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Introduction: Chondritic meteorites are often considered as building blocks of the Earth. This implies that the 

bulk compositon of the Earth can be modelled by mixing existing chondritic meteorites. Here we demonstrate that 
this is not possible, considering chemistry and stable isotopes. 

Discussion: According to stable isotope systems 50Ti, 54Cr, 62Ni etc. chondritic meteorites may be divided into 
two groups: (1) Non-carbonaceous chondrites (NCC), including enstatite chondrites, ordinary chondrites, and Ru-
murutiites and (2) carbonaceous chondrites (CC) [1]. The Earth fits in stable isotopes with NCC. The chemical com-
position of the Earth, however, shows similarities to carbonaceous chondrites. The red bar in Fig. 1 indicates the 
bulk chemical composition of the Earth, calculated by using data and references given in [2]. The bulk silicate Earth 
(BSE) composition apparently continues elemental trends seen in carbonaceous chondrites. In Fig.1 the core is as-
sumed to be free of Si and thus BSE is representing bulk Earth composition which may not be a valid assumption. 
Considering about 8% Si in the Earth's core would result in abundance ratios similar to that of CK in Fig.1, and still 
fitting with the continuation of the CC trend.  

 
NCC meteorites  have much lower Mg/Si, Al/Si and Mn/Si ratios than CC meteorites (Fig. 1). Variations in 

Al/Si are representative for all refractory elements (e.g., SC, REE, Ba, Ta). The moderately volatile element Mn is 
representative of Na and K. There is no monotonous transition between the chemistry of NCC and CC. Each group 
has its own typical chemical signature.  

In addition, there  are small differences in chemistry between NCC and CC in some refractory lithophile and si-
derophile element ratios. NCC have small but measurable Tm deficits, whereas CC have unfractionated REE pat-
terns or small Tm-excesses [3, 4]. Carbonaceous chondrites have 8% lower Re/Os ratios than NCC [5]. The latter  
difference was established early in the solar system history as inferred from Os-isotope ratios.  

The meteorite classes in Fig. 1 are arranged from left to right according to increasing oxygen contents separately 
for NCC and CC. In the latter group decreasing Al/Si ratios show a parallel trend. Attempts have been made to link 
this sequence to radial distances from the Sun [6], with NCC in the inner solar system within the range of terrestrial 
planets and CC further out beyond the waterline, in the asteroid region.  

Fig. 1 indicates the Earth cannot be produced by any combination of CC and/or NCC, considering chemistry and 
stable isotopes. A large fraction of bulk Earth must be higher in Mg and refractory elements and lower in Mn and 
other volatile elements than known chondritic NCC. On the other hand, the CC component has to be small because 
of stable isotope constraints. 

Summary: There are two categories of chondritic meteorites NCC and CC. Based on stable isotopes bulk Earth 
can only have a small fraction of CC. The amount of NCC component is limited by low Al, high Si and high Mn of 
NCC. Although bulk Earth may be considered in a broad sense chondritic, only a small fraction of parental material 
can be derived from existing chondritic meteorites. The major part must come from material enriched in Al and Mg 
but with stable isotope composition of NCC meteorites. 

Lit.: [1] Warren P. (2011) EPSL 311, 93-100. [2] Palme H. & O'Neill H.St.C. (2014) In: Holland H.D. & Ture-
kian K.K. (eds.) Treatise on Geochemistry, Second Edition, vol. 3, pp. 1-39, Elsevier. [3] Dauphas N. & Pourmand 
A. (2015) GCA 163, 234-261. [4] Barrat J.A. et al. (2016) GCA 176, 1-17. [5] Horan M.F. et al. (2003) Chemical 
Geology 196, 5-20. [6] ] Rubin A.E. (2011) Icarus 213, 547-558. 
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Fig. 1: Al/Si, Mg/Si and Mn/Si in Non 
Carbonaceous Chondrites (NCC) and in 
Carbonaceous Chondrites (CC) and Bulk 
Silicate Earth. 
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