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 Introduction: The MESSENGER mission has clarified that the planet Mercury is anomalous in its density, 

reduced (Fe-, Ti-poor; possibly CaS-bearing) mantle, and albedo below that of the lunar maria [1-3]. The mission 

discovered that Mercury is broadly chondritic in major elements and not depleted in volatile elements relative to the 

other terrestrial planets [4-6]. Mercury’s anomalous density (large core/mantle ratio) has been hypothesized to result 

either from gradual, orderly processes particular to the innermost protoplanetary disk [7, 8], or from chaotic 

processes such as a mantle-stripping impact [9, 10]. 

 Discussion: The chemical consequences of a ‘standard’ giant impact are largely drawn from study of the Earth-

Moon system. Mercury’s surface abundances of incompatible (crustal) elements (Ca, Al, Ti) do not rule out a giant 

impact, because models indicate that ejecta would not be preferentially derived from the crustal component. The 

Earth’s moderately volatile (K, Cl, S) element abundances are better analogs to a post-impact Mercury than those of 

the Moon [11]. However, substantial reaccretion of silicate material is highly likely for a large impact on proto-

Mercury, because ejected material remains in Mercury’s orbit and an optically thick debris cloud would inhibit 

removal by Poynting-Robertson drag [12]. A ‘hit-and-run’ scenario where Mercury is the remnant of a collision with 

a larger body that accretes most of proto-Mercury’s mantle [10, 13] requires that Mercury itself not be accreted to 

the larger body. However, the ‘hit-and-run’ hypothesis is not fully developed. Collisional simulations can predict 

Mercury’s high core/mantle ratio, but not its extremely reduced chemistry or its low albedo. 

 Undifferentiated meteorites that match the redox state and volatile abundance of Mercury’s silicate fraction 

exist, and there is no strong evidence that these meteorites’ parent bodies did not form by ‘orderly’ nebular 

processes [14]. Partial melt of the enstatite chondrite Indarch (EH4) are spectroscopically similar to Mercury’s 

surface [15]. Equilibrium condensation in a vapor enriched in C-rich interplanetary dust produces both FeO-free 

silicates and the highly reduced minerals found in enstatite chondrites [8, 15]. This model also fractionates solid Fe 

from gaseous Si at high temperatures, and causes K, Cl, and S to behave as refractory elements [8, 16]. Mechanisms 

for non-stochastic dynamical metal-silicate fractionation in the innermost disk have been proposed [17], and 

separation of metal and silicate phases is commonly observed in the components - chondrules, amoeboid olivine 

aggregates - of primitive meteorites at micron to millimeter scales [e.g., 18]. 

 Conclusion: While a stochastic, chaotic process such as a giant impact cannot be entirely ruled out based on 

MESSENGER data, it cannot explain Mercury’s full combination of chemical anomalies. In contrast, Mercury may 

represent a planetary embryo, recording extreme but orderly chemical and dynamical processes in the innermost 

solar nebula. An inner solar system accretion origin for Mercury’s chemical features may also require a stochastic 

component to produce the final core to mantle ratio. Extrasolar systems may contain highly reduced planets with a 

wide variety of core-to-mantle mass ratios close to their central stars. 
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