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Introduction:  Hibonite (Hib)-rich inclusions pre-

serve the largest known non-mass-dependent isotope 
anomalies, for example in 50Ti and 48Ca, of all materials 
with a solar system origin [1]. This and their refractory 
nature have led many authors to suggest that they 
formed prior to CAIs from CV chondrites, which are the 
oldest dated solar system materials [2,3]. However, in 
contrast to CV CAIs, those Hib-rich inclusions with 
large isotope anomalies appear to have incorporated only 
minor or no live 26Al during formation, e.g., [1,4]. These 
unusual properties suggest that these inclusions might 
shed light on one of the earliest sampled epochs of solar 
system history. However, due to their small size (often 
<200 µm), high-precision isotope data comparable to 
that available for CV CAIs cannot be obtained. We plan 
to extend the knowledge about Hib-rich inclusions by 
studying the isotopic composition of different elements, 
for example by resonance ionization mass spectrometry 
(RIMS). As a first step, we have separated and identified 
161 new Hib-rich grains from the Murchison meteorite. 
Here, we present the morphology of these inclusions. 

Methods:  We have obtained two different popula-
tion of Hib inclusions. First, we picked candidate grains 
from an existing Murchison meteorite acid residue 
(heavy fraction as described in [5]; referred to as Lewis 
separate herein), which had been picked for hibonites 
twice prior to this study. Then, we disaggregated a 
~91.65 g Murchison rock from the Field Museum mete-
orite collection (ME 2644) in 40 to 70 freeze-thaw cy-
cles. Hib-bearing grains were concentrated by heavy 
liquid density separation (Cargille Labs organic heavy 
liquid, density 3.31 g cm–3). The heavy fraction was then 
washed in acetone and isopropanol, distributed among 
25 dishes and picked in isopropanol.  

After identification of Hib candidates by color and 
luster, the grains were transferred to aluminum mounts 
covered with conductive tape for scanning electron mi-
croscopy (SEM) at the Field Museum (LEO (Carl Zeiss) 
EVO 60 SEM) and at the University of Chicago (JEOL 
JSM-5800LV). Since the grains were unpolished, energy 
dispersive spectroscopy yielded only qualitative results, 
but these were sufficient to distinguish phases such as 
Hib and spinel (Sp) from silicate phases.  

Results and discussion: In the Lewis separate, we 
have identified 62 spinel-hibonite inclusions (SHIB) and 
45 grains that contained Hib ± perovskite, but no Sp 
(table 1). Of the latter, 40 are single, platy hibonite crys-

tals (PLAC), the rest are aggregates. In the FM separate, 
we have identified 39 SHIBs, 11 PLACs and four aggre-
gates consisting of Hib only.  

SHIBs. In both separates, angular spinel-hibonite in-
clusions (ASHI; Figs. 1a, 1b and 1c) are the most abun-
dant type of SHIB (~79%, table 1). The remaining are  
spherical hibonite-spinel inclusions (SHIS; Fig. 1d) and 
platy spinel-hibonite inclusions (PSHI). The FM SHIBs 
are larger on average than those in the Lewis separate 
(table 1). Roughly 40% of FM SHIBs are partially sur-
rounded by fine-grained silicate rims (Fig. 1d). In con-
trast, Lewis SHIBs have no rims, which is consistent 
with them being exposed to hydrofluoric acid. 

 
Table 1: Abundances and sizes of different types of 

Hib-bearing inclusions in the two different separates. 

 
Most commonly, SHISs and ASHIs contain thin (<5 

µm), platy Hib grains with irregular to hexagonal mar-
gins (43%). About 25% have thicker Hib plates (Fig. 
1a). Sp grains are usually small (<5 µm) and occur inter-
stitially between Hib plates or as aggregates, but in some 
inclusions, Sp grains are up to 20 µm in diameter. These 
two types of inclusions probably belong to the bladed 
class in [1]. We further found a small number of inclu-
sions (n<10) that showed the following features: (1) 
compact ASHIs and SHISs with very fine-grained Sp 
and Hib (Fig. 1d), (2) ASHIs with massive or amoeboid 
(i.e., nonplaty) Hib grains (Fig. 1b), (3) ASHIs that con-
sist of a thick Hib plate that is partially covered by Sp 
(either fine-grained Sp aggregate or one massive amoe-
boid Sp grain, Fig. 1c). For a few other inclusions, it was 
difficult to recognize textural features because the inclu-
sions were almost completely covered by silicate rims or 
had apparently been fractured in a way that created a 
smooth, curvy surface.  

2736.pdf44th Lunar and Planetary Science Conference (2013)



Hib grains consist of multiple sheets in some SHIBs, 
and both Sp and Hib grains often have small holes, par-
ticularly in SHIBs from the Lewis separate. Perovskite 
was rarely observed, but appeared as small (<10 µm), 
mostly rounded grains in some inclusions.  

 
Figure 1: Back-scattered electron images of five differ-
ent inclusions. a) ASHI with thick Hib plates and inter-
stitial Sp. b) ASHI with amoeboid Hib and Sp grains. c) 
Single Hib plate (right) with Sp aggregate on top. d) 
Compact, fine-grained SHIS with partial silicate rim 
(bright). e) PLAC with discontinuous sheets and deco-
rated surface. f) Enlargement of PLAC in e). Decora-
tions are on all Hib sheets.  
 

PLACs. The majority of PLACs are angular crystal 
fragments, others have rounded margins. In addition, 
both separates contain 3 PLACs each with recognizable 
hexagonal crystal faces. The PLAC thickness ranges 
from 30 µm to 67 µm at least (based on two measure-
ments). A few of the single Hib crystals are blocky 
rather than platy, which may be due to fragmentation.  

About 20% of PLACs exhibit smooth surfaces and 
margins, but most have irregular surfaces that are com-
posed of multiple discontinuous Hib sheets and/or are 
‘decorated’ with small, flat Hib grains  (Figs. 1e and 1f). 
In addition, roughly 80% of PLACs in the Lewis sepa-
rate show irregular or hexagonal dents (<5 µm; Fig. 1f), 

but only one PLAC in the FM separate has dents, which 
are rather small (<1 µm).  

Differences between inclusions from the FM and 
the Lewis separate:    

Textural. The grains from both separates show many 
textural similarities. However, a few distinct differences 
exist between the two separates. (1) In the Lewis sepa-
rate, we found 8 inclusions that had very large holes 
between minerals. Since comparable inclusions were 
absent in the FM separate, it is possible that these holes 
represent dissolved silicates. (2) Perovskite-bearing in-
clusions are more abundant in the FM separate (12 in the 
FM, 1 in the Lewis separate). (3) Hib crystals in Lewis 
inclusions show holes and dents (both irregular and hex-
agonal) more often than FM grains. Similar to the ab-
sence of silicates in Lewis inclusions, dents may be dis-
solution features. 

Abundances.  So far, we have found significantly 
more Hib-bearing inclusions in the Lewis than in the FM 
separate. In the latter, PLACs and small inclusions are 
particularly underrepresented. Assuming that the two 
original Murchison rocks had the same abundance of 
inclusions, the difference can be due to multiple reasons. 
(1) The initial mass of the rock used by [5] was slightly 
larger (113.58 g compared to 91.65 g). (2) Both sepa-
rates have not been entirely picked. For the Lewis sepa-
rate, particularly smaller grains remain in the dish, and 6 
FM dishes have not yet been picked. (3) Not all silicate 
rims surrounding FM inclusions were completely re-
moved by the freeze-thaw procedure, which makes rec-
ognition of Hib-bearing grains more difficult than in the 
Lewis separate. (4) Many PLACs are colorless in planar 
view, which makes them particularly easy to miss in a 
dish that is rich in silicates. (5) Inclusions remaining in 
clumps of matrix may have been separated from the 
heavy fraction during heavy liquid density separation 
due to a lower average density. (6) If the acids attacked 
grain boundaries, some Hib plates may have been liber-
ated from SHIBs in the Lewis separate and were thus 
falsely grouped with the PLACs.  

Outlook:  We plan to continue our search for Hib 
grains by picking the remaining dishes and by treating 
both the heavy and the light FM fractions with acids to 
remove the bulk of the silicates. Nevertheless, we have 
already found a large number of Hib-bearing grains. 
Particularly the 38 SHIBS and 15 PLACs with diameters 
>100 µm make us hopeful that we will be able to obtain 
novel isotope data by RIMS and secondary ion mass 
spectrometry. 
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