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Abstract: Is it coincidence that two of the largest outpourings of lava in Earth’s history, the Deccan Traps and Siberian Traps, occurred 
simultaneously with the Cretaceous-Tertiary (KT) and Permian-Triassic (PT) extinctions respectively? Either the outpourings of lava 
caused the extinctions or what caused the extinctions caused the lava outpourings. It is proposed that the primary cause of both 
extinctions is a bolide impact and that the traps are the antipodal outpourings caused by the impacts. Is it coincidence that the Hawaiian 
Hotspot lies in the middle of the Pacific Basin? The formation of the hotspot must be related to the formation of the basin. It is proposed 
that a very large bolide impact created both the Hawaiian Hotspot and the Pacific Basin. These propositions infer several corollaries. 
The Earth first formed a global continental crust. This global crust lasted until a bolide impact destroyed 2/3 of it to form the Pacific 
Basin and Hawaiian Hotspot. The impact also caused the PT extinction and the eruption of the Siberian Traps. Subduction plate 
tectonics did not operate on Earth until the basin crust became negatively buoyant and began to subduct. The KT impact was a smaller 
version of the PT impact. It broke up crust off the west coast of North America and formed the Yellowstone Hotspot. It also caused the 
KT extinction and the eruption of the Deccan Traps. 
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1. Introduction 

A popular TV investigator likes to say that he does 

not believe in coincidence. Using the same principle, 

this paper proposes that it is not a coincidence that the 

only hot spot not associated with a surface fault (the 

Hawaiian Hotspot) lies in the middle of the Pacific 

Ocean. The formation of the hotspot is linked to the 

formation of the Pacific Basin. It also proposes that it is 

not a coincidence that the two largest outpourings of 

molten rock (the Siberian Traps and the Deccan Traps) 

coincide with the two largest mass extinctions in 

Earth’s history, the PT extinction [1-4] and KT 

extinction [5] respectively. The outpouring of molten 

rock was caused by the same event that caused the 

mass extinctions: large bolide impacts. 

Research to find evidence to support these proposals 

has led to the development of a radical new model of 

the evolution of the geologic processes on Earth. In this 

paper the model is referred to as the “global continental 
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crust” model. In brief, the model states that the Earth 

developed a global continental crust and was evolving 

to a fixed lid regime like the other terrestrial planets. 

Then 252 million years ago (Ma) a very large bolide 

impacted the Earth at a glancing angle. The impact 

destroyed 2/3 of the Earth’s continental crust. The 

remaining crust is the super continent of Pangea. The 

destroyed continental crust was replaced by the mafic 

oceanic crust of the Pacific Basin. After the mafic crust 

became negatively buoyant, it began to subduct and 

pulled Pangea apart. This was the start of modern 

subduction plate tectonics.  

This is a radical proposal that requires reanalysis of 

the evolution of Earth’s geology from 4.3 billion years 

ago (Ga) to 200 Ma. An abbreviated analysis is given 

below. A more extensive analysis can be obtained from 

the author. 

2. Formation of the Initial Continental Crust, 
4.5-2.5 Ga 

The existence of 4.4 Ga zircon crystals [6] indicates 

that felsic crust existed by 4.4 Ga [7, 8]. The 

continuous age distribution of zircons between 3.9 and 

D 
DAVID  PUBLISHING 



Did Plate Tectonics Start with a Bang? 

 

92

4.3 Ga [9-11] indicates zircons were continuously 

being generated and, therefore, new continental crust 

was constantly being formed.  

By 4.04 Ga, portions of the felsic crust had become 

rigid enough to survive [12] and form Archean cratons. 

The increased rigidity of the crust is also indicated by 

zircon ages being more spaced and clumped around 

specific ages after 3.9 Ga [9]. Archean cratons are 

dominated (80%) by gneisses of 

Tonalite-Trondhjemite-Granodiorite (TTG) 

composition [13]. The Archean TTG crust is estimated 

to be 30-40 km thick [13, 14].  

Greenstone belts of mafic and ultramafic lavas 

erupted over the TTG crust [13]. There is no sign of 

any interaction between the mafic lava and the felsic 

crust [15]. Therefore, the mafic lava must have risen 

quickly through the overlying TTG crust in order not to 

form rocks of intermediate composition.  

Lava probably erupted along fissures [16] along the 

edges of blocks of Archean TTG crust. This produced a 

matrix of TTG blocks separated by weaker boundaries 

that later became active eruption and deformation sites. 

In the eastern Sino-Korean craton, detailed seismic 

tomography shows an upper mantle made up of 

vertically and laterally extensive blocks of 

high-velocity (probably Archean) mantle embedded in 

a matrix of lower velocity (presumably hot 

Phanerozoic) mantle [17].  

Initially the cooled mafic lava sank into the pliable 

TTG crust [13]. The sinking of dense greenstone belts 

into the soft basement indicates that the lithosphere 

remained hot and soft into the Archean [18, 19].  

At the same time that the Archean crust was forming, 

deep lithospheric “roots” or “keels” were forming 

beneath the Archean crust [17]. The keels have 

remained associated with the crust since their 

formation. The keels have a unique structure of a cool 

core surrounded by a rigid thermal boundary layer [20]. 

Seismic readings indicate that the core is cool [21]. The 

rapid rise of lavas in kimberlite eruptions indicates that 

the core is composed of low melt temperature material 

[22]. The longevity of the keels indicates that the 

thermal boundary layer is rigid and has a high melt 

temperature [23, 24].  

Current models for crustal formation do not produce 

crust with the above characteristics and/or would not 

operate at the hotter temperatures that existed before 

3.9 Ga. Simulations indicate that subduction plate 

tectonics would not operate at mantle temperature 

greater than 275 °C above current mantle temperature 

[25, 26]. Both subduction plate tectonics and 

delamination propose to generate TTG crust by partial 

melting of basaltic crust. This requires controlling the 

melting process to produce less than 20% melt (less 

than 1100 °C) [27-30]. Controlling the melt 

temperature and producing 40 km thick TTG crust with 

such a low melt percent is unlikely for either process. 

These models also do not produce a keel with a thermal 

boundary nor do they explain the bi-modal 

characteristics of TTG and greenstone belts. 

2.1 Global Continental Crust Formation 

A better model that fits the geologic record is a 

global felsic crust formed by differentiation. Initially, 

the felsic layer would be soft and circulate, constantly 

forming new crust and destroying or submerging parts 

of the older crust. As the felsic crust cooled, it became a 

thermal barrier. Mafic material below the felsic crust 

would over heat. It then would quickly melt through 

the overlying felsic layer and erupt onto the surface of 

the felsic crust. As the mafic material cooled, it became 

denser than the underlying felsic crust and sank into the 

crust [31]. As it sank, it differentiated to form more 

felsic crust. The restite continued to sink and settle to 

the bottom of the felsic layer. This is similar to the 

fractional crystallization process proposed for forming 

modern felsic crust [32]. Much of the restite would 

re-enter the mantle, but some would solidify to form a 

thermal barrier around the felsic crust thereby allowing 

a keel to form beneath the Archean crust. The thermal 

boundary layer of the keels would prevent mixing of 

rising lava with the felsic crust. This produced the 
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bi-modal nature of the erupting lava. As the Earth 

continued to cool, the felsic layer became stiff enough 

that the mafic material only partially sank into it. This 

formed the greenstone belts and granite batholiths. The 

end result is a global matrix of felsic terrains separated 

by mafic borders of varying thicknesses.  

Earth would then be the same as other planets. On 

the Moon, anorthite feldspar (plagioclase) rose to the 

surface and formed the lunar highland crust [33]. On 

Mars, the topmost crystalizing layer was likely 

silica-rich (felsic) and buoyant [34]. The type of crust 

formed on Earth was different because of different 

conditions. On Earth, the aluminum enters dense garnet 

crystals and a deep eclogite-rich layer is the result [35]. 

This would significantly reduce the amount of 

aluminum available for creating plagioclase. Higher 

water content and higher pressure also suppressed 

plagioclase formation [34]. 

The distribution of radioactive isotopes and their 

daughter elements supports early differentiation. More 

than 30% of the radioactive isotopes, U, Th, and K, are 

concentrated in the continental crust [35]. If the 

continental crust was global, nearly all radioactive 

isotopes would be in the continental crust [13]. 

Concentrations of short lived radioactive isotopes 

indicate that the Earth differentiated within the first 100 

million years [36-38]. 

As the global continental crust cooled it became a 

thermal boundary layer. The thickness of the crust 

would vary with mantle temperature to accommodate 

heat loss [39]. This would continue until the Earth 

cooled enough to solidify the crust. This would be 

similar to the hot-orogens model that has been 

proposed [18]. 

If the stagnant lid could not dissipate the heat 

through convection and conduction, magma would 

break through and create “heat pipes” to carry magma 

and heat to the surface [35]. While the crust is still 

pliable, the magma sank back into the felsic crust and 

differentiated as it sank. This formed a vertical gradient 

of composition [40]. Studies of the continental crust’s 

composition collectively show that the crust becomes 

more mafic with depth and the concentration of 

heat-producing elements drops off rapidly with depth 

[41]. When the crust became more rigid, the magma 

only partially sank forming greenstone belts. 

3. Evolution toward Pangea, 2.5 Ga-252 Ma 

Analysis of the geologic record indicates that 

subduction plate tectonics did not operate until 1 Ga 

[42] or even as late as 488 Ma [43]. The global 

continental crust model would extend the initiation 

date to 252 Ma. 

By 1 Ga, most geologic models have large 

continental masses moving across the Earth. They 

temporarily join to form super continents and later 

disperse. Rodinia formed 1000-800 Ma [44], 

Gondwana formed 650-500 Ma [45] and Pangea 

formed 330-250 Ma [46]. 

A major argument against such models is that the 

joining of large continental masses did not produce 

large orogenic belts. Collisions of these continental 

masses are often described as “joining”, “docking”, or 

“oblique collision” [47-49]. The merging along the 

East Africa Orogen (EAO) from 750 to 620 Ma and the 

additional merging of Australia and East Antarctica 

between 570 and 530 Ma are both described as oblique 

continent-continent collisions [50]. Even the joining of 

Laurentia and Gondwana did not change the shape of 

the margins of Laurentia [51]. The global continental 

crust model attributes the small orogenic zones to 

minimal movement of adjacent continental blocks.  

To achieve the joining and dispersal of super 

continents, continental blocks would have to change 

direction. Reversal of motion would require the 

collapse of a passive margin to form an active 

subduction zone. No examples of this transformation 

are known in the Cenozoic era [52, 54]. 

Paleomagnetism data support the limited movement 

of cratons as proposed by the global continental crust 

model. Paleomagnetism provides evidence that 

Laurentia, Baltica, and Kalahari were connected for 
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long periods of time in the same relative position as 

they occupy in Pangea. Paleomagnetic measurements 

indicate that Laurentia and Baltica from 1265-2445 Ma 

were linked and adjacent [55]. Superior and Kalahari 

cratons had the same apparent polar wander lengths 

from 1880-2220 Ma. This would indicate that 

Kalahari’s motions were linked to Laurentia’s motions 

through a supercontinent even though they were 

located ~60° apart [55]. One potential position puts 

Kalahari in nearly the same relative position to 

Laurentia as it held in Pangea [56]. 

The longevity of keels beneath cratons is another 

indication that there were few large collisions prior to 

the breakup of Pangea. Many credit keels for the 

longevity of the cratons because they protect cratons 

from the circulating mantle. However, the unique 

structure of the keel makes it vulnerable. A small break 

in the thermal boundary layer would allow intrusion of 

the mantle into the keel. It would quickly melt through 

the interior and erupt as a kimberlite eruption. A major 

break would allow the melting of the interior of the 

keel. The thermal expansion would cause the cratons to 

be more positively buoyant and rise. The Colorado 

Plateau may be an example of keels breaking. Colorado 

Plateau xenoliths suggest that at 30-20 Ma the 

Colorado Plateau had a cool root extending to depths of 

up to 140 km. Current seismic readings provide little 

evidence that there is still a strong, deep and intact 

lithospheric root. This indicates that a large portion of 

the root has recently been removed [57]. The Archean 

Wyoming Province also has no seismically discernable 

root at present. However, the province contains 

numerous [12, 58] kimberlites that contain diamonds.  

Even small stresses on keels may produce cracks that 

would produce small eruptions as kimberlite tubes. All 

kimberlites are less than 200 Ma [24]. This indicates 

that prior to 200 Ma cratons did not experience high 

stress that would have cracked the thermal barrier. 

Therefore cratons could not have been involved in 

craton-craton collisions that would have cracked the 

thermal barrier. This is evidence that cratons did not 

move much prior to 200 Ma. 

4. Bolide Impact 252 Ma 

A major challenge to a global crustal model is that 

2/3 of the crust must be destroyed and replaced by 

oceanic crust. If it is not coincidence that the Hawaiian 

Hotspot lies in the middle of the Pacific Basin, then the 

formation of the hotspot and the basin must be caused 

by the same event. It is proposed that that event was the 

impact of a very large bolide. The continental mass that 

remained is commonly called the super continent of 

Pangea. The destruction of the crust enabled the 

initiation of subduction plate tectonics and the breakup 

of Pangea around 200 Ma. 

The impact should have destroyed continental crust 

in an elliptical pattern [59] leaving a circular shaped 

super continent. But the popular configuration for 

Pangea is penetrated by the Tethys Sea.  

Fig. 1 and Fig. 2 show an alternative configuration 

for Pangea. The alternative configuration was 

generated by first making 3D models of the currently 

existing continental landmasses and then translating 

and rotating them on a 3D sphere to obtain the best fit.  

The main difference between the new configuration 

and the standard configuration is that Greenland is 

rotated to abut to northern Baltica, shown in Fig. 1, instead 
 

 
Fig. 1  Rotation of Eurasia.  
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Fig. 2  Filling or the Tethys Sea.  
 

of Baltica rotating to abut to Greenland. The new 

configuration is justified by deep water trenches 

between Greenland and Laurentia that indicate that 

Greenland has been separated from Laurentia. Rotating 

Greenland instead of Baltica allows the western edge of 

Baltica to abut the northeast edge of Laurentia. This 

configuration is justified by bends in the mid-Atlantic 

ridge that matches the northwest corner of Baltica. 

This new configuration reduces the rotation of 

Baltica and Asia so that the Southern China landmass 

and the Australia-New Guinea landmass partially 

enclose the Tethys Sea. This enclosed area is slightly 

larger than the landmass of Southeast Asia. The area 

can further be filled in by expanding the 

Himalaya-Tibet landmass which has contracted from 

~500 to ~1,000 km [60]. The implication is that there 

was no oceanic crust separating India from Asia. 

Instead the two landmasses were separated by 

continental crust which was extruded to become 

Southeast Asia or contracted into Tibet as India and 

Asia moved together.  

This model agrees with multidisciplinary data which 

indicate that all the East and SE Asian continental 

terranes had their origin on the India-N/NW Australian 

margin [61]. In the early Cenozoic large fragments of 

Eurasian lithosphere were extruded eastward out of 

central Tibet toward southern China and northern 

Indochina [60]. 

Earth may not be the only planet with large scale 

crustal destruction. A bolide impact has been proposed 

as the cause of Mars’ northern hemisphere lowlands 

[62]. On Venus, 84% of the craters are in pristine 

condition and randomly distributed. This strongly 

indicates that Venus experienced a global resurfacing 

event between 300 and 500 Ma [63]. A large bolide 

impact could have caused the resurfacing. 

Destruction of 2/3 of the Earth’s continental crust 

would require impact by a very large bolide. The bolide 

could have been a small planet from within the inner 

Solar System or it could have come from the outer 

reaches of the Solar System. 

Simulations indicate that the orbits of planets in the 

Solar System are chaotic. In the future existing planets 

could leave their current orbits, migrate, and collide 

with other planets. The instabilities occur over billions 

of years [64]. This indicates that a planet could have 

existed in its own orbit for over 4 billion years before 

becoming unstable and drifting into the gravitational 

influence of the Earth. 

The collision of a wayward planet would be at a 
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relatively low velocity, near the escape velocity of the 

Earth. Loss of momentum from the impact would 

likely prevent the bolide from escaping Earth’s pull and 

it would go into orbit around the Earth. This would 

imply that the PT bolide was the Moon. This requires 

turning the South Pole Aitken (SPA) Basin from one of 

the oldest geologic features into one of the youngest. 

This would require that most of the craters within the 

basin were formed by debris falling back onto the 

surface after the collision. Many craters in SPA do have 

young lava flows on their floors as would be expected, 

in Fig. 3, compared to lunar highland craters, shown in 

Fig. 4. More investigation into the formation of the 

SPA needs to be done before the Moon is a viable 

option for the PT bolide. 

The alternative to an inner Solar System origin of the 

bolide is an outer Solar System origin. Around 10 

dwarf planets with diameters larger than 1,000 km  

have been discovered in the Kupier Belt [66]. The inner 

Oort cloud is estimated to have between 400-1,700 

dwarf planets with diameter larger than 1,000 km [67] . 

The Earth would not be the first to have a close 

encounter with large bolides. Various planetary 

satellites, most small, but at least one substantial (i.e. 

Triton), were apparently captured from heliocentric 

orbits [68].  
 

 
Fig. 3  Craters in South Pole Aitken Basin [65].  
 

 
Fig. 4  Lunar Highlands craters [65].  
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The feasibility of a bolide destroying 2/3 of the 

Earth’s crust will require a very detailed and complex 

simulation. To date, few giant bolide impacts have 

been simulated. The basin forming impact on Mars has 

been simulated [69] and the Moon forming impact has 

been modeled [70]. An impact that would destroy 2/3 

of the Earth’s continental crust would lie between the 

sizes of these two. Both of these simulations used a 

smoothed particle hydrodynamics (SPH) model. The 

size of an individual particle is about 118 km. The 

simulation of the destruction of the continental crust 

must have a resolution about the thickness of the crust, 

40 km. A much higher resolution simulation must be 

developed. Advances in the use of adaptive mesh 

refinement (AMR) [71] may make such a simulation 

possible. Until such a simulation can be performed, the 

geologic record must be explored for evidence of such 

a large impact. 

4.1 Pacific Basin 

The bolide impact would have instantaneously 

formed large areas of oceanic crust. This crust should 

all have the same age and show no magnetic striping. 

Unfortunately, most of that crust has been destroyed 

through the process of subduction. Candidate locations 

for remnants of this crust would be areas between 

converging continents like the Arctic Ocean or the 

Pacific Basin. 

Portions of the Arctic Ocean Basin do lack magnetic 

striping. The crustal structure, age, and origin of the 

main tectonic blocks are not well enough resolved to 

make definitive conclusions [72]. However, some 

analyses have concluded that there may be a trapped 

piece of Jurassic ocean floor within the basin [73] 

The Pacific Basin has one possible area for a 

remnant. The Jurassic Magnetic Quit Zone (JQZ) in the 

south western Pacific has no or very weak magnetic 

striping. The JQZ has a unique triangular shape defined 

by magnetic striping at its boundaries. Plate history 

models have the JQZ forming at a spreading triple 

junction that had existed for millions of years before 

the JQZ was formed [74]. The formation of the JQZ 

either requires unique events [75] or a remnant of a 

previous crust. 

Drilling projects have determined the age of the 

surface lava within the JQZ to be 167 Ma [73]. This 

would indicate that the JQZ formed after the breakup of 

Pangea unless eruptions continued for millions of years 

after its initial creation. Drilling shows that magmatism 

in the JQZ did last for at least 13 million years. The 

floor is vertically layered. The top layer is dated at 157 

Ma. The last layer drilled into is dated at 170 Ma [76]. 

It is unknown what layers lie below the 170 Ma layer. 

The bolide impact could have left partially destroyed 

continental crust. The Ontong Java Plateau (OJP) in the 

Western Pacific is the primary candidate for a segment 

of partially destroyed continental crust. 

OJP has several characteristics that indicate it is a 

sunken piece of continental crust. OJP has a broad and 

relatively flat surface [77]. High seismic velocities are 

observed in the lower crust of Ontong Java [77]. The 

central part of the OJP has seismic characteristics of a 

continental fragment, differing only in that the Moho is 

depressed by a thick basal layer [78]. Its crustal 

thickness of 30 km matches continental crustal 

thickness [79]. The OJP and Manihiki plateaus have 

enough Cr and Ni to match average continental crust 

[80]. Isotopic composition of lavas indicates that up to 

30% is incorporated from ancient lower continental 

crustal material [81].  

The OJP even has a keel. A seismic discontinuity at 

283 km could indicate the base of a keel [82]. A 

three-dimensional tomographic model indicates the 

existence of a low-velocity mantle keel reaching the 

depth of ~300 km [83]. If such velocities were entirely 

thermal in origin, then the root would be up to 700 °C 

hotter than surrounding mantle, hot enough to cause 

continuing volcanism [84]. This is different from the 

keels beneath cratons which have a cool, high velocity 

mantle keel. The keel below the OJP could have been 

transformed from a cool keel to a warm keel if the 

thermal boundary layer at the bottom of the keel was 
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significantly cracked to allow hot mantle to enter. It 

would melt the low melt temperature interior of the 

keel. The OJP would rise as the density of the keel 

decreased. As mantle material mixed into the keel, the 

buoyancy of the OJP would decrease and it would start 

to sink. The thermal boundary layer on the sides of the 

keel would then prevent the interior of the keel from 

cooling. 

Like the JQZ, the OJP has young lava on its surface. 

Measured ages range between 88 and 125 Ma [85]. 

This too could be caused by ongoing eruptions as a lack 

of reversing magnetic isochrones in the surrounding 

basins [85] may indicate.  

The destroyed continental crust would have enriched 

the lithosphere in incompatible isotopes and changed 

composition of Ocean Island Basalts (OIBs) that are 

erupted in the Pacific Basin as compared to other 

basins. The Western Pacific Seamount Province 

(WPSP) does exhibit a geochemical composition that 

spans almost the whole OIB array on an area that 

covers only ~0.14% of the Earth’s surface. It also 

exhibits a highly complex and irregular age-distance 

relationship [86].  

4.2 Timing of the Impact 

The bolide impact enabled the breakup of Pangea. 

Therefore the impact must have occurred at the time of 

Pangea breakup at 201 Ma or before it. The 

Permian-Triassic (PT) extinction is the largest mass 

extinction in Earth’s history [87]. This plus similarities 

to events at the Cretaceous-Tertiary (KT) boundary 

make 252 Ma the prime date for the impact. 

This means that there was a delay of 51 Ma between 

the impact and when Pangea started breaking up 201 

Ma. The best explanation for this delay is that it took 

that long for the new oceanic crust to become neutrally 

buoyant and begin to subduct. Currently, time to 

neutral buoyancy is about 25 Ma [88]. The time 

increases by ~50 Ma for an increase of 100 K in mantle 

temperature [89]. 252 Ma the mantle temperature was 

about 50 °C warmer [90]. This would mean that the 

time to neutral buoyancy was about 50 Ma which is in 

good agreement with the delay in breakup. 

If a bolide impact caused the P-T extinction, the 

pattern of extinction should be unique to a bolide 

impact. The fossil record indicates that the PT 

extinction was worldwide and occurred in a geologic 

instant [91-95]. Seawater temperatures increased from 

21 °C to 36 °C [96]. Analysis of the carbon cycle 

indicates that the amount of carbon requires an 

implausibly large source. This indicates that a bolide 

impact triggered both the release of CH4 from stored 

hydrates and the initiation of Siberian volcanism [97]. 

The breakup of Pangea and the initiation of 

subduction plate tectonics increased the amount of 

volcanism. There were a sparse number of samples of 

primary lavas between 2.0 Ga and 252 Mya. The 

number of samples substantially increases after 252 

Mya [26].  

The creation of the deep ocean basin, the increase in 

exposed land, and the increase in elevation difference 

produced a wider range of ecosystems and an increase 

in the diversity of species. The number of genera 

increased dramatically during the Ordovician (500-450 

Ma). Then the number of genera stayed around 1,000 

until the PT extinction. Since the PT extinction the 

number of genera has steadily increased to a present 

number of over 5,000 [98]. 

4.3 KT-PT Similarities 

It is proposed that the PT bolide impact is a larger 

version of the KT bolide impact. Both the PT and KT 

impacts formed hotspots, the Hawaiian and 

Yellowstone Hotspots respectively. The Chicxulub 

Crater is therefore a secondary impact at the KT 

boundary. Both caused antipodal outpourings, the 

Siberian and Deccan Traps respectively. The impacts 

differ in that the PT bolide impacted at a glancing angle 

while the KT bolide impacted at a near vertical angle.  

The location of the Hawaiian Hotspot indicates that 

it was formed by the PT bolide impact that formed the 

Pacific Basin. If the KT bolide impact is a smaller 
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version of the PT impact, it likely also formed a hotspot. 

The Yellowstone Hotspot is the most similar hotspot to 

the Hawaiian Hotspot and therefore the prime 

candidate.  

The hotspots would initially be formed when the 

bolide impact compresses and melts a column of 

mantle beneath the impact point. Molten mantle begins 

to rise. The rising flow could be maintained by an 

exothermic phase transformation at the 660 km depth 

discontinuity. Various minerals transition their 

structure as they transit through about 660 km depth 

[99]. This transformation has a negative Clapeyron 

slope [100]. Ascending material undergoes an 

exothermic (releasing heat) reaction [99] that could 

heat the rising magma and assist the upwelling. 

Seismic imaging of the mantle beneath the Hawaiian 

and Yellowstone hotspots, in Fig. 5, supports this 

model by showing a transition in the structure of the 

upwelling at the 660 km depth [101-103]. A narrow 

conduit rises from the 660 km discontinuity. Below  

the 660 km discontinuity a circular area of hot material 
 

 
Fig. 5  Seismic imagery of the Yellowstone Hotspot (B. 
Schmandt, EPSL May 2012).  

exists down to 1,000 km. The circular structure of the 

heated material below the 660 km depth indicates that 

material is being sucked up through the 660 km 

discontinuity and not pushed from below. 

There is some direct evidence that the Yellowstone 

Hotspot was formed coeval with the KT impact at 65 

Ma. 65 Ma the location of Yellowstone Hotspot would 

have been well off the west coast of North America. 

Therefore, the KT bolide would have impacted the 

Earth off the west coast of North America and should 

have altered the coast line. Age of basement rocks 

systematically decrease from 62 Ma around the 

Oregon/California boarder and 57 Ma around 

Vancouver Island to 49 Ma at the Columbia Gorge. 

This has been interpreted as evidence of volcanic 

chains generated by the Yellowstone Hotspot, which 

were accreted to form the Coast Range terrane [104]. 

Volcanic activity extends to the Aleutian Islands with 

dates between 61 Ma and 26 Ma [105]. The maximum 

age of 62 Ma for intrusions is coincidentally close to 

the 65 Ma date of the KT impact. 

A rise of magma would have formed beneath a thin 

crust. As the hotspot came onshore, the thin crust 

would have ruptured and released the magma that had 

accumulated. The large outpouring could have formed 

the Columbian Basin basalt fields. This model is 

supported by the composition of magmas away from 

the hotspot track along the Columbia River and Steens 

Mountain which indicates they had stagnated at 

shallow depth where they differentiated [106].  

A low velocity anomaly extends in a straight line 

from the Yellowstone hotspot back to approximately 

San Francisco California [107]. The Yellowstone 

Hotspot could have formed this anomaly as the North 

American plate moved west-southwest over it. 

The coeval occurrence of the PT extinction event 

and the formation of the Siberian Traps [1-4] and the 

coeval occurrence of the KT extinction event and the 

formation of the Deccan Traps [5, 108] are probably 

not a coincidence. It is more likely that the impacts 

caused the large igneous provinces. The traps would 
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therefore be the antipodal outpourings caused by the 

impacts. The rapid extrusion of lava, in less than 1 

million years [2] would be expected for an antipodal 

eruption. This is a stronger cause-and-effect than the 

proposal that the seismic waves from an impact 

increased the outflow of the Deccan Traps eruption 

[109, 110].  

If the KT bolide impact caused the formation of the 

Deccan Traps at its antipodal location, then the relative 

location of the Yellowstone Hotspot to the Deccan 

Traps location at 65 Ma should be correlated. The 

Deccan Traps are currently located on the India 

landmass at about 20o N and 74o E. India has been 

moving north at approximately 9 meters per century 

[111]. Assuming the same velocity over the last 65 Myr, 

India would be 5,850 km, or 52 degrees, farther south. 

This would place the Deccan Traps at approximately 

32o S and 70o E at the time of impact. The Yellowstone 

Hotspot is at 44o N and 110o W. The antipodal point 

would therefore be approximately 168o away from the 

impact point, indicating a near vertical hit.  

It is more difficult to determine the location of the 

Siberian Traps 252 Ma. If the destruction of the 

continental crust was symmetrical around the impact 

point, then a vertical impact should have produced an 

antipodal point in the middle of Pangea. Instead, the 

Siberian Traps lie near the edge of Pangea. This would 

be expected for a low impact angle.  

For a low impact, most of the bolide would escape 

the Earth. It would not leave an iridium spike at the PT 

boundary [112]. The bolide impact would have 

produced high temperature structures such as 

fullerenes [112, 113] and Fe-Si-Ni grains [114]. 

5. Conclusion 

At a minimum this paper has shown that geologic 

processes change with time. It has also made a case for 

a radical new model of the evolution of the Earth, a 

model that proposes that subduction plate tectonics did 

not start until after the big bang of a bolide impact 

created oceanic crust that would subduct after cooling. 

Proper evaluation of the model will require an open 

mind and more precise definition and analysis of the 

geologic record. It will take a more global view, not 

limited to a few rock samples or to a limited field of 

study. The geologic record is complex and is easier to 

analyze if filters are applied. Yet every rock has a 

history that must fit into the evolution of the Earth. 
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