
Earth and Planetary Science Letters, 79 (1986) 33-45 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

[1] 

Nb and Pb in oceanic basalts: new constraints on mantle evolution 

A.W. Hofmann, K.P. Jochum, M. Seufert and W.M. White * 

Max-Planck-Institutfur Chemie (Otto-Hahn-Institut), Postfach 3060,6500 Mainz (F.R.G.) 

Received February 7, 1986; revised version accepted May 7, 1986 

Nb/U ratios and Ce/Pb ratios are surprisingly uniform at 47 ± 10 and 25 ± 5, respectively, in both mid-ocean ridge 
basalts (MORB) and ocean island basalts (OIB). We show that these ratios also characterize the mantle sources of both 
types of oceanic basalts, and that these mantle sources have been fractionated from the primitive-mantle ratios of 
Nb/U = 30 and Ce/Pb = 9. The respective ratios in the continental crust are even lower, namely Nb/U = 10 and 
Ce/Pb = 4. Therefore, OIB cannot be derived from a primitive portion of the mantle, from mixtures of primitive and 
depleted mantle, or from recycled continental crust. The portion of the primitive mantle from which the continental 
crust and the residual (MORB plus OIB source) mantle has been differentiated is estimated to be about 50%, but the 
uncertainties are such that whole-mantle differentiation cannot be ruled out. 

We propose the following simple model to satisfy the above new constraint on mantle composition: The differenti­
ated part of the mantle, chemically depleted after separation of the major portion of the continental crust, was 
subsequently internally rehomogenized. This depleted but chemically homogeneous mantle region was then differenti­
ated into MORB and OlB source regions. The primary (continental crust--mantle) differentiation fractionated the 
Nb/U and Ce/Pb ratios, but the secondary (MORB source-OIB source) differentiation did not. Following the model 
of Hofmann and White [1,2], we suggest that the mechanism chiefly responsible for the secondary differentiation is the 
formation and subduction of oceanic crust. It is volumetrically by far the most important ongoing differentiation 
process on Earth and, over the course of Earth history, has created at least ten times as much oceanic crust as the 
present-day volume of continental crust. 

Because the residual mantle was homogenized (though depleted in incompatible elements) after the primary 
differentiation, the isotopic and chemical heterogeneities exemplified by the isotope ratios of Sr, Nd, Hr, and Pb, and 
by trace element ratios such as K/Rb, were created during the secondary differentiation. During this process, the bulk 
partition coefficients of Nb and Ce were very similar to those of U and Pb, respectively. This is in contrast with the 
primary differentiation, during which U was more incompatible than Nb, and Pb more incompatible than Ceo 
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1. Introduction 

In this paper, we describe a new way of using 
trace element ratios to constrain the present-day 
composition of the Earth's mantle and its evolu­
tion. This method differs from established ap­
proaches of using isotope and trace element ratios: 
unlike isotope ratios which yield time-integrated 
mother-daughter ratios of the source, and unlike 
conventional indicator ratios like La/Sm, K/Rb, 
or Zr /Nb, all of which are known to be easily 
fractionated by at least some igneous processes 
(for example at small degrees of melting), a trace 
element ratio that is uniform in all types of oc­
eanic basalts (MORB and OIB) and is indepen-

dent of the absolute concentrations of the ele­
ments involved, is almost certainly unfractionated 
relative to the same element ratio in the mantle 
source, regardless of location and general degree 
of source and/or melt depletion or enrichment. In 
other w~rds, the measured element ratio in the 
basalts is the same as the present-day ratio in the 
mantle. 
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Several such ratios have been established in the 
past, e.g. Zr/Hf, Nb/Ta, Ba/Rb, Cs/Rb, KjU 
and Y /Ho [3-7]. In these cases (with the possible 
exception of Cs/Rb), there is good reason to 
believe that the ratios are not only unfractionated 
in the present-day mantle, but that they also rep­
resent the bulk-silicate Earth, which is synony­
mous with the" primitive" -mantle composition. In 
other words, the element pairs behaved so much 
alike during all the processes affecting the con-


























