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Reply to Bunch et al.: Younger Dryas
impact proponents challenge new
platinum group elements and osmium
data unsupportive of their hypothesis

Bunch et al. (1) attempt to distort the significance of our results
by referring to percentage variations rather than absolute con-
centrations in platinum group elements (PGE). Table 1 shows
that the highest Ir concentrations we measured within the in-
tervals highlighted by Bunch et al. (1) are roughly 30 times lower
than those they previously reported (2). Readers should note
that Ir data from the University of Hawaii and Belgian labo-
ratories compare well with those from other laboratories using
different analytic methods, and that our data from the Younger
Dryas (YD) sections do not remotely resemble analyses of
sediments from known impact horizons. Bunch et al. (1) im-
plicitly acknowledge that the original data (2) are erroneous by
selectively replotting our data to argue that small variations in Ir
concentrations, 3–5× crustal average, ≈22 pg/g (3), suggest an
extraterrestrial (ET) component. However, it has been known
for nearly 2 decades that Ir enrichments of this magnitude can
easily result from diagenetic redistribution of Ir and are not
indicative of the presence of a meteoritic component (4).
Additionally, the radiogenic 187Os/188Os ratios preclude a
significant extraterrestrial Os component (Table 1).
The fact that we did not attempt to isolate magnetic spherules

for analysis does not undermine our interpretations. The
important and irrefutable point of this study is that two inde-
pendent laboratories with an established experience in PGE
analyses failed to reproduce the previously reported Ir data (2).
If indeed a magnetic, Ir-rich material is present, its abundance
is so very low that it could easily be attributed to non-ET sources.
Additionally, the use alone of magnetic grains as impact
marker, that cannot be corroborated (5), does not provide
diagnostic evidence of an impact event.
Bunch et al. (1) claim that an unpublished Os isotope record

from a slowly accumulating Mn crust lends support for the no-
tion of a YD impact event. However, our marine records show
no indication of strong Ir enrichments and yield 187Os/188Os

ratios very close to that of modern seawater. Mn crusts accu-
mulate slowly (≈1–10 mm/Ma), and this material can never yield
the centennial resolution of our sediment records. Moreover,
the slow accumulation of these crusts is likely to lead to the in-
corporation of small micrometeorite fragments. Previous work
has demonstrated that isolated instances of low 187Os/188Os
ratios in Mn crust surfaces are common (6), thus low 187Os/188Os
in this single crust will never constitute compelling evidence
of an impact.
We are not experts in nanodiamond formation and have clearly

identified our comments about nanodiamonds as speculative.
Given that definitive evidence for either an impact crater or impact
ejecta are lacking, it seems prudent to assume that not all pos-
sible routes to nanodiamond synthesis are known at this time.
In closing we wish to thank Bunch et al. (1) for their comment

because it brought to our attention a typographical error in our
supplemental material (7). Specifically, the results of our TDB-1
referencematerial analyses should read 0.086± 0.012, not 0.086±
0.12 (Table 2 shows the result of individual analyses for clarity).
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Table 2. Ir, Os, and Pt concentrations for five replicates of the diabase international reference
standard TDB-1 (prepared by the Canadian Certified Reference Materials Project)

TDB-1 (n = 6) Ir (pg/g) Os (pg/g) Pt (pg/g)

96.6 101.1 5,557.5
90.5 137.3 6,014.9
73.5 112.3 5,079.0
73.9 119.6 5,245.0
78.7 128.5 5,321.1

103.4 136.7 5,384.8
Average 86.1 122.6 5,433.7
SD 12.6 14.4 325.5

Table 1. Ir concentration from Firestone et al., our reported Ir and 187Os/188Os, and a comparison with the 187Os/188Os of average
continental crust, chondrites, and known impact events (K/Pg-Late Eocene)

Sections
Ir (pg/g) Firestone

et al. (2)
Ir (pg/g) Paquay

et al. (7)

187Os/188Os
measured

187Os/188Os average
continental crust* 187Os/188Os chondrites

187Os/188Os K/Pg-Late
Eocene†

Murray
Springs

2,300 77 1.54 1.4 0.13 0.15–0.28

Lake Hind 3,800 114 (29–31 cm) 1.91‡

75 (30–32 cm)
49 (30–32 cm)

*See ref. 48 in Paquay et al. (7).
†See ref. 33 in Paquay et al. (7).
‡Average of three samples from the same depth interval.
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