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Renewed interest has arisen in estimates of Rb and Cs concentrations of the bulk Earth and its 
Rb/Cs ratio (1,2). Additionally, there has been some controversy surrounding the perceived 
differences of Rb/Cs ratios between the Earth and the Moon (3-5), with the suggestion that these 
putative differences place constraints on the origin of the Moon (3,4). Current estimates of the 
Rb/Cs ratio in the bulk Earth vary between 30 and 80, whereas the Moon's Rb/Cs ratio is 
estimated as being -22 (3). The Rb/Cs ratio of CI and other classes of carbonaceous chondrites is 
close to 11. The Earth's Rb content is constrained by estimates of the Earth's Rb/Sr ratio (0.03) 
as determined by Sr and Nd isotopic systematics and Sr isotopic evolution. Estimates of the 
Earth's Cs content are poorly constrained. This value is often estimated by assuming that the bulk 
Earth RbICs ratio is equal to the average Rb/Cs ratio of the Earth's crust (6) or that of recent 
MORBs and OIBs (2). We have compiled published data on the variation of Rb/Cs ratios in 
terrestrial rocks with ages from the Archaean to Recent in order to critically evaluate the bulk Earth 
RbICs ratio. 

Figure 1 demonstrates the existence of a secular change in the RbICs ratio of primitive, 
mantle-derived magmas through time. Archaean basalts and komatiites have low RbICs ratios 
(8&5), Proterozoic basalts have intermediate Rb/Cs ratios (20+-10) and MORBs and OIBs have 
high RbICs ratios (8W0). Additionally, Archaean, mantle eclogites (9), presumed fragments of 
oceanic lithosphere, have relatively high Cs concentrations and low RbICs ratios (510). The low 
RbICs ratio in Archaean lavas has been confiied by studies of carefully prepared clinopyroxene 
separates from these lavas (7,8), which also have low Rb/Cs ratios. Thus in early Earth history, 
mantle-derived, mafic magmas possessed significantly lower Rb/Cs ratios than their present day 
counterparts (7). This secular variation in the Earth's mantle Rb/Cs ratio is at variance with the 
conclusion of (2) that the constant Rb/Cs ratio of -80 in MORB's and OIB's reflects the RbICs 
ratio of the Earth's primitive mantle. 

Secular variation in the Earth's Rb/Cs ratio is attributed to continental crust formation 
and mantle recycling. Differences in the degree of incompatibility of Cs and Rb will result in 
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Fig. 1. RbICs versus Rb (ppm) in ultramafic and mafic lavas of Archaean to Recent age. Data 

from (2,7-12). Fig. 2. Rb/Cs versus Rb (ppm) in sedimentary rocks of Archaean to Recent age. 
Data from (6,13-16). 
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fractionation of these elements between the crust and mantle and contribute to the observed secular 
variation in the mantle RbICs ratio. Furthermore, mantle recycling of altered oceanic lithosphere, 
with low RbICs ratios in the vicinity of 20 to 50 (13), will have significant effect upon the mantle 
ratio. Following the ideas of Ringwood (17), Jagoutz et al (9) argued that Archaean, mantle 
eclogites are fragments of subducted oceanic lithosphere stored in the mantle and that 4% of this 
material is sufficient to produce a bulk Earth CI chondritic K/Cs ratio. Therefore, eclogites must 
be considered when taking an inventory of the Earth's Rb and Cs budget. 

Figure 2 shows there is limited variation in RbICs ratios in coarse and fine grained sedimentary 
rocks of all ages, with a mean ratio of -18. Studies on weathering profiles have shown that the 
RbICs ratio does not change with increased weathering (14), and a comparison between coarse- 
and fine-grained sediments shows no difference in their RbICs ratios (15). Taylor et a1 (16) 
argued that the chemistry of loess, which is derived by glacial milling and transported by aeolian 
processes, is little affected by the weathering cycle; the loess sediments they studied have RbICs 
ratios that overlap with other sediments. Therefore, as this ratio is not affected by weathering, it 
can be regarded as an estimate of the upper crust RbICs ratio and potentially of the bulk crust.. 

We consider that the RbICs ratio of the bulk Earth is likely to be close to those of the bulk crust 
and the Archaean mantle. The present upper mantle contains only a small proportion of the bulk 
Earth's Rb and Cs (see below) and its high RbICs ratio has been caused by subsequent 
differentiation processes. Based upon the data review above, we estimate that the RbICs ratio of 
the bulk Earth is 20 + 10. 

From this data we can make some sigmflcant observations about the distribution of Rb and Cs 
in the Earth. Taking the Rb concentration of the Earth's primitive mantle as 0.65 ppm (given 
Rb/Sr=0.03 and Sr-3x CI, or about 2x ordinary chondrites), the Rb concentration of the bulk 
crust as 32 ppm (6) and the Cs concentration determined from the ratios above, we calculate the 
bulk crust has about 25% to 30% of the total Rb and Cs in the Earth's primitive mantle. These 
estimates are in agreement with those of (6), but are about 113 less than that predicted by (2). 
Moreover, assuming the depleted mantle represents -112 the primitive mantle and has a 
concentration of Rb -0.1 ppm and Cs -1.3 ppb (1,2), the depleted mantle would account for only 
-8% of the total Rb and -2% of the total Cs in the Earth's primitive mantle. These calculations 
persuade us to consider carefully the suggestion of Jagoutz et a1 (9) concerning the volume of low 
RbICs eclogite in the mantle, and also suggest the existence of a considerable amount of primitive 
mantle. Furthermore, this data indicates that the crustal RbICs ratio is not a simple complement to 
the MORB (KID) reservoir. Clearly, these ideas require critical examination. 

Current estimates of the RbICs ratio for the bulk Moon (-22) are in reasonable agreement. 
We have also compiled all published data of Rb and Cs for the Moon. The average Rb/Cs ratio 
for all lunar samples of 22 f 3, and is dominated by the incompatible element-enriched, KREEP 
component. Within the uncertainties of these estimates, there is no reason to assume the Earth's 
RbICs ratio is different from the Moon's. Assuming an impact origin for the Moon, these data 
cannot be used to constrain the relative contributions of the Earth or an impactor as argued by 
(374). 
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