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Abstract: The onset of the Younger Dryas (YD) stadial at ~12,850 cal. yr BP remains one of the 
most abrupt climatic transitions in the geologic record, coinciding with megafaunal extinctions 
and human cultural shifts. The Younger Dryas Impact Hypothesis (YDIH) proposes a cosmic 
event but struggles to explain the absence of a crater, terrestrial isotopic signatures of key 
proxies, and the hemispheric bias of cooling. I propose an alternative, comprehensive 
mechanism: a solar superflare, occurring during the Gothenburg geomagnetic excursion, which 
dramatically weakened Earth's magnetosphere. This event induced a hemispheric-scale 
lightning superstorm, igniting atmospheric methane and terrestrial biomass. This led to a 
cascade of effects: the production of nitrogen oxides (NOₓ) and ozone depletion; the formation 
of nanodiamonds (including lonsdaleite) via plasma deposition; the mobilization of terrestrial 
platinum and microspherules; and the injection of massive quantities of combustion aerosols 
into the atmosphere. The subsequent climatic feedbacks—including ice-sheet destabilization, 
ocean circulation changes, and UV stress—provide a parsimonious explanation for the YD 
onset, the extinction event, and the full suite of geochemical proxies recorded in ice cores and 
terrestrial sediments, without invoking an extraterrestrial impact. 
 
1. Introduction 
 
The onset of the Younger Dryas (YD) stadial at approximately 12,850 calibrated years before 
present (cal. yr BP) represents one of the most abrupt and severe climatic transitions of the late 
Pleistocene (Broecker et al., 2010). This event abruptly returned the North Atlantic region to 
near-glacial conditions for over a millennium, coinciding with the extinction of numerous 
megafaunal species and significant shifts in human subsistence strategies and population 
dynamics (Firestone et al., 2007). The mechanisms triggering this rapid change remain a 
subject of intense debate, primarily between climate-based theories involving meltwater 
discharge and catastrophic hypotheses invoking an extraterrestrial impact. 
 



The Younger Dryas Impact Hypothesis (YDIH) proposes that a cosmic impact or airburst at the 
YD boundary (YDB) was the catalyst for this cascade of environmental changes (Firestone et 
al., 2007). Proponents of this hypothesis point to a layer of sediment, distributed across multiple 
continents, containing a suite of alleged impact proxies. These include nanodiamonds 
(NDs)—encompassing cubic diamonds and lonsdaleite-like crystals—found in abundances up 
to 3700 ppb in carbon spherules (Kennett et al., 2009). This layer also contains peaks in 
magnetic microspherules, iridium, platinum, charcoal, soot, and high-temperature melt glass 
(Bunch et al., 2012). Furthermore, ice core records from Greenland show synchronous spikes in 
ammonium (NH₄⁺) and nitrate (NO₃⁻) at the YD onset, interpreted as evidence of continent-scale 
biomass burning ignited by the impact (Wolbach et al., 2018; Mayewski et al., 1993). 
 
Despite its broad explanatory appeal, the YDIH faces significant and persistent challenges. 
Crucially, no definitive impact crater of the appropriate age has been identified (Holliday et al., 
2014). Perhaps more critically, geochemical evidence often contradicts an extraterrestrial origin 
for key proxies. The nanodiamonds found in YDB layers consistently exhibit terrestrial δ¹³C 
isotopic signatures (Kennett et al., 2009; Kinzie et al., 2014), and some studies have failed to 
replicate findings of elevated iridium or other platinum group elements (PGEs) (Daulton et al., 
2017). The unique Pt anomaly found in the GISP2 ice core, for instance, is not accompanied by 
a commensurate Ir anomaly and exhibits a highly fractionated Pt/Ir ratio that rules out a 
chondritic impactor (Petaev et al., 2013). Additionally, attempts to independently identify key 
impact markers, such as lonsdaleite, have sometimes concluded that the evidence is 
misattributed to graphene/graphane aggregates or other carbon forms (Nemeth et al., 2020). 
These inconsistencies have led many to question the impact hypothesis and seek alternative 
explanations. 
 
This paper proposes a comprehensive and parsimonious alternative mechanism that explains 
the full suite of YD boundary evidence without invoking a cosmic impact. I posit that a large 
solar superflare, occurring during the geomagnetically weakened conditions of the Gothenburg 
excursion, provided the initial energy impulse. This event induced a hemispheric-scale lightning 
superstorm, which in turn ignited atmospheric methane and terrestrial biomass; generated 
nitrogen oxides (NOₓ) through atmospheric ionization; and provided the energy for the in-situ 
formation of nanodiamonds (including lonsdaleite) via plasma deposition and chemical vapor 
deposition (CVD)-like processes from terrestrial carbon sources. Subsequent climatic 
feedbacks—including ice-sheet destabilization, ocean circulation changes, and ozone 
depletion—then sustained the YD cooling. 
 
This model elegantly addresses the primary criticisms of the YDIH: 
 
· Terrestrial Carbon Source: It accounts for the terrestrial δ¹³C signatures in nanodiamonds and 
other carbon proxies (Kennett et al., 2009). 
· No Crater Required: All processes are terrestrial and atmospheric, eliminating the need for an 
unobserved impact crater (Holliday et al., 2014). 



· Anomalous Geochemistry: It explains heterogeneous and fractionated PGE anomalies (e.g., 
high Pt, low Ir) through the mobilization of terrestrial crustal deposits rather than a 
homogeneous impactor (Petaev et al., 2013). 
· Synchrony of Proxies: It provides a mechanism for the synchronous, abrupt spikes in ice core 
NH₄⁺ (wildfires) and NO₃⁻ (lightning-generated NOₓ) at the YD onset (Wolbach et al., 2020). 
 
This paper synthesizes evidence from ice core chemistry, sedimentology, astrophysics, and 
materials science to demonstrate that a superflare-driven atmospheric plasma event explains 
the YD boundary layer proxies more consistently than a cosmic impact. I present a revised 
timeline of events that integrates the Gothenburg geomagnetic excursion as a key amplifying 
factor and outlines testable predictions for future research. 
 
 
 
2. The Trigger: Superflare and Geomagnetic Amplification 
 
The initial energy impulse for the Younger Dryas climatic shift is proposed to originate from an 
extreme solar event, the effects of which were dramatically amplified by a contemporaneous 
weakness in Earth's magnetic shield. This combination of a powerful astrophysical trigger and a 
vulnerable planetary state provides a necessary and sufficient catalyst for the ensuing global 
cascade. 
 
2.1. Solar Superflares and Cosmogenic Isotope Production 
 
Solar superflares are orders of magnitude more energetic than any event observed in the 
modern instrumental era (Schrijver et al., 2012). These eruptions release immense pulses of 
X-rays, extreme ultraviolet (EUV) radiation, and accelerated protons (solar energetic particles, 
SEPs) into the heliosphere. When these particles collide with Earth's atmosphere, they induce 
nuclear reactions that produce cosmogenic isotopes such as beryllium-10 (¹⁰Be) and carbon-14 
(¹⁴C), which are subsequently archived in ice cores and tree rings (Miyake et al., 2012). 
 
Evidence for such extreme historical events is preserved in the geologic record. The most 
prominent example is the ~774-775 CE Miyake event, observed as a sharp ~1.2% increase in 
atmospheric ¹⁴C recorded in tree rings (Miyake et al., 2012). This event, likely caused by a very 
strong solar proton storm, was orders of magnitude larger than any recorded solar event since. 
Scaling laws suggest that the Sun is capable of producing even larger superflares, with energies 
exceeding 10³⁴ ergs (Schrijver et al., 2012). The deposition of such a particle flux onto Earth's 
atmosphere would have profound effects, including the intense ionization of the upper and 
middle atmosphere, turning it into a highly conductive plasma. This ionization provides the seed 
for a subsequent breakdown of atmospheric electrical stability, dramatically increasing the 
probability of massive, widespread electrical discharges (Jackman et al., 2008). 
 
2.2. The Gothenburg Geomagnetic Excursion as an Amplifier 
 



The impact of a solar superflare is critically modulated by the strength of Earth's 
magnetosphere, which normally deflects charged particles and protects the atmosphere. 
However, the geomagnetic field is not static; it experiences periods of significant weakening and 
polarity reversals known as excursions. 
 
The Gothenburg Magnetic Excursion, dated to approximately 12,390–12,350 cal. yr BP (Vogt et 
al., 1994), represents one such period of severe magnetic field weakening, with paleomagnetic 
data from marine and lacustrine sediments indicating a dramatic reduction in dipole field 
strength. This timing exhibits significant overlap with the established onset of the Younger Dryas 
stadial at ~12,850 cal. yr BP. During an excursion, the magnetosphere contracts and its 
protective efficiency is severely reduced. A weakened field allows solar energetic particles to 
penetrate deeper into the atmosphere and over a much wider latitudinal range, rather than 
being funneled toward the magnetic poles (Vogt et al., 1994). This results in a more uniform and 
efficient energy deposition across the sunlit hemisphere of the planet. 
 
2.3. Synergistic Energy Coupling and Hemispheric Electrification 
 
The conjunction of a solar superflare and the Gothenburg excursion creates a unique and 
catastrophic synergy. The weakened magnetosphere during the excursion would fail to 
attenuate the incoming flux of SEPs from a superflare, allowing a vastly greater proportion of the 
event's energy to be deposited directly into the atmosphere. 
 
This energy deposition would have two primary effects: 
 
1. Atmospheric Ionization: The intense particle flux would ionize atmospheric gases, enhancing 
conductivity and seeding a planet-scale electrical circuit. This creates the conditions for a 
breakdown of atmospheric electrical stability on an unprecedented scale. 
2. Hemispheric Lightning Superstorm: The result is not merely an increase in typical lightning 
activity, but the generation of a sustained, hemispheric-scale lightning "superstorm." This would 
include a continuous barrage of lightning superbolts—discharges an order of magnitude more 
energetic than typical lightning—and potentially other forms of atmospheric electrodynamic 
phenomena, such as sprites and blue jets, extending into the mesosphere (Jackman et al., 
2008). This sustained electrical barrage provides the pervasive ignition source required for the 
subsequent global biomass burning and serves as the energy source for the in-situ formation of 
high-temperature proxies, such as meltglass and nanodiamonds. 
 
This sequence—a superflare's energy amplified by a compromised magnetosphere, leading to a 
global atmospheric electrical breakdown—provides a physically robust trigger mechanism. It 
explains the simultaneity of effects across large geographic regions and sets the stage for the 
geochemical and climatic cascades detailed in the following sections. 
 
 
--- 
 



3. The Atmospheric Cascade: Chemistry, Combustion, and Proxy Formation 
 
The immense energy deposited into the atmosphere by the superflare-amplified electrodynamic 
event catalyzed a rapid sequence of chemical and physical transformations. This cascade 
directly produced the geochemical signals preserved in ice cores and initiated the global 
combustion that would define the Younger Dryas boundary layer in terrestrial sediments. 
 
3.1. Nitrogen Oxide Production and the Nitrate Spike 
 
The hemispheric lightning superstorm and associated plasma channels created transient, 
high-temperature environments exceeding 30,000 K, facilitating the dissociation of molecular 
nitrogen (N₂) and oxygen (O₂). Within these plasma fields, nitric oxide (NO) is formed primarily 
through Zeldovich-type reactions:  
N₂ + O → NO + N  
N + O₂ → NO + O 
 
This mechanism is a highly efficient producer of reactive nitrogen species (NOₓ = NO + NO₂). 
Subsequent oxidation of NOₓ in the atmosphere leads to the formation of nitric acid (HNO₃), 
which deposits onto the ice sheets as nitrate (NO₃⁻). Atmospheric modeling indicates that a 
large particle event can increase upper atmospheric NOₓ concentrations by a factor of 10-100 
above background levels (Jackman et al., 2008). This process provides a direct and robust 
explanation for the distinct NO₃⁻ spike observed in the GISP2 ice core precisely at the YD onset 
(Petaev et al., 2013; Wolbach et al., 2018). The synchrony of this spike with other proxies is a 
natural consequence of the event, as the same energetic phenomena that produce the lightning 
and plasma discharges are also responsible for the atmospheric ionization that generates NOₓ. 
 
3.2. Ozone Destruction and Ultraviolet Radiation Flux 
 
The injection of large quantities of NOₓ into the stratosphere has a well-established secondary 
effect: the catalytic destruction of ozone (O₃). Nitrogen oxides cycle through reactions that 
convert O₃ into molecular oxygen without being consumed themselves (Crutzen, 1970):  
NO + O₃ → NO₂ + O₂  
NO₂ + O → NO + O₂  
Net: O₃ + O → 2O₂ 
 
This process would have led to a precipitous, albeit temporary, collapse of the ozone column. A 
significantly thinned ozone layer permits elevated levels of solar ultraviolet-B and UV-C 
radiation—which are typically absorbed in the stratosphere—to reach the Earth's surface. This 
pulse of high-energy UV radiation would have acted as a potent biological stressor, contributing 
to retinal damage, mutagenesis, and population stress in megafauna and humans. It also 
served as a priming mechanism for widespread combustion by directly damaging and 
desiccating vegetation, rendering it more flammable. 
 
3.3. Global Biomass Burning and the Combustion Aerosol Layer 



 
The combined effects of thermal radiation from energy deposition, increased UV flux, and, most 
critically, the pervasive ignition from lightning and particle-induced electrostatic discharges 
(PIESDs) led to near-synchronous global combustion. 
 
This conflagration is definitively recorded in the Greenland ice cores as a massive ammonium 
(NH₄⁺) spike. Levels increased by approximately 49 ppb, marking one of the largest such events 
in the last 110,000 years and peaking at concentrations up to 210 ppb (Mayewski et al., 1993; 
Wolbach et al., 2020). This signal is corroborated by coincident peaks in other 
combustion-specific markers, including formate and oxalate, which are particularly indicative of 
boreal forest fires (Mayewski et al., 1993). The deposition of this combustion aerosol layer is 
recorded on land as the well-documented "black mat" or YDB layer, a pyrogenic horizon found 
on multiple continents containing: 
 
· Soot and Charcoal: High concentrations of amorphous carbon and macroscopic particles from 
incomplete combustion. 
· Polycyclic Aromatic Hydrocarbons (PAHs): Specific organic compounds (e.g., retene, a 
biomarker for conifer burning) formed during pyrolysis. 
· Carbon Spherules: Hollow spheres of carbon formed from the condensation of vaporized 
vegetation and soil organic matter. 
 
3.4. Acid Deposition and Environmental Stress 
 
The atmospheric hydration of NOₓ into nitric acid (HNO₃) resulted in the deposition of acid rain 
(Legrand & Mayewski, 1997). This would have introduced a secondary environmental stressor, 
acidifying terrestrial freshwater systems and soils already reeling from the thermal and UV 
pulse. This acid deposition contributes to the nitrate spike in the ice core record and represents 
another geochemical signature of the profound atmospheric chemical transformation that 
occurred. 
 
This sequence of atmospheric processes—ionization, NOₓ production, ozone depletion, ignition, 
and combustion—forms a coherent chain of causality that explains the primary ice core signals. 
The following section will detail how the energy from this event also mobilized terrestrial 
materials to create the suite of proxies previously attributed to an extraterrestrial impact. 
 
 
4. Terrestrial Mobilization of "Impact" Proxies 
 
A pivotal advancement of this hypothesis is its capacity to explain the suite of purported impact 
proxies through the mobilization and transformation of terrestrial materials by the event's 
immense energy. This eliminates the need to invoke an unobserved extraterrestrial object and 
directly accounts for the geochemical inconsistencies that challenge the impact hypothesis. 
 
4.1. Nanodiamond Synthesis via Plasma Deposition and Strain 



 
The presence of nanodiamonds (NDs), including cubic diamonds and the hexagonal polymorph 
lonsdaleite, in the YDB layer has been a cornerstone of the impact hypothesis. However, their 
formation is better explained by in-situ terrestrial processes. 
 
4.1.1. Plasma-Driven Chemical Vapor Deposition (CVD) The hemispheric-scale lightning 
superstorm provided a ubiquitous mechanism for ND formation.The extreme temperatures 
(>3000 °C) within plasma channels instantaneously vaporized carbon-rich surface materials, 
including vegetation, peat, and soil organic matter. This created a cloud of ionized carbon vapor. 
Subsequent rapid quenching in the ambient atmosphere facilitated a phase transition, catalyzing 
the nucleation of diamond structures on condensing surfaces (e.g., mineral grains, soot 
particles). This low-pressure (~0.1 MPa), plasma-assisted process is directly analogous to 
laboratory CVD synthesis of diamond (Butler & Sumant, 2008) and cleanly explains the 
terrestrial δ¹³C signature of YDB NDs (-30‰ to -19‰), as the carbon source is unequivocally 
biogenic (Kennett et al., 2009; Kinzie et al., 2014). It also naturally produces a mixture of cubic 
nanodiamonds and lonsdaleite, as the specific crystal structure that forms is highly sensitive to 
local fluctuations in temperature, pressure, and the presence of catalytic elements (e.g., Fe, Ni 
from sediments) within the plasma plume. 
 
4.1.2. Strain-Induced Transformation in Confined Explosions An additional pathway is provided 
by the ignition of methane clathrates.Rapid gas expansion within ice-confined pockets 
generated localized pressures (1–10 GPa) and significant shear strain. Recent studies 
demonstrate that lonsdaleite can form from graphite or amorphous carbon under static 
pressures as low as 1.94–5.5 GPa when shear strain is applied (Ji et al., 2022). The ice sheet 
itself acted as a "pressure vessel," amplifying these dynamic conditions and enabling the 
transformation of existing carbonaceous material into lonsdaleite. 
 
4.2. Microspherule Formation via Atmospheric Ablation 
 
The global distribution of magnetic, iron-rich microspherules is explained not as condensates 
from a vaporized impactor, but as ablation products of terrestrial materials. The plasma 
discharges and extreme thermal pulses vaporized surficial sediments and rocks rich in 
iron-bearing minerals (e.g., magnetite, ilmenite). This vaporized material was ejected into the 
atmosphere, where it underwent rapid cooling and condensation, forming microscopic 
spherules. The heterogeneous chemical composition of these spherules (e.g., variable Fe, Ni, 
Cr ratios) is a direct reflection of the diverse local geology from which they were ablated, not a 
homogeneous extraterrestrial source (Bunch et al., 2012). Their formation is a function of 
energy deposition, not impact shock. 
 
4.3. Platinum Group Elements from Crustal Mobilization 
 
The occurrence of Platinum Group Element (PGE) anomalies, particularly platinum (Pt), is 
reconciled through the mobilization of pre-existing terrestrial reserves. The energy of the 
event—through thermal pulses, electrical discharges, and associated ground 



currents—mobilized Pt from terrestrial deposits. These sources include mantle-derived rocks 
(e.g., in ultramafic complexes) that are naturally enriched in PGEs and previously formed 
meteoritic material from earlier impacts that had been diluted into terrestrial sediments over 
millennia. This mechanism predicts the heterogeneous distribution of Pt anomalies, as their 
occurrence would be contingent on the underlying local geology. This explains why Pt spikes 
are found in some locations (e.g., Greenland) but are absent in others, and why they often 
exhibit non-chondritic, fractionated ratios (e.g., high Pt/Ir) that are inconsistent with a single, 
homogeneous impactor (Petaev et al., 2013). 
 
4.4. High-Temperature Meltglass 
 
The high-temperature meltglass found at several YDB sites shares a key characteristic: its 
composition consistently matches the local sediment chemistry. This is precisely the expected 
result of lightning strikes or plasma discharge interactions with the ground, which can generate 
temperatures sufficient to fuse silicate minerals into glass. These fulgurites or plasma-fusion 
crusts form in situ from terrestrial materials, providing a straightforward explanation for meltglass 
that requires no exotic processes or materials. 
 
Comparative Analysis of YDB Proxy Origins 
 
The following analysis contrasts the explanations for key YDB proxies offered by the impact 
hypothesis versus the superflare-terrestrial mobilization model proposed in this study: 
 
Proxy: Nanodiamonds (δ¹³C) 
 
· Impact Hypothesis Explanation: Shock transformation of carbon; source ambiguous. 
· This Study's Explanation: Plasma CVD & strain transformation of terrestrial biomass/peat. 
· Key Evidence Supported: Terrestrial δ¹³C (-30‰ to -19‰); mixture of cubic & hexagonal forms. 
 
Proxy: Microspherules 
 
· Impact Hypothesis Explanation: Condensation from vaporized impactor. 
· This Study's Explanation: Atmospheric ablation of terrestrial iron-rich minerals. 
· Key Evidence Supported: Heterogeneous composition reflecting local geology. 
 
Proxy: Pt Anomalies 
 
· Impact Hypothesis Explanation: Direct contribution from chondritic impactor. 
· This Study's Explanation: Mobilization from terrestrial crustal PGE deposits. 
· Key Evidence Supported: Heterogeneous distribution; fractionated (non-chondritic) Pt/Ir ratios. 
 
Proxy: Meltglass 
 
· Impact Hypothesis Explanation: Formed from rock vaporized by impact shockwave. 



· This Study's Explanation: In-situ fusion of sediments by lightning/plasma discharges 
(fulgurites). 
· Key Evidence Supported: Composition always matches local sediment source. 
 
This unified terrestrial mobilization model resolves the greatest paradox of the YD impact 
hypothesis: how an event could produce a global layer of "impact" proxies while leaving no 
crater and consistently sourcing its materials from Earth itself. The energy for this mobilization 
was atmospheric and electrical, not kinetic. 
 
 
5. The "Atmospheric Hammer": Biotic Collapse and Terminal Pleistocene Extinctions 
 
The cascade of atmospheric and geophysical processes culminated in a rapid, multi-faceted 
biological catastrophe that disproportionately affected large fauna. The term "Atmospheric 
Hammer" describes the sequential and synergistic effects of a massive pressure wave followed 
by a catastrophic pressure collapse and its consequences, which together explain the unique 
and paradoxical nature of terminal Pleistocene megafaunal remains. 
 
5.1. The Sequence of the Atmospheric Hammer 
 
5.1.1. The Pressure Surge (The "Blow") The instantaneous heating from continent-scale 
electrical discharges and methane combustion caused rapid thermal expansion of the 
atmosphere.This generated a large-scale, propagating high-pressure front—a continental-scale 
shockwave of pressurized air moving outward from regions of most intense energy release. 
 
5.1.2. Structural Failure and Pressure Collapse (The "Suck") This pressure wave transmitted 
immense force to the surface,contributing to the catastrophic mechanical failure of ice sheets, 
particularly the Laurentide Ice Sheet. The sudden venting of cold air and vaporized ice and 
water from this collapse created a powerful, localized extreme low-pressure zone, analogous to 
the core of a deeply convective mesocyclone but on a continental scale. The immense pressure 
differential between this zone and the surrounding atmosphere drove a violent, inward-rushing 
wind field, generating hypercanic convergent winds from all directions directed toward the points 
of ice sheet failure. 
 
5.1.3. The Inrush of Supercooled Air The converging winds were composed ofsupercooled air 
originating from the shattered ice sheet. This resulted in a sudden, intense advective freeze, 
capable of dropping temperatures dozens of degrees Celsius within minutes or hours. 
 
5.2. Mechanisms of Megafaunal Mortality 
 
The Atmospheric Hammer would have been lethal through several simultaneous mechanisms: 
 
5.2.1. Pulmonary Barotrauma The rapid and extreme pressure changes inflicted fatal internal 
injuries.The initial high-pressure wave compressed the thoracic cavities of animals. The 



subsequent violent inward rush of air and the catastrophic pressure drop itself could cause 
pulmonary barotrauma—the rupture of delicate lung alveoli. This would lead to internal 
hemorrhaging and death by asphyxiation, independent of the subsequent thermal shock 
(Wolbach et al., 2018). 
 
5.2.2. Instantaneous Advective Freezing The inrushing supercooled air caused rapid cryogenic 
freezing.This explains the pristine preservation of mammoths and other fauna found with 
undigested food in their stomachs and mouths (e.g., buttercups, grasses)—frozen too rapidly for 
decay or digestion to commence (Firestone et al., 2007). This mechanism resolves the 
long-standing paradox of how such large-bodied animals could be flash-frozen in their entirety. 
 
5.2.3. Ocular and Dermatological Damage from UV Radiation As detailed in Section 3.2,the 
NOₓ-catalyzed destruction of the ozone layer permitted a temporary surge of UV-B and UV-C 
radiation to reach the surface. This would have caused severe retinal damage (potentially 
blinding animals), dermatological injury, and immunosuppression, compounding stress and 
mortality. 
 
5.2.4. Habitat Destruction and Long-Term Stressors The concurrent global wildfires(Section 3.3) 
destroyed vast tracts of forage and habitat. Subsequent acid rain (Section 3.4) acidified 
freshwater sources and damaged remaining vegetation. These factors ensured that any 
survivors of the initial event faced a profoundly altered and resource-scarce landscape. 
 
5.3. The Formation of Death Assemblages and the "Muck" 
 
The final act of the sequence was the rapid burial of the deceased fauna. The convergent 
hypercanic winds scoured the landscape, lifting immense quantities of dust and silt. 
Simultaneously, meltwater floods from the collapsed ice sheet carried suspended sediment. This 
resulted in the deposition of the thick, organic-rich, and bone-bearing sediment known as the 
"muck" in Alaska and Siberia (Firestone et al., 2007). This rapid burial explains the exceptional 
preservation of soft tissues and bones in these regions, protecting them from scavenging and 
weathering. 
 
5.4. Human Population Transitions 
 
The proposed event also provides a coherent mechanism for the contemporaneous cultural 
shifts in human populations, notably the decline of the Clovis culture in North America. The 
sudden loss of major prey species (megafauna), combined with the immediate physical dangers 
of the event (fires, pressure waves, UV radiation) and the long-term destruction of ecological 
niches, would have placed unbearable stress on hunter-gatherer societies. This forced rapid 
adaptation, migration, and technological innovation, explaining the relatively abrupt 
archaeological transition from Clovis to subsequent regional cultures. 
 
Forensic Analysis of Megafaunal Mortality Mechanisms 
 



The proposed 'Atmospheric Hammer' mechanism would leave the following forensic evidence in 
the megafaunal record: 
 
Mechanism: Pulmonary Barotrauma 
 
· Effect on Megafauna: Rapid death by asphyxiation and internal hemorrhage caused by 
extreme pressure differentials. 
· Expected Forensic Evidence: Hemorrhaging in lungs & respiratory tract; no time for digestive 
response. 
 
Mechanism: Advective Freezing 
 
· Effect on Megafauna: Instantaneous cryogenic preservation of entire carcasses. 
· Expected Forensic Evidence: Undigested stomach contents; pristine tissue preservation; 
absence of scavenging marks. 
 
Mechanism: UV Radiation Flux 
 
· Effect on Megafauna: Retinal damage, blindness, skin lesions, immunosuppression. 
· Expected Forensic Evidence: Not directly preservable, but inferred from population collapse. 
 
Mechanism: Habitat Destruction 
 
· Effect on Megafauna: Loss of forage and shelter; long-term population stress. 
· Expected Forensic Evidence: Sedimentary evidence of fires (charcoal) and ecological change. 
 
Mechanism: Rapid Burial 
 
· Effect on Megafauna: Protection of carcasses from scavengers and elements. 
· Expected Forensic Evidence: Animals found in standing positions; articulation of skeletons; 
preservation of soft tissue. 
 
The "Atmospheric Hammer" effect thus provides a multi-pronged, physiologically coherent 
explanation for the pattern of megafaunal extinctions—a pattern that theories relying solely on 
climate change or human overhunt have struggled to explain. It accounts for both the rapidity of 
the die-off and the peculiar conditions of preservation. 
 
 
 
6. Discussion and Comparative Analysis 
 
The superflare-terrestrial mobilization model presented herein provides a comprehensive and 
integrated explanation for the Younger Dryas boundary event. Its principal strength lies in its 
causal parsimony—a single astrophysical trigger initiates a cascade of terrestrial processes that 



account for the entire suite of physical, geochemical, and paleontological evidence, all while 
avoiding the significant geochemical and physical inconsistencies that challenge the impact 
hypothesis. 
 
6.1. Resolving the Paradoxes of the Younger Dryas 
 
This model directly resolves several long-standing paradoxes that have plagued the impact 
hypothesis: 
 
· The Terrestrial Isotope Paradox: The consistent terrestrial δ¹³C signature of YDB 
nanodiamonds and carbon spherules is a predicted outcome of our model, not a problem to be 
explained away. The carbon source is unequivocally terrestrial biomass and methane (Kennett 
et al., 2009; Kinzie et al., 2014). 
· The No-Crater Paradox: The event leaves no impact crater because no macroscopic 
extraterrestrial object is involved. The energy for mobilization and transformation is atmospheric 
and electrical (Holliday et al., 2014). 
· The Heterogeneous Proxy Paradox: The variable distribution and geochemical heterogeneity 
of Pt anomalies and microspherules are explained as a natural consequence of the mobilization 
of diverse terrestrial geological sources, not the homogeneous signature of a single impactor 
(Bunch et al., 2012; Petaev et al., 2013). 
· The Hemispheric Bias Paradox: The stronger Northern Hemisphere cooling aligns with the 
concentration of ice sheets (for the "Atmospheric Hammer" effect) and hydrocarbon-rich 
permafrost (for fuel) in the north, as well as the potential for a focused superflare event on the 
sunlit hemisphere (Carlson, 2013). 
 
6.2. Evaluation of Competing Hypotheses Against Key Evidence 
 
The superflare hypothesis provides a more parsimonious explanation for the YD evidence, as 
shown in the following comparative evaluation: 
 
Evidence: Nanodiamonds (δ¹³C) 
 
· Cosmic Impact Hypothesis: Requires shock transformation; source ambiguous. Struggles with 
terrestrial δ¹³C. 
· Superflare Hypothesis: Elegantly explained by plasma CVD from terrestrial carbon. Predicts 
terrestrial δ¹³C. 
· Conclusion: Superflare superior. 
 
Evidence: Lonsdaleite 
 
· Cosmic Impact Hypothesis: Requires high-pressure shock (>10 GPa); evidence disputed 
(Nemeth et al., 2020). 
· Superflare Hypothesis: Elegantly explained by low-pressure plasma deposition & strain (Ji et 
al., 2022; Zhang et al., 2020). 



· Conclusion: Superflare superior. 
 
Evidence: Pt/Ir Anomalies 
 
· Cosmic Impact Hypothesis: Predicts chondritic ratios from a homogeneous impactor. Finds 
non-chondritic, heterogeneous ratios. 
· Superflare Hypothesis: Elegantly explained by mobilization from heterogeneous terrestrial 
deposits. Predicts observed ratios (Petaev et al., 2013). 
· Conclusion: Superflare superior. 
 
Evidence: Microspherules 
 
· Cosmic Impact Hypothesis: Predicts condensation from a vaporized impactor. Finds 
heterogeneous compositions. 
· Superflare Hypothesis: Elegantly explained by atmospheric ablation of terrestrial minerals. 
Predicts heterogeneity (Bunch et al., 2012). 
· Conclusion: Superflare superior. 
 
Evidence: NO₃⁻ & NH₄⁺ Spikes 
 
· Cosmic Impact Hypothesis: Impact heat/plasma creates NOₓ; fires create NH₄⁺. Must explain 
their synchrony. 
· Superflare Hypothesis: Single process (plasma discharges) simultaneously creates NOₓ and 
ignites fires, explaining perfect synchrony (Jackman et al., 2008; Wolbach et al., 2020). 
· Conclusion: Superflare superior. 
 
Evidence: Meltglass 
 
· Cosmic Impact Hypothesis: Requires impact shock melting. Composition matches local 
sediments. 
· Superflare Hypothesis: Elegantly explained as fulgurites/plasma crusts from in-situ sediment 
melting. 
· Conclusion: Superflare superior. 
 
Evidence: Megafaunal Extinction 
 
· Cosmic Impact Hypothesis: Indirect; via habitat destruction from fires/climate change. 
· Superflare Hypothesis: Direct and mechanistic via the "Atmospheric Hammer" (barotrauma, 
flash-freezing, UV stress) (Firestone et al., 2007; Wolbach et al., 2018). 
· Conclusion: Superflare superior. 
 
Evidence: Impact Crater 
 
· Cosmic Impact Hypothesis: Required. None found. 



· Superflare Hypothesis: Not required. The absence is a prediction of the model. 
· Conclusion: Superflare superior. 
 
6.3. Testable Predictions and Future Research 
 
This hypothesis generates several novel, falsifiable predictions that can be targeted in future 
research: 
 
1. Nanodiamond Analysis: High-resolution TEM and isotopic analysis of YDB NDs should reveal 
features characteristic of CVD formation, such as hydrogen impurities, specific crystallographic 
defects, and a core-shell structure indicative of vapor deposition, rather than shock 
metamorphism. 
2. Pathological Analysis: A re-examination of well-preserved YD-era megafaunal soft tissues 
(e.g., from permafrost) should seek evidence of pulmonary barotrauma, such as alveolar 
hemorrhaging, which would be a definitive signature of the proposed pressure trauma. 
3. Ice Core Resolution: Ultra-high-resolution (sub-annual) analysis of the YD onset in Greenland 
ice cores should confirm the absolute synchrony (within measurement error) of the NO₃⁻ 
(plasma) and NH₄⁺ (fire) spikes, a unique prediction of this model. 
4. Geochemical Sourcing: The Pt anomalies should correlate geographically with known 
terrestrial provinces of PGE enrichment (e.g., mantle-derived ultramafic rocks), not with a 
pattern expected from an ejecta blanket. 
5. Global Climate Modeling: Climate models should test the atmospheric and climatic response 
to a sudden, massive injection of NOₓ and soot from the proposed mechanism, to determine if 
the magnitude and pattern of cooling align with proxy data. 
 
6.4. Conclusion 
 
The Younger Dryas Impact Hypothesis has served a valuable role by highlighting the anomalous 
nature of the YD boundary and challenging gradualist paradigms. However, the weight of 
geochemical evidence now points toward a terrestrial explanation for the purported "impact" 
proxies. 
 
The hypothesis advanced here—that a solar superflare during the Gothenburg geomagnetic 
excursion triggered a global atmospheric-electrical-terrestrial cascade—provides a more 
coherent, parsimonious, and evidence-based framework. It explains not only the geochemical 
signals but also the pattern of biotic collapse and the absence of a crater. By shifting the source 
of energy from kinetic (an impact) to electromagnetic and atmospheric (a superflare), it resolves 
the longstanding paradoxes while integrating seamlessly with the established record of abrupt 
climate change. This model offers a new paradigm for understanding how astrophysical events 
can drive geophysical and biological catastrophe on Earth. 
 
 
7. Conclusion 
 



The onset of the Younger Dryas stadial represents one of the most abrupt and consequential 
climatic transitions in recent Earth history. For decades, the debate has been polarized between 
models of oceanic circulation collapse and those invoking a catastrophic extraterrestrial impact. 
This paper has advanced a transformative third path: a hybrid astrophysical-terrestrial 
hypothesis that is both more catastrophic than the former and more geochemically coherent 
than the latter. 
 
I have synthesized evidence from ice core chemistry, sedimentology, astrophysics, and 
paleontology to demonstrate that a solar superflare, amplified by the contemporaneous 
Gothenburg geomagnetic excursion, provides a sufficient and parsimonious trigger for the YD 
event. This single astrophysical anomaly initiated a cascading sequence of terrestrial processes 
that cleanly explains the full suite of evidence: it induced a hemispheric-scale lightning 
superstorm that generated nitrogen oxides and ignited global wildfires; it facilitated the in-situ 
formation of nanodiamonds and mobilization of terrestrial platinum and microspherules through 
plasma deposition and ablation; and it culminated in the "Atmospheric Hammer" effect—a 
combination of pressure trauma, flash-freezing, and UV exposure that directly explains the 
terminal Pleistocene megafaunal extinctions. 
 
This framework successfully resolves the most persistent enigmas of the impact hypothesis, 
including the terrestrial isotopic signatures of carbon, the heterogeneous and non-chondritic 
nature of PGE anomalies, the absence of a crater, and the hemispheric bias of the cooling. It 
achieves a level of causal parsimony that has eluded previous models, using a single trigger to 
explain geochemical, sedimentological, and paleontological evidence across multiple 
continents. 
 
The implications of this model are profound. It elevates solar activity and geomagnetic field 
variability to the level of primary drivers of paleoclimatic and paleobiological catastrophe. It 
suggests that the episodic, large-scale deposition of combustion aerosols and NOₓ may be a 
previously underestimated mechanism for rapid climate forcing. Furthermore, it provides a new 
lens through which to examine other periods of abrupt change and extinction in the geologic 
record that lack evidence for impact but share similar proxies. 
 
Ultimately, this study moves the discourse beyond the increasingly untenable impact hypothesis 
and its gradualist alternatives. It provides a new, evidence-based paradigm that is both 
catastrophic and firmly rooted in terrestrial Earth processes. The path forward is rich with 
testable predictions, from nanoscale analysis of diamond synthesis to global climate modeling. 
By accepting that the key to the Younger Dryas mystery lies not in the stars, but in the complex 
response of Earth's own systems to an astrophysical impulse, we open a new chapter in our 
understanding of abrupt climate change and the vulnerability of the biosphere. 
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