
AN ESTIMATE OF THE MASS OF THE DEPLETED MANTLE    Youxue Zhang, Department of Earth & 
Environmental Sciences, the University of Michigan, Ann Arbor, MI 48109-1005, USA <youxue@umich.edu>  

 
 
Introduction:  The mass of the depleted MORB 

mantle has been estimated numerous times but the 
range is large, from the upper mantle to almost the 
entire mantle [1-4].  Although Salters and Stracke [5] 
argued that the continental crust (CC) and depleted 
MORB mantle (DMM) do not seem to be complemen-
tary reservoirs, in this report, I reevaluate the mass 
balance by using all elemental concentrations in the 
bulk silicate Earth, DMM and CC.  In the reevaluation, 
individual elements are examined to determine which 
elements agree with the mass balance, and which ele-
ments have difficulties to be reconciled, so that future 
research may explain the discrepancy.  It will be 
shown that for most elements, CC and DMM are com-
plementary and mixing them at some proportions 
would achieve BSE composition within errors.  Based 
on the result, the mass of DMM is estimated. 

Mass Balance:  The mass balance equation is:  
     Ci,BSE = FCCCi,CC + (1–FCC)Ci,DMM,  
where Ci,BSE, Ci,CC, and Ci,DMM are the concentrations 
of element i in BSE [6], CC [7] (with relative errors 
assumed to be two times that for upper crust) and 
DMM [5], and FCC is the mass fraction of CC and (1–
FCC) is the mass fraction of DMM to add up to BSE.  
Data are available for 52 elements. Hence, FCC can be 
expressed as:  
     FCC = (Ci,BSE – Ci,DMM)/(Ci,CC – Ci,DMM), 
and calculated for every element i using the concentra-
tions from literature with their estimated errors.  Error 
propagation is used to estimate FCC on every element, 
and the weighted average of FCC is 0.0243±0.0017. 
How well individual elements satisfy the mass balance 
is examined by plotting (Ci,BSE – Ci,DMM) vs. (Ci,CC – 
Ci,DMM), as in Figs. 1a-1d.  
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Fig. 1. (Ci,BSE – Ci,DMM) vs. (Ci,CC – Ci,DMM), with increasing 
zooming-in for elements with low concentrations. The solid 
line is (Ci,BSE – Ci,DMM) = 0.0243(Ci,CC – Ci,DMM). 
  

Figures 1a-1d reveal that major elements do not 
provide much constraint, and most trace elements are 
consistent with CC and DMM being complementary 
within error, but there are also exceptions, including P, 
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S, Cl, K, Ti, Rb, Nb, Cd, Cs, Ba, Re, Tl, Pb, Bi, Th and 
U.  Another way to view the data more clearly in a 
single diagram is to plot ln|Ci,BSE – Ci,DMM| vs. ln|Ci,CC – 
Ci,DMM|,  
     ln|Ci,BSE – Ci,DMM| = ln|Ci,CC – Ci,DMM| + lnFCC, 
as shown in Fig. 2. Absolute values of concentration 
differences are used because logarithm of a negative 
value is not real. If CC and DMM are complementary, 
the plot should be linear with a slope of 1 with inter-
cept being lnFCC.  As can be seen in Fig. 2, this expec-
tation is satisfied for most elements. 
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Fig. 2. ln|Ci,BSE – Ci,DMM| vs. ln|Ci,CC – Ci,DMM| to show the 
existence of a linear relation with a slope of 1. 
 

Figures 1 and 2 demonstrate that although there are 
exceptions, the assumption that CC and DMM are 
complementary works well for most elements. Excep-
tions could be real or could be due to errors in estimat-
ing the specific concentrations. 

Adopting the mass balance model, the mass ratio of 
CC to DMM is 0.0243:0.9757.  Taking the mass of CC 
to be (2.18±0.02)×1022 kg [8], the mass of DMM with 
average composition in [5] is (8.75±0.64)×1023 kg.  
Adding the mass of CC and oceanic crust, the initial 
mass of DMM would be (9.03±0.64)×1023 kg.  Hence, 
crust+DMM accounts for (22.4±1.6)% of BSE.  The 
mass of crust+DMM corresponds to the mass from the 
surface to 550-560 km depth, which is somewhat sur-
prising because most estimates would have DMM 
mass to be at least the upper mantle to 670 km depth.  
DMM in [9] is not used because fewer elements are 
assessed. Because DMM in [9] is more depleted, using 
it would imply an even smaller mass.  

An Extraction Model:  Although CC is not direct-
ly from the partial melting of the mantle, especially in 
terms of major elements, it is nonetheless interesting to 
examine whether trace elements in DMM can be relat-
ed to BSE by treating DMM as mantle residue of par-
tial melting of BSE using assessed partition coeffi-
cients of trace elements [9]. A batch melting model is 

used. If all melt in the partial melting model is extract-
ed from the mantle, the residual mantle would be too 
depleted in the highly incompatible elements. Howev-
er, by allowing a small fraction of the melt to be re-
tained by the residual mantle,  

  
Ci,DMM =

Ci,BSE

1− Fmelt + Fkept
[

Fkept + Di(1− Fmelt )
Fmelt + Di(1− Fmelt )

] , 

DMM composition can be roughly matched by a total 
degree of partial melting (Fmelt+Fkept) of 2.8%, with 
about 0.5% (Fkept) retained in the mantle, meaning ex-
traction of ~2.3% of melt (Fmelt) from the mantle.  The-
se percentages vary with choices of mantle composi-
tions and partition coefficients. The fractions of melt 
extraction to produce DMM and CC from two different 
methods (~2.3% vs 2.43±0.17%) are roughly con-
sistent, suggesting self-consistency among the models 
although the results are somewhat surprising. 

The Exceptions:  Exceptions (those inconsistent 
with the mass balance model) include P, S, Cl, K, Ti, 
Rb, Nb, Cd, Cs, Ba, Re, Tl, Pb, Bi, Th and U.  For P, 
S, Cl, Ti, Nb, and Cd, the concentrations in 
0.0243(CC)+0.9757(DMM) are lower than that in 
BSE.  For K, Rb, Cs, Ba, Tl, Pb, Bi, Th and U, the 
concentrations in 0.0243(CC)+0.9757(DMM) are 
higher than in BSE.  Some of these are easy to explain.  
For example, Cl in the oceans would be able to recon-
cile this element.  Some have been noted before (e.g., 
Hofmann et al., 1986; Saunders et al., 1988).  Some 
might be due to errors in the estimations.  Note that all 
heat-generating elements, K, Th and U, are not recon-
ciled.  Future research will shed light on the elements 
for which CC and DMM are not complementary. 

Summary:  Mixing CC and DMM at 0.0243: 
0.9757 proportion would roughly produce the BSE.  In 
addition, average DMM may be viewed to be produced 
from the upper mantle by 2.9% partial melting, of 
which 2.4% is extracted to eventually form the conti-
nental crust, and the remaining 0.5% melt and the re-
sidual solid phases forming DMM.  The mass of DMM 
is about 83% of that of the upper mantle. 
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