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Field observations, whole-rock major- and trace-element 

geochemistry, and Sr, Nd, and Pb isotopic data were used to 
assess the petrogenesis of and relationship between two 
epizonal plutons: the intermediate Mt Richthofen stock (MRS) 
and the high-silica rhyolite composition Mt Cumulus stock at 
the ~28 Ma Never Summer igneous complex, north-central 
Colorado, USA.  The MRS is compositionally zoned from 
more mafic  compositions at the structurally deepest portion of 
the pluton (55 wt. % SiO2, #Nd(T) -2.0, 87Sr/86Sr(T) 0.7049) to 
more felsic compositions at the structurally shallowest portion 
of the pluton (67 wt. % SiO2, #Nd(T) -5.6, 87Sr/86Sr(T) 0.7119).  
Given the lack of obvious wall-rock assimilation at the level 
of pluton emplacement, the compositional variations in the 
pluton most likely reflects differences in the compositions of 
magmas from which the pluton was assembled.  The presence 
of mafic enclaves in the structurally lowest portion of the 
pluton reveals evidence for mafic underplating.  Aluminum-
in-hornblende geobarometry of the structurally lowest rocks 
yields an emplacement depth of ~3 km.  Taken together, we 
attribute the vertical zonation to mixing of two primary 
magmas, an early-emplaced felsic end-member with later 
arriving mafic magmas, which were derived from greater 
crustal depths and interacted in the upper crust to produce the 
range of intermediate compositions.  In contrast, the MCS is 
compositionally homogeneous with 77 wt. % SiO2, #Nd(T) -
5.8, and 87Sr/86Sr(T) ~0.712.  A close fit to a 28 Ma Sr 
reference isochron reveals that the MCS represent melts 
derived from an isotopically uniform source and could not 
have been derived from the adjacent isotopically 
heterogeneous MRS by upper-crustal differentiation.  The Nd 
isotopic composition of the MCS is similar to that of mafic 
lower crustal xenoliths entrained in nearby Devonian 
kimberlites.  Rare earth element modeling reveals a good 
compositional match between the MCS and calculated partial 
melts of the mafic, garnet-free, two-pyroxene lower crustal 
granultite xenoliths sampled by the kimberlites.  The mafic 
lower crust is therefore a plausible source for the melts of 
MCS and early emplaced silicic material associated with the 
MRS.    
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The well-established variability in isotopic compositions 

and water contents among various planetary materials in the 
inner Solar System means that bulk mixing of accreting 
materials, at least in some regions of the inner Solar System, 
was limited. We use enstatite chondrites (ECs) to explore a 
new model for the early evolution of the inner Solar System. 
In this model, the bulk of the Earth-building material 
originates inside the orbit of Mars (Oligarchic Growth Zone), 
which is isotopically homogeneous and identical to Earth and 
ECs. In contrast, there is a region with significant isotopic 
heterogeneity from Mars outwards. It is divided by the 
snowline (~2.7 AU) into two zones: one inside with moderate 
heterogeneity and another outside with much larger isotopic 
heterogeneity. Both zones form in a low-mass gap in the disk 
and therefore could never form larger planets. In this model 
the planets in the inner, oligarchic growth zone formed 
essentially dry. The Earth has received its water as a late 
veneer via very minor contributions from the outer regions 
beyond the snowline. Despite substantial isotopic variations 
among different chondrite groups, the isotopic compositions 
of the Earth's mantle are nearly identical only to ECs. Yet, 
there is a large chemical difference between Earth and ECs 
that is explained by different evolution paths from the same 
precursor, chemically similar to the widely accepted Earth’s 
composition derived from mantle peridotites. This material 
formed in the isotopically homogeneous inner terrestrial planet 
region (Oligarchic Zone). The FeO-poor silicates and Ca,Mg 
sulfides typical of ECs resulted from a local non-nebular 
sulfidation of this precursor that has also changed the EC’s 
bulk chemical composition. In this model, the identical 
isotopic composition of Earth and Moon is a logical outcome 
rather than something that has to be explained away.  


