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W/Hf CONSTRAINTS ON CORE FORMATION: NEWSOM, H.E. 

Lee and Halliday [2,3] found a similar W isotope composition for the BSE, and chondrites, compared 
to a distinctly different W isotope composition for iron meteorites. The implication is that core formation in 
the Earth occurred 1 60 Myr, assuming the uncertainties in the isotope measurements, after most or all of the 
182Hf (half life of approximately 9 Myr) in the BSE had decayed to lS2w. By including the uncertainty in 
the Hf/W ratio in the BSE from [4] and using the largest Hf/W ratio for the chondrite groups, a 54 Myr 
estimate of the time of core formation is obtained, not much different from the estimates of [2,3]. The 
variability of the chondritic Hf/W ratio also adds an uncertainty in the method used to determine the initial 
solar system 182~f118%f ratio [2,3]. This method is based on the assumption that the measured 1 8 2 ~ / 1 8 4 ~  
ratios in iron meteorites represents a minimum initial W isotope ratio in the solar system, and that the Hf/W 
ratio in the iron meteorite parent material was "chondritic". Using the range of chondritic Hf/W ratios, the 
calculated range for the initial l S 2 ~ f  ratio from data in [2,3] can vary from 2 2.24 x 10-4 to 1 3.42 x 
10-4. However, even the minimum value for the l S 2 ~ f  /18%f ratio in the solar system does not bring the core 
formation time below 50 Myr. 

Finally we can consider the implications of the delay in "core formation" in terms of the heterogeneous 
accretion theory [7,8]. This theory involves the accretion of the bulk of the Earth (80%-90%) during the first 
stage with core formation occurring under very reducing conditions. During the second stage of accretion 
(10% - 20%), under less reducing conditions, the moderately siderophile elements build up to their present 
abundances. During the last stage of accretion, the "late veneer" (< I%), the highly siderophile elements 
build up to their abundances. In this model, the bulk of the W, now in the BSE, accreted as part of the 
second stage, at which time the ThtW ratio would have been significantly increased over the chondritic ratio. 
Therefore, the Hf-W isotopic system is largely dating the time of the second stage accretion. Because the 
second stage completes 99% of the accretion of the Earth, the Hf-W system is be essentially dating the end of 
accretion. The effect of the late veneer will not be very significant, because the amount of W contributed 
will be less than 17%, assuming a depletion of 0.6 and a maximum size for the late veneer of 1 wt%. An 
interesting possibility is the idea that the moderately siderophile elements in the second stage were accreted 
to the Earth from the impactor that was associated with the formation of the Moon [8]. The isotope data 
would be satisfied If the impact occurred > 50 Myr after most of the Earth formed, and the impactor was 
undifferentiated, or the collision resulted in homogenization of the material contributed to the Earth's mantle. 
This could also explain the similar W isoto e composition of the BSE and the Moon [2,3]. . . 

1 f2 Conclusions: The decay of l S 2 ~ f  to W in the Earth dates the time at which the bulk of the W, now in 
the silicate portion of the Earth, experienced a large increase in the Hf/W ratio. In the case of the 
heterogeneous accretion theory, this represents the second stage enrichment phase involving the final phase 
of the accretion of the Earth, and marks the end of core formation in terms of the moderately siderophile 
elements. The uncertainty in the Hf/W ratio in the bulk silicate Earth, and in the chondrites, implies that the 
limit on the time interval between the formation of the iron meteorites, and the end of core formation for W 
in the Earth is 2 50 Myr, close to the 60 Myr figure of [2,3]. The variability of the Hf/W ratio in chondrites 
also implies a large uncertainty in the calculated initial l S 2 ~ f  /18%f ratio in the solar system, but the 
maximum value of 2 50 Myr remains the same. Because the formation of the terrestrial planets probably 
took much less time than 50 Myr [9], the heterogeneous accretion model may not be correct. Alternatively 
the second stage of accretion occurred as a late event, essentially after core formation, and possibly 
associated with the origin of the Moon. Thus the Hf-W system may actually constrain the origin of the 
Moon, and not the main core formation event associated with the origin of the Earth. 
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