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Introduction:  Carbonaceous chondrites (CCs)-

primitive, undifferentiated rocks- provide us with a 
unique record of early Solar System history and evolu-
tion.  The classification of these rocks and their indi-
vidual components allow us to identify the degree of 
metamorphism they have endured.  Understanding this 
metamorphism, however, is impaired by the size of 
meteorites arriving to earth (hand-sample scale) and 
the largely unknown size of their parent bodies. 

Recent work indicates that CCs may derive from 
bodies larger than previously thought.  Large, icy as-
teroids are in hydrostatic equilibrium, indicating dif-
ferentiation [1,2]; furthermore, models indicate that 
water-rock differentiation results in a wide range of 
temperatures and fluid movement at a given location 
within the body [3,4].  This complements other models 
that argue for fluid flow and heterogeneity within CC 
progenitors [5,6].  A controversy remains, however, 
whether the geochemistry and properties of CCs are 
consistent with such a history [7,8].  By understanding 
the distribution of elements and alteration at the micro- 
and meso- scale within meteorites, we can better un-
derstand the macroscopic scale water-rock reactions 
that these novel models propose for early planetesi-
mals. 

Methods: We obtained high-resolution (2 μm x 2 
μm) element maps of entire CC thin sections utilizing 
the Maia-384 detector and XFM beamline at the Aus-
tralian Synchrotron [9].  The detailed methodology for 
the data discussed below was presented in [10]. 

Results and Discussion: While we have measured 
a range of CCs, two illustrative examples are given 
here for CV and CM  meteorites. 

CV3:  Vigarano.  Vigarano is known to be com-
posed of both oxidized and reduced lithologies [e.g. 
11].  Its maximum temperature of alteration is thought 
to be ~300-400°C [12]; it is interesting to note that this 
range is within the maximum temperatures that may 
arise in the central region of a Themis-sized planetesi-
mal (~225km) [4] or ~100-200 km below the surface 
of a Ceres-sized object [3].   

Our data clearly illustrate aqueous alteration oc-
curred heterogeneously at the meso-scale.  There are 
areas that both preserve and lack micron-scale varia-
tion in trace elements.  Areas that lack variability, “fi-
ne-grained matrix,” have boundaries with “coarse-
grained” matrix characterized by high Ni contents (3 

wt%), indicating Ni mobility.  These patches de-
mostrate consistent elongation across the entire section 
analysed.  Water therefore persisted over timescales 
that would have preserved such textures while not 
completely homogenizing fine-grained material. 

CM2: Murchison.  CM meteorites have been of 
noted interest due to the range of alteration they seem 
to preserve [e.g. 13] as well as the presence of prebi-
otic molecules and their astrobiological implications.  
They appear to have experienced aqueous alteration at 
a temperature of ~25°C [e.g. 14].  According to the 
existing models, if they derive from large asteroids, 
they formed within a fairly narrow region near the 
surface. This assumes formation within 3 Ma of CAIs.  
If these large objects formed 5 Ma after CAIs, then 
substantially larger, interior portions would be con-
sistent with temperatures of alteration in CMs [3,4]. 

As with Vigarano, Murchison matrix displays dif-
ferent textures in elements like Fe and Ni, indicating 
differing degrees and/or types of water-rock reaction.  
Furthermore, these textures persist at the meso-scale, 
sharing the same directionality  across an entire thin 
section.  The lengthscale of these features may provide 
constraints upon the physical processes by which wa-
ter moved through the parent body. 

We will discuss these new results in the light of 
changing perspectives on how and when water was 
active in early asteroids and planetesimals.  Our work 
highlights the importance of the scale and dimension 
of meteorite observations when attempting to place 
them in the context of advancing geophysical models. 
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