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ABSTRACT

The Younger Dryas Impact Hypothesis (YDIH), first proposed in 2007, holds that an extraterrestrial body impacted
or burst in the air over North America about 12,800-12,900 years ago and contributed to the onset of Younger Dryas
cooling, the disappearance of the Clovis Culture, and the Pleistocene megafaunal extinction. This study examines
the use of tendentious language and logical fallacies by four papers that oppose the YDIH — Pinter and Ishman
(2008), Pinter et al. (2011), Boslough et al. (2012), and Holliday et al. (2023) — through a sentence-by-sentence
audit of their narrative content. Across the four papers, rhetoric of this kind appears in nearly four in ten narrative
sentences audited — a rate more than four times higher than that found in a comparison sample of evidentiary (data-
focused) papers on either side of the debate. When opposition to a hypothesis relies this heavily on rhetoric and
logical fallacies rather than evidence and analysis, readers are entitled to ask what, if anything, in the oppositional

literature can be taken at face value.
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Introduction

The focus of this article is the Younger Dryas Impact
Hypothesis (YDIH), first proposed by Firestone et al. (2007)
[1]. The hypothesis posits that about 12,900 years ago, a
comet struck or burst in the atmosphere over North America,
triggering an “impact winter.” The hypothesis immediately
became controversial, and the published criticism of it now

forms a substantial literature of its own. The four critical
papers total to 128,348 words.

This study does not weigh the evidence for or against
the YDIH but instead examines the language in which
opposition to the hypothesis has been expressed — specif-
ically, the extent to which that language relies on improper
rhetoric and logical fallacies rather than on evidence and
analysis.
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Methods

The four opposition papers selected for this study share a
common character: they are extended critical assessments
that argue against the YDIH rather than papers that report
new empirical findings. A fifth opposition paper, Surovell
et al. (2009), was excluded from this set because it is a data
paper — an attempted replication of the YDIH microspher-
ule evidence — not a critical review [2]. Its language is
assessed later alongside two other evidentiary papers, on the
same terms.

Every narrative sentence in each of the four papers was
evaluated for tendentious language and logical fallacies.
For this purpose, a narrative sentence is one that advances
an argument, reports a finding, characterizes evidence, or
makes a claim — in short, a sentence that bears directly on
the scientific case being made. Table captions, table headers,
footnotes, reference entries, section headings, and proce-
dural statements (“Samples were analyzed by SEM”) were
excluded. All quotations were verified against the published
text.

Artificial intelligence was used for initial screening, which
saved considerable time, reduced the likelihood that relevant
passages would be overlooked, and avoided reviewer bias.
Every candidate sentence identified in screening was then
reviewed, and none was included unless it clearly exhibited
improper language. Final decisions were made by the author.

The threshold for evaluating a sentence went beyond
ordinary scientific disagreement. Papers that challenge
a hypothesis naturally use strong language, and not every
pointed phrase qualifies. What crossed the line here were
recurrent patterns: skeptical qualifiers applied before evi-
dence is examined (“purported,” ‘“so-called,” “claimed,”
“supposed”); labels that pre-judge the outcome (“requiem,”
“fatally flawed”); statements attributing motive, bad faith,
or incompetence without evidentiary support; ad hominem
attacks; and so on.

Note that this study examines words and arguments as they
appear in the published text. No inference is drawn about
the intentions, competence, or character of the authors; the
analysis is confined to what the sentences say and how they
say it.

Results

Below are summaries of the analyses of the four critical
papers. A full report on each is in the Appendices.

Pinter & Ishman (2008) [3]
Paper: Pinter, N. and Ishman, S.E. (2008) “Impacts,
mega-tsunami, and other extraordinary claims.” GSA Today,
v. 18, no. 1 (Appendix 1).

This is the first and the shortest of the four papers, and the
most heavily rhetorical throughout. It has only 51 narrative

sentences, and more than half contain improper language.
No section of the paper is free of it and the opening and clos-
ing paragraphs are entirely rhetorical Table 1.

Pinter et al. (2011) [4]

Paper: Pinter, N., Scott, A.C., Daulton, T.L., Podoll, A.,
Koeberl, C., Anderson, R.S., and Ishman, S.E. (2011) “The
Younger Dryas impact hypothesis: A requiem.” Earth-
Science Reviews, v. 106, p. 247-264 (Appendix 2).

This paper contains substantial stretches of clean scien-
tific prose in the technical middle sections where data are
reported. The sections that frame the argument — Abstract,
Introduction, and Conclusions — carry the weight, and 73%
of the sentences in the Conclusions are faulty Table 2.

Table 1: Distribution of sentences containing loaded language and
logical fallacies across paragraphs in Pinter and Ishman (2008).

Total With loaded
Paragraph sentences language/fallacies Rate
911 (Opening) 3 3 100%
912 (Chevrons/craters) 8 3 38%
113 (Chevron terminology) 4 1 25%
114 (YDIH introduction) 4 3 75%
95 (YDIH evidence) 10 7 70%
116 (Evidence continued) 6 3 50%
117 (Ubiquitous spherules) 5 1 20%
118 (Nanodiamonds) 4 2 50%
99 (Other evidence) 5 2 40%
1110 (Closing) 2 2 100%
TOTAL 51 27 52.9%

Table 2: Distribution of sentences containing loaded language and
logical fallacies across sections in Pinter et al. (2011).

Total With loaded
Section sentences language/fallacies Rate
Abstract 12 9 75%
§1 Introduction 18 1 61%
§1.1 The hypothesis 22 8 36%
§2 Early YDB markers
(§2.1-2.6) 68 12 18%
§2.7 Summary 8 6 75%
§3 Remaining markers intro 3 1 33%
§3.1 Carbon spherules 28 6 21%
§3.2 Magnetic grains/
spherules 32 8 25%
§3.2.1 Additional results 22 3 14%
§3.3 Wildfire/fire evidence 38 10 26%
§3.3.1 Additional results 16 2 12%
§3.4 Nanodiamonds 42 8 19%
§4 Discussion 8 5 62%
§4.1 Catastrophic vs. non-
catastrophic 28 14 50%
§4.2 Terrestrial vs. ET 18 6 33%
§4.3 Impact signatures at
YDB 22 10 45%
§5 Conclusions 30 22 73%
TOTAL 415 141 34.0%




Boslough et al. (2012) [5]

Paper: Boslough, M., Nicoll, K., Holliday, V., Daulton, T.L.,
Meltzer, D., Pinter, N., Scott, A.C., Surovell, T., Claeys,
P, Gill, J., Paquay, F., Marlon, J., Bartlein, P., Whitlock,
C., Grayson, D., and Jull, AJ.T. (2012) “Arguments
and Evidence Against a Younger Dryas Impact Event.”
Climates, Landscapes, and Civilizations, AGU Geophysical
Monograph Series 198, pp. 13-26.

This paper has the lowest overall rate of the four (32.9%),
reflecting physics content in §2.2 and legitimate paleoclimate
discussion in §3.2. The tendentious rhetoric concentrates in
the sections most readers will see first and last — the Abstract,
Introduction, and Conclusions Table 3 (Appendix 3).

Holliday et al. (2023) [6]

Paper: Holliday, V.T., Daulton, T.L., Bartlein, PJ.,
Boslough, M.B., Breslawski, R.P., Fisher, A.E., Graybill,
I.A., Pinter, N., Scott, A.C., Surovell, T.A., et al. (2023)
“Comprehensive Refutation of the Younger Dryas Impact
Hypothesis (YDIH).” Earth-Science Reviews 247: 104502
(Appendix 4).

The longest at 96,345 words, this paper contains approxi-
mately 537 narrative sentences. Of these, 170 contain tenden-
tious language or logical fallacies (31.7%) Table 4. The high-
est concentrations again appear in the framing sections — the
Abstract (88%), §15 Promotion Outside Science (56%), and
the Conclusions (73%) — but unlike the other three papers,
such language also appears in the technical sections, where no
section is free of them. The infractions are distributed across
twenty-five categories. The most frequent are overstatement
(22 instances), dismissive characterization (20), prejudicial
qualifiers such as “purported” and ‘“‘so-called” (15), preju-
dicial framing (14), and accusations of falsehood (14). The

Table 3: Distribution of sentences containing loaded language and
logical fallacies across sections in Boslough et al. (2012).

Total With loaded
Section sentences language/fallacies Rate
Abstract 12 7 58%
§1 Introduction 28 14 50%
§2 Fundamental Flaws
header 4 3 75%
§2.1 Inconsistencies 10 5 50%
§2.2 Physical Implausibility 32 4 12%
§2.3 Infinitesimal Likelihood 18 6 33%
§3 Evidence-Based
Arguments intro 10 5 50%
§3.1 No Impact Markers
or Crater 18 6 33%
§3.2 Nonunique Events
(§3.2.1-3.2.5) 28 4 14%
§3.3 Irreproducibility
(§3.3.1-3.3.6) 38 8 21%
§3.4 Radiocarbon Dating 16 5 31%
§4 Conclusions 8 6 75%
TOTAL 222 73 32.9%
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paper also contains ad hominem attacks (12), accusations of
incompetence (6), condescension (8), motive imputation (4),
guilt by association (5), the pseudoscience label (3), and lan-
guage — documented in the Appendix — that is close to that
used in formal misconduct investigations. Borderline cases
were resolved in favor of the authors, and the count reported
here represents a conservative application of the criteria
described in the Methods section; a less restrictive reading of
the same criteria would yield a higher figure.

The range of derisive vocabulary deployed in this single
paper is likely unprecedented in the peer-reviewed literature.
Prejudicial qualifiers applied to YDIH evidence before it is
examined — ‘purported,” ‘claimed, ‘supposed, ‘so-called,’
‘proclaimed,” ‘alleged,” ‘putative’ — appear scores of times.
Dismissive characterizations include ‘fanciful,’” ‘baseless,’
‘spurious,” ‘meaningless,” ‘preposterous,’” ‘ridiculous,” ‘non-
sensical,” ‘outlandish,” ‘bizarre,” ‘absurd,” ‘dubious,” “point-
less,” and ‘pure fiction.” Accusatory terms include ‘falsely,’
‘misleading,’” ‘misstatements of fact,” ‘blatantly untrue,’
‘deceptive,” ‘negligent,” and ‘malfeasance.” Terms implying
incompetence — ‘misunderstanding,” ‘misinterpretation,’
‘misperception,” ‘misapprehension,” ‘befuddled’ — appear
more than thirty times. Delegitimizing labels include ‘pseu-
doscience,” ‘pseudoarchaeological,” ‘fringe science, and
‘not rooted in science.” No comparable vocabulary appears
in any of the evidentiary papers examined in this study or in
any other scientific paper with which the author is familiar.

Table 4: (Holliday et al. 2023): Distribution of sentences containing
loaded language and logical fallacies across sections in Holliday
et al. (2023).

Total With loaded
Section sentences language/fallacies Rate
Abstract 16 14 88%
§1 Introduction 28 18 64%
§2 Defining the Younger
Dryas 22 3 14%
§3 Flawed Fundamental
Assumptions 38 29 76%
§4 Flawed Sampling 20 13 65%
§5 Inadequate Dating (all) 55 22 40%
§6 Misinterpreted Black
Mats 28 4 14%
§7 Multifarious Impact
Scenarios 30 7 23%
§8 Impact Indicators/Craters 25 4 16%
§9 Wildfires/Charcoal 32 5 16%
§10 Microspherules 35 2 6%
§11 Platinum 22 2 9%
§12 Nanodiamonds 40 5 12%
§13—14 Other Evidence/
Abandoned; Same
Specimens 31 7 23%
§14 Promotion Outside
Science 18 10 56%
§15 Discussion 35 9 26%
Conclusions 22 16 73%
TOTAL ~537 ~170 31.7%
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Accusatory language tantamount to
allegations of misconduct

Two statements in Holliday et al. (2023) earn special
emphasis:

Evidence and arguments purported to support the YDIH
involve flawed methodologies, inappropriate assumptions,
questionable conclusions, misstatements of fact, mislead-
ing information, unsupported claims, irreproducible obser-
vations, logical fallacies, and selected omission of contrary
information.

Claiming that a paper states the opposite conclusion to
make a point about purported impacts represents scientific
malfeasance.

These accusatory phrases are the language of univer-
sity and agency scientific misconduct investigations, even
though no such allegations have been made against any
YDIH proponent.

Evidentiary papers

The four opposition papers analyzed above are extended
critical reviews that argue against the YDIH. An obvious
question is whether comparable rates of loaded language and
logical fallacies appear in evidentiary papers—that is, ones
whose primary purpose is to report new data rather than to
mount a critical review. To answer, we consider a sample
of three evidentiary papers: Firestone et al. (2007), Surovell
et al. (2009), and Kennett et al. (2015) [7]. The threshold for
evaluating a sentence is the same for these three as in the
main study.

Firestone et al. (2007)

Paper: Firestone, R.B.; West, A.; Kennett, J.P.; Becker,
L.; Bunch, T.E.; Revay, Z.S.; Schultz, P.H.; Belgya, T.;
Kennett, D.J.; Erlandson, J.M.; et al. “Evidence for an
Extraterrestrial Impact 12,900 Years Ago that Contributed
to the Megafaunal Extinctions and the Younger Dryas
Cooling.” Proc. Natl. Acad. Sci. USA 2007, 104(41),
16016-16021 (Appendix 5).

This paper founded the Younger Dryas Impact Hypothesis.
It is a data-dense, six-page PNAS article presenting seven
categories of evidence from ten Clovis-age sites and fif-
teen Carolina Bays across North America and one site in
Belgium. The paper is organized along standard lines: evi-
dence by impact marker type, then a Discussion addressing
each marker category, the nature of the event, environmental
effects, and the fate of Clovis people and megafauna.

The rhetorical issues concentrate in the Abstract, the open-
ing Introduction paragraph, the “Nature of the Event” subsec-
tion of the Discussion, and the Conclusions. The infractions
are considerably less severe, less pervasive, and less struc-
turally central than those documented in the four opposition
papers analyzed in the main study. The manuscript contains

approximately 175 narrative sentences. Of these, 12 contain
loaded language or logical fallacies (6.9%) Table 5.

Surovell et al. (2009)
Paper: Surovell, T.A., Holliday, V.T., Gingerich, J.A.M.,
Ketron, C., Haynes, C.V., Hilman, 1., Wagner, D.P., Johnson,
E., and Claeys, P. (2009). “An independent evaluation of the
Younger Dryas extraterrestrial impact hypothesis.” Proc.
Natl. Acad. Sci. USA 106(43): 18155-18158 (Appendix 6).
The authors searched for extraterrestrial microspherules
at seven Younger Dryas sites, including two examined by
Firestone et al. (2007): Blackwater Draw and Topper. At
three sites, including Topper, they found no microspherule
peaks at any stratigraphic level; at the other four, including
Blackwater Draw, they found microspherules but no peak
at the YDB. Their abstract concluded that they found “no
support for an extraterrestrial cause of the YD event and
New World Pleistocene extinctions.” But this is a classic
absence-of-evidence argument. They had shown that they
had not been able to replicate the microspherule peaks, not
that such peaks were inherently irreproducible. Firestone
et al. (2007) included a photograph of microspherules from
Blackwater Draw and three other sites — proof of existence
that Surovell et al. do not mention. The manuscript contains
approximately 60 narrative sentences. Of these, 8 contain
loaded language or logical fallacies (13.3%) Table 6.

Kennett et al. (2015) [7]

Paper: Kennett, J.P., Kennett, D.J., Culleton, B.J., et al.
(2015). “Bayesian chronological analyses consistent with
synchronous age of 12,835-12,735 Cal B.P. for Younger
Dryas boundary on four continents.” Proc. Natl. Acad. Sci.
USA 112(32): E4344-E4353 (Appendix 7).

An extraterrestrial impact would have been instantaneous,
so that, if the YDIH is correct, within the precision of the
radiocarbon method the age of the YD boundary should be
synchronous wherever it is sampled.

In2014,Meltzeretal. published apapertitled “Chronological
evidence fails to support claim of an isochronous widespread
layer of cosmic impact indicators dated to 12,800 years ago.”

Table 5: Distribution of sentences containing loaded language and
logical fallacies across sections in Firestone et al. (2007).

Total Faulty
Section sentences sentences Rate
Abstract 8 2 25%
Introduction 12 2 17%
Results (all marker sections) 55 0 0%
Discussion — Age/Peaks/Markers/
Iridium/Ice Core/Radioactive 50 2 4%
Discussion — Nature of Event/
Environmental Effects/Climate 30 4 13%
Discussion — Clovis and Megafauna 10 1 10%
Conclusions 10 1 10%
TOTAL 175 12 6.9%




Table 6: Distribution of sentences containing loaded language and
logical fallacies across sections in Surovell et al. (2009).

Section Total sentences Faulty sentences Rate
Abstract 4 0 0%
Introduction 4 0 0%
Results 28 2 7%
Discussion 16 5 31%
Methods 8 1 13%
TOTAL 60 8 13.3%

Their abstract concluded, “There is no reason or compelling
evidence to accept the claim that a cosmic impact occurred
~12,800 y ago and caused the Younger Dryas.” [8].

By the time Kennett et al. submitted their paper, the YDIH
proponents had been publicly criticized not only by Meltzer
et al. (2014) but also in the first three opposition papers ana-
lyzed in this study. It would have been understandable had
Kennett et al. (2015) responded in kind, but they did not.

Kennett et al. reported radiocarbon dates for 23 YDB sites
in 12 countries on four continents and found that the “...ages
are consistent with synchronous deposition of the YDB layer
within the limits of dating uncertainty (~100 y).” The man-
uscript contains approximately 210 narrative sentences. Of
these, 11 contain loaded language or logical fallacies (5.2%)
Table 7.

Summary

Table 8 summarizes the results of the seven analyses. The
average rate of faulty sentences for the four critical review
papers is 37.8% and for the three evidentiary ones, 8.3%,
more than a fourfold difference.

Limitations

Classifying tendentious language and logical fallacies
requires judgment, and two analysts applying the same cri-
teria would not necessarily produce identical results. The
percentage figures reported here should not be mistaken for
the kind of precision that attaches to physical measurements.

Table 7: Distribution of sentences containing loaded language and
logical fallacies across sections in Kennett et al. (2015).

Total Faulty
Section sentences sentences Rate
Abstract + Significance 18 0 0%
Introduction 45 5 1%
Results 105 6 6%
Bayesian background + Synchroneity 25 0 0%
Conclusions 17 0 0%
TOTAL 210 1 5.2%
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The presence of such language does not by itself determine
the correctness of scientific conclusions.

What would not shift materially is the relative difference
between the two groups of papers. For that gap to disappear, an
analyst would have to reclassify hundreds of sentences in the
critical reviews while leaving the evidentiary papers largely
unchanged, or find comparable hundreds of faulty sentences
in the evidentiary papers that this study overlooked. Neither
outcome is plausible under any reasonable application of the
criteria described in the Methods section. The figures are best
understood as indicative of the patterns found.

Conclusion

The pattern matters because language does not merely color
a scientific disagreement — it affects how readers judge
the researchers on the other side of an argument. The four
critical reviews examined in this study contain, on average,
loaded language or logical fallacies in roughly four in ten
narrative sentences — a rate more than four times that found
in evidentiary papers on either side of the debate. Critical
reviews are apt to employ stronger evaluative language
than data papers, but the difference documented here goes
well beyond evaluative language. It extends to ad hominem
attacks, motive imputation, guilt by association, accusations
approaching the language of misconduct investigations, and
the repeated application of prejudicial labels — “pseudosci-
ence,” “fringe science,” “cautionary tale” — before the evi-
dence under discussion has been assessed.

The effect of such language is cumulative. A reader who
encounters “purported” or “so-called” once may register a
reasonable note of caution; one who encounters such qualifi-
ers dozens of times across a single paper is being led toward
a conclusion about the researchers rather than about the evi-
dence. Loaded rhetoric does not ask readers to weigh evi-
dence; it asks them to distrust the people who produced it.
When peer-reviewed papers in respected journals question
the competence and motives of their opponents, treat the nor-
mal revision of ideas as evidence of bad faith, and frame a
hypothesis as a danger to the scientific community, the dam-
age extends beyond the immediate controversy. If that claim

Table 8: Summary of the analyses.

Sentences  Faulty

Paper analyzed sentences Rate
Critical-Review Papers

Pinter & Ishman (2008) 51 27 52.9%
Pinter et al. (2011) 415 141 34.0%
Boslough et al. (2012) 222 73 32.9%
Holliday et al. (2023) 536 169 31.5%
Evidentiary Papers

Firestone et al. (2007) — introduction 175 12 6.9%
Surovell et al. (2009) — opposition 60 8 13.3%
Kennett et al. (2015) — pro-YDIH 210 1 5.2%
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is accepted at face value, it indicts not only a hypothesis but
the institutions and processes on which scientific credibility
depends. In that sense, the issue is not only the fate of a single
hypothesis, but the preservation of the evidentiary standards
by which scientific claims should be judged.
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