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The formation of the terrestrial planets through the accretion of solid condensed particles (as opposed 
to "in situn condensation of,hot or cold nebula of solar composition to form the planet directly (42)) is 
the favored view (3) of the way the terrestrial planets were formed. The available material for the 
planet formation manifested by the primitive meteorites, is of a wide variety: in a geochemical sense 
these are, e.g., high-temperature condensates with high contents of refractory elements, metal plus 
sulfides components, silicates, and volatile-rich components. The studies of unequlibriated meteorites 
suggest the existence of chemical and redox gradients during the nebular condensation and hence the 
accretion of planets from a condensed material can be homogeneous or heterogeneous, depending on 
sequence and proportions of accreted particles (4). 

In the models of heterogeneous accretion the metal particles accrete fnst to form the core, followed 
by the less- reduced silicate components and finally by the volatile-rich oxidized material forming the 
outermost shell of the terrestrial planets. The heterogeneous accretion models are preferred (5,6,7) at 
least for the formation of the last "volatile-rich portion of the Earth. Homogeneous accretion requires 
that the condensed material in the proportions seen in chondrites is accreted non-selectively and the 
differentiation of primitive material takes place within the planet itself. The individual reservoirs, i.e., 
the core and the mantle, are formed either contemporaneously with the accretion, or form a discrete 
event in the early history of the planet. We suggest that excess heat generated during the accretion 
provides the mechanism to form the highly differentiated planet with reduced core, depleted lower 
mantle and oxidized, volatile-rich upper mantle, through the homogeneous accretion of "primitive 
chondritic"material. 

The accretion scenario as elaborated e.g., by Wetherill (3) implies that (a) as the planetesimal (planet) 
grows the size of infalling bodies (and their velocities) also grows (3), (b) given the short times of 
accretion (8) and early metal separation and sinking, a substantial amount of the heat is generated and 
stored within the planetesimal (9), (c) the molten planetesimal (planet) could readily become superheated 
since the thermal barrier of latent heat of fusion is broken at a stage when all crystals are melted, and 
(d) collisions of the accreting planet with large-sized bodies, causes loss of material and the proto- 
atmosphere from the forming planet. 

We have examined the influence of the excess of heat (superheat) on silicate melts(l0) and have 
surveyed the literature for evidence of superheat in natural objects. We have found experimentally that 
excess heat causes changes in the structures of silicate melts and changes the transport properties of 
melts (11). Excess heat also induces volatilization and reduction of melts. This has been demonstrated 
experimentally and observed in natural objects(l1). The implications are employed to construct an "ad 
hoc" model of planetary formation. 

The formation of a terrestrial planet (the Earth) from a homogeneous material is shown in the 
cartoons (Fig.1.). The model presented considers rather fast accretion rates, increasing the flux of 
material through the accretion, increasing the size of planetary bodies and hence the excess of heat 
during the major stages of planet formation. The model also emphasizes the processes of volatilization 
and reduction at this stage. After the formation of 80% of the Earth and collision of the proto-Earth 
with a Mars-sized object (12) a decrease in the flux of accreting bodies is proposed since most of the 
material has been consumed to form planets. 

The existence of differentiated meteorites (and also differentiated asteroids) suggests that the 
separation of metal and silicate melts has taken place in relatively small bodies and that under 
favorable circumstances small bodies were partially melted (at low pressures) to form a core. Thus the 
formation of the Fe-Ni-S proto-core and "chondritic silicate mantle" in the early history of the Earth 
was possible at approximately 1/200th to 1/100th of its present size (I). 

As the size of the planetary body grows due to accretion, the size of infalling bodies grows together 
with the velocities of infall (4). The release of heat accompanying the sinking of the metal phase 
further contributes to the heat budget. The heat is stored and the temperature of the Earth increases. 
The high temperatures and still relatively low pressures (Earth's volume is 10 - 50% of present volume) 
lead to the formation of large melted regions of both the metal and silicate portion of the planet. 
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Silicate melt is reduced and the metal forming together with the moderately siderophile elements 
contribute to the growth of the core. At this stage some silica along with iron and all siderophile 
elements are reduced, whereas some of the elements are volatilized. The relative abundances of 
refractory elements, both ~ompatible and incompatible, increase in the magma ocean. This reservoir 
forms the compositional basis of the lower mantle and of the Moon. A dense atmosphere is present 
around the proto-Earth, thermally isolating the fractionating magma ocean. The formation of a volatile- 
and siderophile-element-depleted reservoir that later became the lower mantle of the Earth accompanies 
the major influx and culmination of accretional activity. Collision of the proto-Earth with the Mars- 
sized object (or number of smaller collisions) disturbs the "depleted and refractory molten reservoir," 
ejects this material into the near-Earth space, and removes the thermally protecting atmosphere. A major 
ejected portion of this volatile- and siderophile-depleted material forms the Moon, whereas a portion of 
ejected material cools and falls back to the Earth. Lost atmosphere, substantially decreased 'cosmic" 
influx, and fall of the cooled ejected material cause the formation of a 'chilled" crust under which the 
lower mantle evolves. After the big event the amount of infalling material decreases with the 'aging of 
the planet (II)." 

small planet I. 

superheat terrestrial planet 11. 
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It is only the last 10 - 15% of the Earth that is associated with the decline of infallimg material. 
Low accretion rates of primitive material, the thermal barrier of chilled crust, and the non-existent 
atmosphere lead to the formation of relatively oxidized, "fertilekantle. New infalling material is only 
partially melted. Metal and sulfide components of original "chondritic composition"ae separated and 
incompletely removed into the existing core. Thus the material is only moderately depleted in volatile 
elements and only slightly depleted in moderately siderophile elements. A substantial part of the 
reservoir that later develops into a upper mantle remains unmelted. Only in the later stages due to heat 
generated in the lower mantle and its own radiogenic heat, does this part of the Earth homogenize into 
the upper mantle, and still subsequently lead via the "basaltic" and 'island arc" magmatism to the 
formation of the Earth's crust. If the residua of crust formation are chemically separated and not 
homogenized with the upper mantle the present Mg/Si ratio of upper mantle can be explained. Silicate 
portions of the upper mantle and that of the lower mantle remain chemically separated for most of 
geological time (In). 
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