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We recently reported the results of the first ever ion microprobe study 
of Ti contents, and corresponding Ti-in-zircon crystallization tempera-
tures (T ), of zircon from throughout the stratigraphy of a differentiat-
ed impact melt sheet (Kenny et al., 2016). We appreciate the discussion 
points presented by Wielicki et al. (2016), and this opportunity to further 
clarify the aims and conclusions of our study. 

From our data for the Sudbury impact melt sheet, Ontario, Canada, we 
concluded that: (1) earlier Ti-in-zircon data from the melt sheet obtained 
by laser ablation–inductively coupled plasma–mass spectrometry (LA-
ICPMS; Darling et al., 2009) are higher than our secondary ion mass 
spectrometry (SIMS) data and this is likely due to analytical issues 
associated with LA-ICPMS, such as downhole fractionation; (2) our new 
SIMS data show a trend from higher Ti contents, and corresponding 
T , in zircons from the basal norite to much lower values (down to 1.2 
± 0.1 ppm Ti) in the overlying felsic products of differentiation, known 
as the granophyre; (3) the strong differentiation of the impact melt sheet, 
which is likely necessary to achieve such low Ti contents in zircon, may 
be related to the subaqueous nature of the impact crater and the insulating 
effects of the anomalously thick overlying crater fill; and (4) our new 
SIMS Ti and T  values for the Sudbury impact melt sheet fully overlap 
with the range of values observed in detrital Hadean zircons. 

In their Comment, Wielicki et al. used a particular statistical method 
(p-values for Kolmogorov-Smirnov tests) for comparing the Ti distribu-
tion of detrital Hadean zircons with variants of our impact melt sheet 
zircon dataset (12 analyzed samples) combined with previously 
published data for two samples from the high-temperature norite at 
Sudbury, two samples from the Morokweng impact melt sheet, and a 
single sample from the Manicouagan crater. Notwithstanding concerns 
that p-values are a “poor measure of dissimilarity between samples” due 
to the large effect that sample size has on their outcome (Vermeesch, 
2013, p. 145), we are not surprised at Wielicki et al.’s conclusion that the 
distribution of Ti contents in zircon sampled from younger impact melts 
are not statistically identical to the Hadean detrital zircon record. It is 
important to state that it was never our aim to quantitatively predict the 
exact yield and distribution of zircon Ti values from the Sudbury melt 
sheet. Any serious attempt at modeling the possible detrital zircon yield 
from the Sudbury impact structure would not only require knowledge of 
the relative contribution of each lithology to total zircon delivery into a 
hypothetical detrital system, but also those from affected footwall and 
basin fill lithologies. We question whether the sparse data from two other 
impact craters are any more representative of impact melt sheet zircon 
yields. 

Moreover, it is not clear to us that the Hadean detrital zircon popula-
tion lends itself to statistical comparison. Most Hadean grains are from a 
very limited number of locations in Western Australia, and this 
preservational bias makes it impossible to assess how representative the 
recovered grains are of all zircon that would have existed at the time. 
This is further complicated by the >1 Ga time gap between crystallization 
and final deposition, during which the grains experienced multiple stages 
of protracted growth and thermal reworking (e.g., Nelson et al., 2000) 

and sedimentary transport (as evidenced by sedimentary rounding). 
Wielicki et al.’s  assertion that higher-temperature zircons fundamentally 
have lower U and Th contents and are thus more likely to survive 
sedimentary transport is not supported by our observation (Fig. 1) that 
there is no correlation between U or Th and Ti contents in impact melt 
sheet zircon at Sudbury. 

Figure 1. Effective U content versus  in zircons from Sudbury. 

Regardless of the precise details of the impact bombardment distribu-
tion on the early Earth (e.g., Morbidelli et al., 2012), it is beyond doubt 
that impact melting was a major process of crustal reworking in the 
Hadean and Eoarchean. Vast differentiated impact melt sheets were 
therefore a dominant feature of the Hadean-Eoarchean surface no matter 
whether the Earth operated as a single-plate or multi-plate planet. The 
key discovery from our study is that differentiation of large impact melt 
sheets can produce zircon with the full range of Ti contents observed in 
the Hadean detrital dataset. For this reason, we believe that citing 
relatively low Ti contents in Hadean detrital zircon as evidence against a 
melt sheet origin is no longer warranted. 
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