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Reply to Ives and Froese: Regarding the
impact-related Younger Dryas boundary
layer at Chobot site, Alberta, Canada
Ives and Froese (1) challenge the identifica-
tion of the Chobot black mat layer at the
Younger Dryas (YD) boundary (YDB),
claiming that no black mats have been docu-
mented in western Canada (2). To the con-
trary, Haynes, a lead investigator of YD-age
black mats, mapped two YD-age mat sites
in western Canada (figure 1 in ref. 3):
one ∼200 km south of the Chobot site at
Vermillion Lakes in Alberta (12,719 ±
156 cal BP) and another at the Niske site
in Saskatchewan (12,748 ± 020 cal BP).
Furthermore, Ives and Froese (1) claim

the Chobot black mat is simply an organic
layer of “surface leaf litter and humic mate-
rials” with no evidence for a “black algal
mat.” We do not claim that the mat is algal
in origin (2), nor is that a requirement.
Haynes (3) describes YD black mats as
being “dark gray to black because of in-
creased organic carbon (0.05–8%)” and that
sometimes, the mats are algal, but, often,
the mats are simply enriched in charcoal,
humates, diatomite, and other organics.
Nonalgal black mats are present at Folsom,
NM (3); Arlington Canyon, CA (2, 3);
Sheriden Cave, OH (2); Lommel, Belgium
(2); and Abu Hureyra, Syria (2); as well as
at the Chobot site (2).
Ives and Froese (1) further maintain that

a reported date of 3,645 ± 020 14C y BP (4)
indicates the layer is not the YDB. However,
Firestone (4) argued that the date is invalid,
as are many “problematic radiocarbon dates
reported at other YDB-age sites,” and he dis-
cusses several reasons for the erroneous dates
(4). In particular, because of the shallow
depth of the site, the YDB layer is currently

penetrated by living plant roots and ani-
mal borrows and has been cryoturbated
by past and present freeze–thaw cycles.
Those factors best explain how younger
charcoal moved downward, producing a
date that is stratigraphically inconsistent
with the associated Clovis points. Alter-
nately, the Clovis points may be reworked,
as Ives and Froese (1) suggest, but that
is inconsistent with the closely associ-
ated YDB proxy peaks, which have never
been found outside the YDB in similar
quantities.
In summary, we agree with Ives and Froese

(1) that the Chobot site is challenging be-
cause it is undated. We also agree that some
lithics at the site are non-Clovis, but Chobot
has three acknowledged Clovis points, which
are more than at many Clovis sites. The in-
ferred YDB layer contains five key markers:
Clovis points associated with a black mat,
along with abundance peaks in magnetic
spherules and carbon spherules, containing
nanodiamonds (2, 5). Few to none of those
markers are found in strata above or below
the YDB layer at Chobot or other YDB sites.
The evidence from Chobot may seem unper-
suasive as a single site but is highly consistent
with the multicontinental YDB record. Simi-
lar coeval marker peaks occur at ∼30 dated
YDB sites in 10 countries on four continents.
Thus, the best explanation is that Chobot
contains the YDB layer where indicated.
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