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VOLATILITY, CHONDRULES, AND THE COMPOSITION OF THE 
EARTH. Claude T. Herzberg and Roger H. Hewins, Geological Sciences, Rutgers 
University, P.O. Box 1170, Piscataway, N.J. 08855-1 179, U.S.A. 

Despite success in modelling the gravitational accretion of planetesimals into 
planets (I), understanding the prior step in which micron-sized dust is accumulated into 
aggregates and incorporated into planetesimals has been problematical (2,3). Dust grains 
form fluffy fractal aggregates (4) whose density remains low as they grow, so they are 
coupled to the turbulent gas and unable to settle to the disk midplane where planetesimal 
formation might then follow (5,6). Transformation of aggregates into dense chondrules 
by melting changes their aerodynamic properties dramatically (6). Turbulence 
calculations (6) show that chondrules could have been concentrated into stagnant zones 
between eddies, and krn-size concentrations could have fallen to the midplane so that the 
accretion process could proceed. 

Planetesimals are therefore expected to have consisted mainly of chondrules plus 
whatever dust was attached to them as rims (6,7). Chondrules are depleted in moderately 
volatile elements (Figure I), and the dust is relatively .volatile-rich, yielding chondrites 
that are variously depleted relative to the solar composition or CI (8). The terrestrial 
planets and their planetesimal precursors are also depleted in moderately volatile 
elements (9-1 1). The inner solar system had higher ambient temperatures than the 
asteroid belt (12) and would have been more efficiently cleared of gas and entrained 
volatile-bearing dust by T-Tauri stage solar wind. Planetesimals in the terrestrial zone, if 
formed by the accumulation of chondrule aggregates in the midplane, would be expected 
to have bulk compositions closer to those of the most refractory type I chondrules than to 
those of bulk chondrites. 

Figure 1 shows that this is indeed the case, that mantle peridotite from the Earth 
and chondrules are geochemically similar as noted before (13,14). Previous comparisons 
have linked mantle peridotite to whole rock chondrites (Figure 2), and Jagoutz et al. 
(1 979) estimated a primitive mantle composition where the "geochemical fractionation" 
and "cosmochemical fractionation" trends intersect on an MgO/Si02- A1203/Si02 
diagram (1 5). Figure 2, a Jagoutz diagram updated to include a more comprehensive data 
base for both peridotite and chondrite, shows that there is no simple single 
cosmochemical fractionation trend because AVSi and Mg/Si fractionations are uncoupled. 
This can be explained by dust segregation before chondrule formation, whereby Ca-A1 
minerals, forsterite and enstatite were independently concentrated into different nebular 
reservoirs during condensation (16). Average refractory chondrules appear to give a 
better estimate of mantle peridotite composition than any bulk chondrites: type I 
chondrules (17) have average MgO/Si02 of 0.86 and A1203/Si02 of 0.096, close to 
values for pyrolite and undepleted mantle peridotite. The Earth's core could have been 
derived from FeNi chondrules as well as metal contained in silicate chondrules. We 
conclude that the Earth's MgO/Si02 is higher than chondrites because it was inherited 
from chondrule-like precursors. Its composition was determined mostly by volatility 
processes in the solar nebula (1 8), and subsequent crystal-liquid differentiation in a 
terrestrial magma ocean was largely ineffective in modifying it. 
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