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Introduction: The time scale and functional shape 

of Earth’s accretion and core formation may be inves-
tigated using the 182Hf (half-life: 9 Myr)-182W extinct 
nuclide chronometer [1,2] because the Hf/W ratio is 
fractionated both strongly and uniquely by core forma-
tion. W is partitioned into the metal phase and Hf into 
the silicate mantle during the formation of the Earth. 
The core will develop a deficit in 182W, while the sili-
cate Earth will develop a 182W excess during the early 
stages of accretion. If the accretion process continues 
for more than 50 Myr, this difference may be erased. 
The two most important parameters used for such cal-
culations in the past have now been drastically 
changed by the new results of Yin et al. [3,4]. First, 
according to the new results, the silicate Earth has a 
radiogenic W isotope signature of εW(CHUR) = +2 (in 
contrast to the previous value of +0.2 ±0.3 of Lee and 
Halliday [4]), and second, the initial solar 182Hf/180Hf 
has been lowered from 2.75x10-4 [5] to 1.0x10-4 [3,4]. 

Results and discussion: Here we present new 
model results for the Hf-W system using the con-
straints from the revised CHUR parameters. The mod-
els are based on isotopic and chemical mass balance 
between a primitive nebular reservoir, the primitive 
mantle and the core. An example of accretion histories 
investigated is shown in Fig. 1. 

 
Figure 1. Solid curves show accretion histories with expo-
nentially decreasing rates of accretion. The mean time of 
accretion (in Myr) is shown for each curve. The model of 
Wetherill [6] is shown for comparison. 

 
The results for these particular accretion histories  

are shown in Fig. 2. Here ∆εW = εW(BSE) - εW(CHUR) 
is the differential evolution of 182W/183W in a particular 
reservoir compared to the new chondritic evolution. 

 
Figure 2. Resulting εW –evolution histories for the accretion 
histories shown in Fig. 1.  The shaded band shows the pre-
sent value of the silicate earth relative to chondrites.   

 
First, as shown in Fig. 2 Wetherill’s [6] model 

does not produce a sufficiently radiogenic W isotope 
composition for the silicate Earth and can therefore be 
ruled out as a viable model. For a model with an expo-
nentially decreasing accretion rate, a mean time of 
formation for the Earth of 10 Myr will yield the ob-
served εW-value of the Earth. The results of using a 
variety of accretion histories from dynamical accretion 
models have the following features in common: 1) 
they can produce the observed radiogenic εW value of 
the silicate Earth, provided the initial growth stage of 
the Earth is rapid (> ~65% completed in the first 10 
Ma), 2) the remaining growth must be effectively fin-
ished in another 20-40 Ma.  

The W isotope composition of the Moon has now 
been revised from εW = +6 down to a value of only 1.3 
εW units higher than the Earth [7] and 3.2 εW units 
higher than chondrites. However, as discussed in a 
separate abstract [8], the interpretation of εW-data for 
lunar samples should be treated with some caution 
until it can be verified that they are not due to analyti-
cal artifacts. 

Our modeling shows that late (> 50 Ma) giant im-
pacts result in a εW value in the Earth of less than 0.5 
εW units higher than chondrites and that the Moon 
most likely form with a εW -value close to 0. Thus, 
from the calculations illustrated in Fig. 3 it is neces-
sary to have the Moon form by a giant impact at ~25-
30 Myr. 
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Figure 3. The figure shows the εW evolution of the Moon 
subsequent to its time of formation (in Myr) by a giant im-
pact on the Earth.  

 
Conclusions: The main stage of accretion of the 

Earth (~65%) is completed in 10 Myr and the remain-
ing growth must be effectively finished in another 20-
40 Myr. The formation of the Moon, if by a giant im-
pact, happened at ~ 25-30 Myr subsequent to Solar 
System formation. A scenario in which the Earth’s 
core is formed after 60 Myr and the Moon simultane-
ously by a giant impact is now implausible. 
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