
indicates that molecular cloud organic matter has not
been preserved intact in Bencubbin. However, even if
pristine micrometer-sized carbon phases may have
been missed during this study, the low mean value of
our measurements imply that they should be in
limited amount.

Since hydrogen isotopic compositions are rather
homogeneous, the difference of dD values between
the silicate and the metal clasts can be used to bring
information regarding their formation. Assuming that
there is isotopic equilibrium between H2 in the metal
grains and OH in the silicates, the temperature at
which equilibrium was reached can be estimated. It is
further assumed that the fractionation between
gaseous H2 and H2 dissolved in the metal is
negligible and that the fractionation between OH in
silicates and H2O vapor is +40‰ [14]. Using then the
fractionation factor between H2O and H2 [15], the
obtained equilibrium temperature is about 600 K.

This temperature, reflecting that of equilibrium for
the last heating event, is in good agreement with
petrological observations indicating that metal clasts
were never heated above ~850 K [16] after their
formation.

Summary : The present results thus suggest that
(1) H isotopic compositions of Bencubbin are
indigenous, (2) H is indeed at isotopic equilibrium
between silicate clasts and metal clasts, (3) small D-
excesses in the matrix either were inherited from late
fluid circulations or were acquired during the last
melting event, (4) no atmospheric signature has been
recorded indicating in turn that N isotopic
composition is not related to an atmospheric escape.
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Figure 1 : Hydrogen isotopic composition
measured in Bencubbin. White dots are silicate clasts,
grey dots are matrix areas and black dots are metal
clasts.
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