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Introduction: The decay of lithophile ¥2Hf into
siderophile ¥2W with a half-life of 9 My can provide
constraints on the timescales of planetary core for-
mation and accretion. Classical accretion scenarios
have produced planets with tungsten isotopic values
like those measured presently on the Earth [2,3]. In
Grand Tack accretion simulations [4,5] terrestrial plan-
et formation occurs more rapidly, and reproducing the
observed tungsten isotopic anomaly for Earth’s mantle
requires nearly complete equilibration between im-
pactor core and target mantle [6]. Another observation-
al constraint arises from the nearly indistinguishable W
isotope anomalies measured for the terrestrial and lunar
mantles [7]. Though it has been shown in models that
moon-forming impactors are statistically unlikely to be
isotopically similar to Earths in the Hf/W system [6,8],
the post last-giant-impact (LGI) Hf/W evolution of the
Earth and Moon complicates the comparison. To this
end, we will evolve post-LGI, differentiated Earths and
Moons in Grand Tack simulations through time to the
present to determine the likelihood of reproducing the
observed match in lunar and terrestrial 182w,

Methods: We model Hf-W evolution for growing
planets in 141 N-body simulations in the Grand Tack
scenario. Partition coefficients are assumed constant
throughout a model run. During collisions, the re-
equilibration of elements between the core and mantle
is calculated following [2]. For each set of models, we
vary the equilibration factor during collisions—the
fraction of impactor core that experiences re-
equilibration with the entire target mantle—in steps
ranging from none (cores merging) to complete equili-
bration. The LGI is modeled assuming the canonical
scenario where the Moon is built from mostly impactor
mantle (no mixing with Earth material) [9]. Pre-impact
isotopic values for the Earth and Theia are compared.

Discussion: For Earth-like and Mars-like surviving
planets, we find that cases with a high equilibration
factor (k > 0.7) were most frequently able to approxi-
mate the observed W measurements for Earth and Mars
(Fig. 1). This may be compared with classical scenarios
in which an equilibration factor k~0.5 is typically
found [2, 3, 10]. The necessity of high equilibration for
Grand Tack models is explained by the faster accretion
timescales compared to classical scenarios.
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Fig 1. Fraction of total Earth-like bodies that match
the pre-late veneer terrestrial tungsten anomaly (ew =
2.2 + 0.15), divided among groups with varying initial
embryo:planetesimal mass ratio. The solid line shows
results from Classical accretion scenarios in [10].

For model moons made entirely of mantle material
from Earth’s last giant impactor (Theia), the probabil-
ity of an Earth-Theia pair achieving a W anomaly
difference Asw < 0.3 when the model Earth ew value
resembles the measured value is 8% across all Grand
Tack simulations (Fig. 2).
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Fig. 2. Counts of ew difference in Earth-Theia pairs
for cases when the model Earth matches the measured
value, ew = 2.2 + 0.15 (this value strips out the effect
of the subsequent late veneer [11]).
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A comparison of final time-evolved moons and
Earths will also be presented. In this set of models,
both post-LGI bodies experience differentiation and
core formation, and !82Hf decay is evolved to the pre-
sent for the moon. The low likelihood of Earth-Moon
ew Similarity in the canonical LGl model indicates that
a scenario where the Moon isotopically equilibrated
with the Earth’s mantle after the impact [12] may be
required to explain the measured values.
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