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The formation of planets from the solar nebula was a multistage 

process associated with different chemical and physical processes 
that led to relative enrichment and depletion of elements.  Important 
differentiation processes in the early solar system include (i) solid 
matter condensation from the solar nebula, (ii) evaporation and re-
condensation of volatile elements, (iii) core formation and (iv) 
silicate mantle differentiation in planetary bodies. The time, duration 
and extent of these processes can be studied using stable and 
radiogenic isotopes combined with data on element abundances. 

The fractionation of the stable isotopes of the heavy and volatile 
element Cd and the comparison of the isotope effects with Cd/Zn 
ratios provides evidence for the redistribution of material by 
evaporation and re-condensation processes prior and during the 
formation of planetesimals. 

Analyses of radioactive parent-daughter systems can provide 
absolute time constraints on fractionation processes. In order to 
obtain chronologic information with a time resolution close to 1 Myr 
it is helpful to employ systems where (i) parent and daughter display 
large fractionation effects, (ii) the parent is abundant, (iii) the rate of 
decay is high and (iv) precise measurements of the daughter isotopes 
are possible. These conditions are best met by short-lived isotope 
systems. The only long-lived system that can provide such a high 
time resolution is the paired decay of 238U and 235U to 206Pb and 
207Pb. This system is only useful if undisturbed and separable phases 
are available. In this case, it can also be used to calibrate extinct 
nuclide systems, which provide only relative age information [1-3]. 

Depending on their geo- and cosmochemical behavior, the short-
lived isotope systems can provide time constraints on specific 
differentiation processes. One example is the decay of 182Hf to 182W 
(t1/2 = 9 Ma). Since Hf is lithophile and W is siderophile, this pair is 
particularly suitable to date metal-silicate segregation. 182Hf -182W 
systematics indicate that the final silicate-metal equilibration 
occurred on Vesta ~4 Myr, on Mars ~12 Myr and on Earth ~33 Myr 
after CAI condensation [2,3].  Hf and W can be further fractioned by 
silicate differentiation. If this process occurred in the first 50 Myr it 
should result in detectable 182W variations in the silicate mantles of 
planets. Such 182W variations have been detected in samples from 
Mars [4,5] and possibly from the Moon [6], but have not yet been 
found on Earth.  Silicate fractionation also modifies the ratios of the 
two lithophile elements Sm and Nd. If this process occurred in the 
first few 100 Myr, it should be indicated by 142Nd anomalies. 
Combined 182W- 142Nd data indicate that silicate fractionation on 
Mars occurred between ~12 and ~20 Myr, and most likely between 
~50 and ~150 Myr after CAI condensation [4]. The absence of 182W 
variations in Earth's mantle is consistent with 142Nd data for Archean 
samples that constrain the oldest preserved silicate differentiation to 
~4.46 Ga [7-8]. At this time 182Hf was effectively extinct. 
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