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Kevin C. Nolan 1*, Andrew Weiland 2, Bradley T. Lepper 3, Jennifer Aultman 3, 
Laura R. Murphy 4, Bret J. Ruby 5, Kevin Schwarz 6, Matthew Davidson 7, DeeAnne Wymer 8, 
Timothy D. Everhart 5, Anthony M. Krus 9 & Timothy J. McCoy 10

arising from: K. B. Tankersley et al.; Scientific Reports https:// doi. org/ 10. 1038/ s41598- 022- 05758-y (2022).

Tankersley et al.1 claim a cosmic airburst over modern-day Cincinnati, Ohio in the 3rd or fourth century CE 
catalyzed the decline of Hopewell culture. This claim is extraordinary in the face of hundreds of archaeologi-
cal investigations in the Middle Ohio River Valley (MORV) that have heretofore provided no evidence of a 
widespread cataclysm or “social decline” in need of explanation. Tankersley et al. misrepresent primary sources, 
conflate discrete archaeological contexts, improperly use chronological analyses, insufficiently describe methods, 
and inaccurately characterize the source of supposed extraterrestrial materials to support an incorrect conclu-
sion. While charcoal and burned soils are found on virtually all excavated Middle Woodland archaeological sites 
in the region, these have prosaic explanations. Many of the burned “habitation surfaces” mentioned are actu-
ally prepared surfaces for ceremonial fires, not the result of a synchronous regional catastrophe. Radiocarbon 
dated samples from one context are mistakenly attributed to distinct and unrelated contexts. The chronological 
analysis does not support the notion of a single event spanning 15,000  km2. The composition of their supposed 
extraterrestrial materials is inconsistent with an origin in comet or asteroid events. In sum, there is no evidence 
to support the conclusion that a comet exploded over modern-day Cincinnati in the third or fourth century CE.

Attempts to associate extraterrestrial events as the direct cause of various ancient cultural declines, i.e. “cos-
mic catastrophism,” have appeared in several recent  papers2,3. These catastrophist narratives have met consistent 
challenge on evidentiary, methodological, and theoretical  grounds4,5. These scenarios oversimplify complex and 
dynamic human–environment interactions and are steeped in pseudoscientific beliefs rather than anthropological 
theories of social decline that can be tested using the archaeological record. Tankersley et al.’s proposition that 
a comet or meteor airburst caused the decline of the Hopewell culture is the latest example of a cosmic claim 
dooming a culture with no substantive archaeological or geologic evidence. Instead, the Hopewell archaeologi-
cal record demonstrates continued habitation with gradual sociopolitical and economic reorganization (e.g., a 
cessation in large ceremonial earthwork construction) and changes in settlement patterns within the  MORV6–11.

Tankersley and colleagues’ argument depends on several misinterpretations and mischaracterizations of the 
Hopewell archaeological record to arrive at their conclusion. There are no catastrophically burned, fire-hardened, 
charcoal-rich habitation surfaces documented at any Hopewell site. The soil profiles published in the body of 
the article (Figs. 2–12 in 1) and the soil descriptions in their supplemental material (Tables S5, S7, S10, S13, S16, 
S18, S21, S23, S25, S28, and S30) do not show evidence of in situ burning as claimed. The burned surfaces refer-
enced in the article are in fact ceremonial basins, localized burned areas, or burned floors within  mounds12,13. In 
aggregate, these burned areas do not support widespread regional burning by a catastrophic event, but a series 
of intentionally burned surfaces as a regionally-distributed socioreligious practice.
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Archaeological context
Tankersley et al.1 make numerous errors concerning archaeological data and context that undermine the verac-
ity of their claims; a few of these are highlighted herein. First, they conflate the stratigraphy and results of two 
discrete test units (Units A and B) from Tankersley’s own work at the Jennison-Guard site (12D246), Lawrence-
burg, Indiana (Table 1). The primary technical reports for this  fieldwork14,15 indicate that the unit shown in 
Fig. 4, Unit B, was a 1 m × 1 m unit excavated in 2019. Tankersley’s final  report14 (p. 7) on the excavations notes 
“No artifacts were recovered from the 2019 1-m2 unit.” The artifacts are reported as coming from the “2020 1 × 2 
 m2 [sic]” Unit A in Table 1 of the final  report14. This list is identical to the artifact inventory in the preliminary 
report’s15 appendix without provenience information. Thus, all of the artifacts recovered were from Unit A, while 
the claimed evidence for “piles of carbonized timbers” (see Fig. 4 of ref. 1) and all the Pt and Ir samples reported 
were recovered from the culturally sterile Unit B, approximately 10 m away on a dynamic floodplain. Second, the 
depth of Unit B is represented variously as 1.6 m and 2 m, while the changes in soil horizons are inconsistently 
presented. The layer (1.57–1.6 m) that produced the charcoal-impregnated clay, which they believe represents 
burned house wall timbers, is characterized as being “Pre-habitation” (Table S9) with the same date range as 
the layer above (Table S10). This 0.38 m to 1.57 m series of horizons (C1, C2, and C3) are presented as dating 
to 1–400 CE (Table S9) and 259–410 CE (Table S10). Thus, there is no substantiated connection between the 
proposed proxies for the cosmic airburst (burned timbers and elevated Pt and Ir in Unit B) and the Hopewell 
artifacts recovered from Unit A; it is not proper archaeological practice to copy and paste an artifact assemblage 
into another context. Thus, no evidence presented in the  article1 or the technical  reports14,15 supports catastrophic 
burning at Jennison-Guard, let alone a synchronous regional-scale catastrophe.

Another example of conflated archaeological context is from the Marietta earthworks site, Marietta, Ohio, 
where Tankersley et al.1 report (Table S1) they sampled from the area of the large circular enclosure (Mound A) 
at the southeast end of the earthworks complex, approximately 940 m from the fire-hardened floor referenced as 
evidence of catastrophic burning (Fig. 1). Their elemental analysis and identification of pallasites and presumed 
microspherules of cosmic origin is in an artificially constructed earthwork (presumably within the mound or 
embankment at the coordinates listed in Table S1, but this is not specified) nearly a kilometer away from the 
other supposed evidence of the catastrophic event. Tankersley et al. do not report new radiocarbon dates for 
the location they actually sampled, but instead appropriate the radiocarbon dates from  Greber12 and  Pickard13, 
which are from a completely different element of the Marietta monumental landscape. These radiocarbon dates 
were produced from organic material derived from four separate features in the Hopewellian platform mound 
best known as the Capitolium Mound. There is no established relationship between the construction of the 
intentionally burned clay platform within Capitolium Mound and their samples from an unspecified context 

Table 1.  A comparison of presentation of evidence from the Jennison–Guard site by Tankersley et al.1, 
 Tankersley13, and Tankersley et al.14 Horizontal lines are representations of horizon breaks in various units and 
the diverse and problematic ways the data are presented for each in the cited reports and article.

Final Report13 Preliminary Report14 Preliminary Report14 Final Report13 Scientific Reports article1

2020 1 m x 2 m Unit cm A B cm 2019 1 m x 1 m Unit Table S9 Table S10 Pt Ir
0 ------------- ------------- 0

Sandy Silt Loam Silt Loam No Artifacts Glazed Historic

10YR 4/3 10 10
Earthenware

1793-2020 CE

1793-2020 

CE

? Ap Ap Salt-glazed 

Vertebrate: 161 20 20 Pottery -- --

Invertebrate: 44 Glass

Lithic: 78 30 ------------- 30

Ceramic: 273

V. Fn. Sandy Silt 

Loam ------------- ----------------------------- ----------------

? 10YR 4/3 40 40 Silt Loam No Artifacts
Snyders Biface

Middle 

Woodland

10YR 4/4 C1 10YR 4/3 Microblades 1-400 CE 259-410 CE

Abundant Charcoal, 50 50 Cut Mica

Shell Fragments, ======== ================== =========

Hopewell 

Pottery 1.88 0.38

and 60 Aa 60 Silt Loam No Artifacts

Clay (heat treated) (feature) 10YR 4/3

70 70 10YR 4/4

Abundant Charcoal

80 80

C2 0.49 0.19

Silty Clay Loam 90 ------------- 90

10YR 4/3 C2

100 _____________ 100

110

120

------------- ----------------------------- ----------------

130 V. Fn. Sandy Silt Loam No Artifacts 0.46 0.17

C3 10YR 4/3

140 Pre-habitation 259-410 CE

------------- ----------------------------- ---------------- Pre-400 CE [sic]

150 Silty Clay Loam No Artifacts

10YR 4/3 -- --

160 10YR 4/4

Pre-410 CE 

[sic]
-- --

2Aa 170

180

190

_______________ 200 _______________ ----------------
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within Mound A. Minimally, both sets of deposits (like all the cultural deposits analyzed by Tankersley et al.1) 
date broadly to the Middle Woodland period. However, the origin and formation of each earthwork and the strata 
within each cannot be assumed to be synchronous. In fact, the probability of synchronous construction of both 
monumental structures, to include synchroneity between the Ir/Pt anomaly layer of Mound A and the prepared 
ceremonially fired surface within Capitolium Mound, is quite low given the magnitude of the constructions, the 
scope of the Marietta monumental landscape, and the wide probability distribution for the Capitolium dates 
alone (see Fig. 21 in 1).

Tankersley et al.1 make no attempt to establish this chronological relationship, and provide no justification 
for their reinterpretation of the prepared surfaces, here and elsewhere, as “habitation surfaces.” With the absence 
of evidence, the only thing that ties these discrete contexts together is that the conclusion of the authors requires 
this relationship. Given the lack of relationship, there is no support for an event that took place over seconds (the 
airburst) to days or weeks (the fires). Space precludes enumeration of the similar errors present for most of the 
sites discussed in the Scientific Reports article.

Additional discrepancies occur between Tankersley et al.’s text descriptions, figures, and supplemental mate-
rial. Specifically, none of the figures of soil profiles bear any sign of in situ, fire-hardened habitation surfaces, and 
in most cases, labels of “Charcoal” are imposed onto profiles with no identifiable carbonized material present 
in the profile. Moreover, after careful review of the primary reports of their investigations (e.g., Fig. 20, Fig. 23, 
Fig. 24 in 14), the authors fail to show an association of burned habitation surfaces with Ir/Pt anomalies and 
microspherules and that the alleged “remains of burned Hopewell structures” were “swept into piles of carbon-
ized timbers and thatch, fire-hardened daub, and thermally damaged artifacts” (p. 10 in 1; see 17). In the absence 
of such evidence, the claim of a catastrophic event recorded in the soil profiles is not credible.

Chronological modeling
Tankersley et al.’s chronological modeling is insufficiently explained (methods, model code, etc.), incorrectly 
characterized, and does not support the inference of a single event. While characterized as “Bayesian adjustment” 
(see Fig. 21, Figure S2, Figure S5, Figure S7, Figure S11, Figure S15 in 1), no Bayesian models are included in the 
article or supplemental material. No OxCal code is included, and the functions used to generate their graphs 

Figure 1.  Comparison of the Location of the fire-hardened floor investigated by  Greber11 and  Pickard12 within 
Capitolium Mound and the location of the coordinates from Tankersley et al.’s Table S11 for their Marietta 
sample over Squier and  Davis15 map of the site.
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are not revealed. (K.C.N. requested these details from Tankersley, who declined to share these details prior to 
submission.) Based on the type of OxCal graphs shown, it appears the authors calculated a weighted mean of 
the radiocarbon dates from the presumed airburst strata across four different sites. Despite the characterization 
in the article, weighted means is not one of the Bayesian functions in OxCal. This method only makes sense to 
date a target event (e.g., an airburst) if the dated samples died at the same time as the event. The 20 radiocarbon 
measurements that Tankersley et al. claim directly date their airburst event cannot feasibly be interpreted as the 
same age. This sample of dates fails to pass a Χ2  test18 (T = 42.899; df-19; T’(0.05) = 30.1) indicating that the dated 
samples were deposited over a prolonged period of time. Therefore, the dated samples from these strata cannot 
be presumed to date a single event and cannot support the airburst hypothesis. To the contrary, the chronologi-
cal analysis demonstrates that their multi-proxy evidence of the airburst accumulated via many discrete events 
over decades to centuries.

Cosmic geochemistry
Tankersley et al.1 misinterpret recent evidence for high-temperature components in comets leading to prob-
lematic geochemical analyses and interpretations of supposed pallasite samples. While samples of comet 81P/
Wild2 collected by the Stardust mission contain high-temperature components formed in the solar nebula prior 
to planetary accretion, melting and  differentiation19, materials formed as a result of planetary differentiation, 
such as pallasites, are unknown from cometary samples. Comets likely never reached temperatures much above 
the freezing point of  water20, whereas the formation of pallasites required extensive melting of asteroids at 
temperatures ≥ 1300°C21. Moreover, isotopic signatures separate meteorites into two groups, thought to form in 
the inner and outer Solar System and isolated by the formation of  Jupiter22,23. These isotopic signatures indicate 
that pallasites formed in the inner Solar System, isolated from the outer Solar System and the comet-forming 
region. Main group pallasites, like the Brenham meteorite argued to have been used by the Hopewell, are mix-
tures of olivine ((Mg,Fe)2SiO4) and Fe,Ni metal (Fig. 2)24. In contrast, the Si-rich and Fe-rich spheres illustrated 
by Tankersley et al. (Fig. 15)1 are depleted in or lack Mg and Ni, respectively. This suggests that the Si-rich and 
Fe-rich spheres are not derived from pallasites, and more likely represent local soil chemistry. Thus, Tankersley 
et al.1 mischaracterize the composition and life histories of comets, and they misidentify pallasites. Had Tank-
ersley et al.1 correctly identified pallasites, it would in fact be evidence against a comet airburst. Neuhäuser and 

Figure 2.  Comparison of EDS spectra for Fe-rich (metal) and Si-rich (silicate) spectra from the Brenham 
pallasite (pictured right) in the collections of the Smithsonian Institution collected with a FEI Nova NanoSEM 
600 at the Smithsonian with spectra of Tankersley et al.’s Fig. 15.1 Brenham consists of olivine ((Mg,Fe)2SiO4) 
and Fe,Ni metal. EDS spectra of olivine (a) contains prominent peaks for Si, Mg, O and Fe, whereas those of 
Tankersley et al. (a inset) contain minimal Mg and abundant Al, with lesser K, Ca, and Ti, likely indicative of 
a local soil composition. EDS spectra of Fe,Ni metal (b) exhibits a significant Ni peak, which is weak or absent 
in the spectra (b inset) of Tankersley et al., which contains abundant O, Si, Al, K, Ca and Ti, suggesting an iron 
oxide composition with a local soil component.
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Neuhäuser25 using different sources also challenged Tankersley et al.’s identification of a comet, and Tankersley 
et al.26 acknowledge that the airburst may have been an asteroid. Our analysis demonstrates even this concession 
relies on morphological identification of spherules as cosmic in origin, without associated and necessary chemi-
cal or isotopic evidence of detritus from the explosion of an extraterrestrial body, neither comet nor asteroid, in 
the data Tankersley et al. present.

While not a comprehensive review of all of the issues with Tankersley et al.’s “Hopewell airburst event,” this 
brief summary demonstrates the systematic flaws in the analysis and interpretation of archaeological data, 
chronological data, and cosmic geochemistry. We find that their presentation and argument:

1. Does not support claims of a catastrophic regional burning,
2. Does not demonstrate their evidence is, in fact, synchronous,
3. Does not demonstrate that microspherules are related to meteorites,
4. Mistakenly claims that pallasite fragments could have originated in comets, and
5. Does not provide evidence for a widespread decline in Hopewell culture.

In short, their observations fail to demonstrate any aspect of this cosmic catastrophe.

Data availability
The data used in this contribution are the original data presented in Tankersley et al.’s paper and supplemental 
material, the original technical reports required to be submitted by Tankersley to the Indiana Division of Historic 
Preservation and Archaeology (DHPA), and other references cited herein. All reports and files available upon 
request to the corresponding author, or through the DHPA, and the original publication.

Received: 18 July 2022; Accepted: 1 August 2023

References
 1. Tankersley, K. B. et al. The hopewell airburst event, 1699–1567 years ago (252–383 CE). Sci. Rep. 12, 1706. https:// doi. org/ 10. 1038/ 

s41598- 022- 05758-y (2022).
 2. Bunch, T. E. et al. A Tunguska sized airburst destroyed Tall el-Hammam a Middle Bronze Age city in the Jordan Valley near the 

Dead Sea. Sci. Rep. 11, 18632. https:// doi. org/ 10. 1038/ s41598- 021- 97778-3 (2021).
 3. Moore, A. M. T. et al. Evidence of cosmic impact at abu Hureyra, Syria at the Younger Dryas Onset (~12.8 ka): High-temperature 

melting at >2200 °C. Sci. Rep. 10, 4185. https:// doi. org/ 10. 1038/ s41598- 020- 60867-w (2020).
 4. Pinter, N. et al. The younger dryas impact hypothesis: A requiem. Earth Sci. Rev. 106(3–4), 247–264 (2011).
 5. Jaret, S. J. & Scott Harris, R. No mineralogic or geochemical evidence of impact at Tall el-Hammam, a Middle Bronze Age city in 

the Jordan Valley near the Dead Sea. Sci. Rep. 12, 5189. https:// doi. org/ 10. 1038/ s41598- 022- 08216-x (2022).
 6. Dancey, W. S. Village Origins In Central Ohio: The Results and Implications of Recent Middle and Late Woodland Research. In 

Cultural Variability in Context, Woodland settlements of the Mid-Ohio Valley. MCJA Special Paper No. 7 (ed. Seeman, M. F.) 24–29 
(Kent State University Press, Kent, Kent, 1992).

 7. Dancey, W. S. Putting an End to Ohio Hopewell. In A view from the core: A synthesis of Ohio hopewell archaeology (ed. Pacheco, P. 
J.) 396–405 (Ohio Archaeological Council, Columbus, 1996).

 8. Nolan, K. C. Prehistoric landscape exploitation strategies through time in central Ohio: A GIS analysis. J. Ohio Archaeol. 3, 12–37 
(2014).

 9. Nolan, K. C. & Howard, S. P. Using evolutionary archaeology and evolutionary ecology to explain cultural elaboration: The case 
of middle Ohio valley woodland period ceremonial subsistence. N Am Archaeol. 31(2), 119–154 (2010).

 10. Seeman, M. F. & Dancey, W. S. The Late Woodland Period in Southern Ohio: Basic Issues and Prospects. In Late Woodland Socie-
ties: Tradition and Transformation Across the Midcontinent (eds Emerson, T. E. et al.) 583–611 (Lincoln, 2000).

 11. Wymer, D. A. Paleoethobotany in the Licking River Valley, Ohio: Implications for Understanding Ohio Hopewell. In Ohio Hopewell 
Community Organization (eds Dancey, W. S. & Pacheco, P. J.) 153–171 (Kent State University, Kent, 1997).

 12. Greber, N. Preliminary Report on the 1990 Excavations at Capitolium Mound, Marietta Earthworks (Ohio. Presented to The National 
Geographic Society, 1991).

 13. Pickard, W.H. 1990 Excavations at Capitolium Mound (33Wn13) Marietta, Washington County, Ohio: A working evaluation. In 
Pacheco, P.J. (ed.), A View from the Core, Ohio Archaeological Council, Columbus, pp. 274–285. (1996)

 14. Tankersley, K. B. 2019 & 2020 Investigations at the Jennison-Guard Site (12D246): Evidence of an Ancient Comet Airburst Event, 
Lawrenceburg Township, Dearborn County (Department of Anthropology University of Cincinnati, 2021).

 15. Tankersley, K.B., Zedaker, D., and Herzner, L. Test Excavations of 12D246: A Preliminary Report. Department of Anthropology 
University of Cincinnati. (2020)

 16. Squier, E.G., and Davis, E.H. Ancient Monuments of the Mississippi Valley. Smithsonian Contributions to Knowledge, Volume 1. 
(1848)

 17. Nolan, K.C., Lepper, B.T., Ruby, B.J., Schwarz, K., Davidson, M., Weiland, A., Wymer, D.A., Everhart, T., Aultman, J, Murphy, L., 
and Krus, T. Comets, ritual, and pseudoarchaeology: A critical assessment of Tankersley et al.’s (2022) (Neo)Catastrophism. Paper 
presented at the Annual Spring Membership meeting of the Ohio Archaeological Council, Columbus, Ohio. (2022)

 18. Ward, G. K. & Wilson, S. R. Procedures for comparing and combining radiocarbon age-determinations: A critique. Archaeometry 
20, 19–31 (1978).

 19. Brownlee, D. et al. Comet 81P/Wild2 under a microscope. Science 314, 1711–1716 (2006).
 20. Nuth J.A. III, McCoy T.J., Johnson N. and Abreu N.M. Exploring the possible continuum between comets and asteroids. In Primi-

tive Meteorites and Asteroids (N. Abreu, ed.), Elsevier, Cambridge, MA, pp. 409–438. (2018)
 21. McCoy T.J., Mittlefehldt D.W. and Wilson L. Asteroid differentiation. In Meteorites and the Early Solar System II (eds. D.S. Lauretta 

and H.Y. McSween, Jr.), Univ. of Arizona Press, Tucson, AZ, pp. 733–745. (2006)
 22. Warren, P. H. Stable-isotopic anomalies and the accretionary assemblage of the Earth and Mars: A subordinate role for carbona-

ceous chondrites. Earth Planet. Sci. Lett. 311, 93–100 (2011).
 23. Kruijer, T. S., Burkhardt, C., Budde, G. & Kleine, T. Age of Jupiter inferred from distinct genetics and formation times of meteorites. 

Proc. Natl. Acad. Sci. 114, 6712–6716 (2017).
 24. Mittlefehldt D.W., McCoy T.J., Goodrich C.A. and Kracher A. Non-chondritic meteorites from asteroidal bodies. In Planetary 

Materials (J.J. Papike, ed.), Reviews in Mineralogy, Vol. 36, 4–1–170. (1998)

https://doi.org/10.1038/s41598-022-05758-y
https://doi.org/10.1038/s41598-022-05758-y
https://doi.org/10.1038/s41598-021-97778-3
https://doi.org/10.1038/s41598-020-60867-w
https://doi.org/10.1038/s41598-022-08216-x


6

Vol:.(1234567890)

Scientific Reports |        (2023) 13:12910  | https://doi.org/10.1038/s41598-023-39866-0

www.nature.com/scientificreports/

 25. Neuhäuser, R. & Neuhäuser, D. L. Arguments for a comet as cause of the Hopewell airburst are unsubstantiated. Sci. Rep. 12, 12090. 
https:// doi. org/ 10. 1038/ s41598- 022- 16211-5 (2022).

 26. Tankersley, K. B., Meyers, S. D., Meyers, S. A. & Lentz, D. L. Reply to: Arguments for a comet as cause of the Hopewell airburst are 
unsubstantiated. Sci. Rep. 12, 12113. https:// doi. org/ 10. 1038/ s41598- 022- 16212-4 (2022).

Acknowledgements
The authors are grateful to the Ohio Archaeological Council for allowing us an initial opportunity to present 
some of our concerns about the original paper at the Spring Membership Meeting. Various colleagues have shared 
advice and support for this effort. Note that the lead author (K.C.N.) has corresponded with Dr. Tankersley to 
get access to information and details not provided in the original article; no additional information was provided 
to address our concerns. We are grateful to the two anonymous reviewers who evaluated both an earlier version 
of this contribution and Tankersley and Meyer’s draft response. Any errors are the responsibility of the authors.

Author contributions
K.C.N. initiated the effort to compile a definitive response to the original article. All authors contributed to 
development of the outline and scope of the contribution. K.C.N, L.R.M., B.T.L., and T.D.E. primarily composed 
the introduction/abstract with feedback from all authors. B.T.L. coordinated the section on misinterpretation 
of the archaeological record with B.J.R., T.D.E., A.W., K.S., M.D., D.A.W., and K.C.N. A.M.K. coordinated the 
chronology analysis section with K.S. and K.C.N. T.M. contributed the meteorite and geochemistry analysis with 
review by L.R.M. and K.C.N. All authors assisted with editing with major contributions from L.R.M., T.D.E., 
B.T.L., M.D., K.S. K.C.N. compiled the contributions into composite, reviewed by all authors. K.C.N. and K.S. 
prepared Table 1, B.J.R. prepared Fig. 1, and T.M. prepared Fig. 2.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.C.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-022-16211-5
https://doi.org/10.1038/s41598-022-16212-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Refuting the sensational claim of a Hopewell-ending cosmic airburst
	Archaeological context
	Chronological modeling
	Cosmic geochemistry
	References
	Acknowledgements


