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Introduction:  Formation of planetesimals/ asteroids/ 

planetoids from early Solar system materials requires initial 

accretion that are formed as part, or all, of the sequence: (a) 

nucleation and growth of nebular components by a variety of 

condensation/evaporation processes; (b) transport; (c) 

accretion and mixing; (e) (internal) heating; (f) sintering & 

mass loss: (g) diagenesis/metamorphism; (h) melting & 

crystallization; (i) cooling to ambient conditions. The onset 

of planetary differentiation begins with (e). Subsequent 

reworking by impact and accretion mixes materials that 

originally formed in all environments from near the surface 

of the growing sun to the outermost reaches of the nebula 

and beyond.  Variable degrees of reworking affect both 

differentiated and undifferentiated bodies. 

    Comets to chondrites:  Comets may provide the most 

representative samples of the average nebular composition 

that should undergo the accretion process. Carbonaceous 

chondrites are most “cometary” in composition, but lack the 

massive light element and hydrophile components: H; He; C; 

N; and some O, that often occur as ices. (Figure 1) 

 

Figure 1: Solar system abundance of elements with mass 

missing in meteorites with shaded areas approximating the 

missing elements (n.b. log y-axis).  

 

If C-chondrites are samples of comets, they have suffered 

very considerable mass loss, perhaps reflected in their 

abundant void content1. Ordinary chondrites and the 

spectrum of achondrites, with increasing levels of planetary 

differentiation, complete the continuum of observed Solar 

System materials and also reflect that mass loss2.  The 

paucity of light elements (often H2O and COx) in C-

chondrites3 and other meteorites has profound consequences 

for their evolution and their interpretation. Ordinary 

chondrites and achondrites have significant to severe 

depletion of the „volatile‟ elements. Some of these elements 

are also hydrophile (Na,K,…). If depletion of the light 

elements and „volatile‟ depletion are linked, a serious 

anomaly in many models of meteorite parent body formation 

may be resolved. 

Prograde vs retrograde metamorphism of parent bodies: 
Most thermal models of meteorites focus on their cooling 

history (retrograde metamorphism) from high temperatures4,5  

in the nebula or parent bodies as this is best preserved in the 

samples. If, as appears increasingly likely, heat is provided 

internally by short-lived radioisotopes6,  early warming of 

the accreting parent body (prograde metamorphism) is 

necessary to produce the anhydrous metamorphic and 

magmatic signatures recognized in many meteorites. 

Prograde heating initially dehydrates and decarbonates the 

interior of parent bodies and probably decelerates the onset 

of magmatism by efficiently removing heat by conduction 

and expansion.    H2O, COx, CxHy, NH3, CN, HCN, and 

related fluids7 will interact the mineralogy of a body leading 

to dissolution processes in the warming planetesimals and 

will precede the conventional magmatic differentiation.  

Hydrophilic cations in the various minerals will dissolve into 

the solution migrating buoyantly toward the surface of the 

body where depressurization will vaporize the hydrous 

component. Precipitated evaporite minerals will remain on 

the surface of the body8.  The aqueous solubility of the 

alkalis (for example) and their low abundance relative to 

H2O provide a plausible mechanism to explain the supposed 

depletion of many „volatile‟ alkali species in most meteorites 

and the terrestrial planets9,10. Prograde dissolution (aqueous) 

processes are probably the earliest  stages of local and global 

differentiation of planetesimals and planetoids.  Evaporite 

deposits on asteroids [halides, sulfates, carbonates and 

possibly organic complexes] will precipitate on the 

planetesimal surface. Many such minerals are „transparent‟ at 

NIR wavelengths and are unlikely to survive on meteorites 

that travel through the Earth‟s atmosphere. The fragility of 

evaporite minerals in impact dominated regimes may imply 

that these deposits will be only transient surface layers that 

may be difficult to locate on current asteroids. Perhaps 

bodies such as Ceres or Titan that have dense atmospheres 

may preserve these phases. 

Mixing models of asteroidal bulk compositions: The 

mixing of nebular reservoirs in solid samples may be 

approximated by manipulating the oxygen isotope ratios of 

the putative starting materials to match those of the observed 

meteorites and their components. Such mixing models have 

been explored in some depth11-14 and permit prediction of the 

relative abundances of refractory, lithophile, sidero- 

chalcophile and some volatile elements. They seriously 

overestimate the abundance of alkali elements. Addition of 

dehydration phenomena, however, permits these models to 

be reconciled much more precisely and takes into account 

both the prograde and retrograde heating regimes on the 

parent bodies. 

Conclusion: Early dehydration of primitive planetesimals is 

an essential step in the development of global differentiation 

on asteroids that may resolve the anomalous depletion of 

„volatile‟ elements in meteorites, and planet(oid)s by 

addressing their hydrophilic properties. 
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