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I. Introduction. 

The proposal is aimed at a substantial change in the process of the formation of terrestrial planets. I am 

proposing that the Terrestrial Planets were originated in the Asteroid Belt. But the proto-Earth may have 

been catapulted, by the action of a gravitational dynamics, from as far away as the Kuiper Belt. It is to be 

expected that this body was made of a stony iron nucleus covered of ice. This body, which from this 

moment I want to call “Borea” (Greek god of the northern cold winds announcing the coming of the 

winter), made its way through the Asteroid Belt for subsequently invade the planetary disc ranging from 

the Sun to about 1.5 A.U. or, approximately the actual position of planet Mars. My proposal may explain 

the appearance of water on Earth and on other terrestrial planets, without resorting to bombarding of 

planets in embryonic state that revolved around the sun. Explains the late bombardment and the 

Advent of Biological Elements (ABEL). In this model, it is not necessary to propose a Grand Tack, which 

conceives a migration of the gas giant planets through the Asteroid Belt, and then to disappear due to 

the presence of a hypothetical planet called "Black Sheep"1. This proposal will include a major 

modification of the Giant impact, for the formation of the Moon and Mars. I attribute a great deal of 

importance to the Asteroid Belt, which is understood like rubble residuals that remained after a first 

stage of the formation of the Solar System, but as I will propose, should appear more profusely in the 

creation of interior Planets. Scientific studies related to the description and analysis of types of asteroids 

progenitors of the different chondrites and their contribution to the formation of the Terrestrial Planets, 

can be explained by this model. This proposal is an alternative related to the emergence of water on 

Earth and on the other terrestrial planets. I propose that all Terrestrial Planets, appeared as a result of 

Borea passing through the Asteroid Belt. It somehow involves a migration through the Asteroid Belt, but 

by no means similar to the Grand Tack. I am going to propose that the Great Impact, should be modified 

as a slight tangential impact (this idea is not mine) from where, Earth ejected the material for the 

formation of the Moon: possibly a mass formed on the Earth's body surface, that came off with the 

impact. This impact was not caused by the hypothetical Theia, as described in the traditional model, but 

was produced by an asteroid that would become the planet Mars, a body from the same Asteroid Belt. 

This impact led to the separation of the component bodies of Borea, formed and emerged from the 

Asteroid Belt, after carrying away 99% or more of the Asteroid’s Belt mass with it. The impact I think, 

can also explain the retrograde rotation of Venus. Once the component parts of Borea were separated 

by the impact with “Theia"/asteroid-Mars, the planets continued their elliptical trajectories after 

separating and emerging from their spiral paths described through the Asteroid Belt. Once outside the 

Asteroid Belt, the component bodies, had accreted, with a good approximation, the masses they 

currently have, and with their respective kinetic energies the acquisition of their current average speeds. 

Mars impacted with the emerging triple-body protoplanet, in a soft collision that allowed an ejection of 

the surface material and from the upper mantle of the Earth, in a debris that would create the Moon; 

“Theia”/Asteroid-Mars “bounced” off after the collision with now triple Borea until it reached its current 

position, while still rotating counterclockwise. This almost tangential side collision, gave the Earth its 

mailto:pkrumbein47@gmail.com


2 
 

counterclockwise rotation, inducing to the adjacent body, Venus, a spin in the clockwise direction, while 

the third body, Mercury, by rotating counterclockwise, to finally yielding the four terrestrial planets. It 

must be understood than Borea, enters the Asteroid Belt from, possibly the Kuiper's Belt on a trajectory, 

that after several possible considerations, I describe as an ellipse of an eccentricity near the unit (see 

p.10, Annex-A). The asteroid-eater Borea, is entertained in the Asteroid Belt on a tour of about 112 A.U. 

(1.68𝑥1010 𝑘𝑚) spending a possible time of around 180 million years in the spirals, the time estimated 

for the definition of the Late Heavy Bombardment (late veneer) at a speed between 0.62 A.U./Ma, 
1

4

𝑘𝑚

𝑑
.                 

Several basic assumptions for this proposal should be clarified: 

1. The solar disk about around 2 A.U. radius was very dim and perhaps too hot to contain a mass 

that could have collapsed as planets. The proto sun would have "cleaned" the disk around it up 

to about 2 A.U.  

2. The speed of Borea is very low, allowing the accretion of asteroid material in the same belt for 

around 180 Ma. 

3. The reducing and oxidizing materials, were accreted by Borea simultaneously, but not 

necessarily in the same proportion. The denser material of asteroids rushed to the nucleus and 

possibly a rudimentary plate tectonic had begun before the emergence of Borea from the 

Asteroid Belt (AB). The Earth, as it reached its current position, was in condition to allow much 

earlier the kinetics for the evolution of life, since the biological elements were accreted during 

Borea’s crossing the AB.   

 

II. Fundamentals of the Theory: Classic Viewpoint 

 

All models of the creation of the Earth retain a common ground, which states that "the Earth 

has maintained its atmosphere and ocean since its birth."2 I assume here that "birth" means an 

Earth with all its final product, that was adapted for the process of the evolution of life. The 

dynamic process that brought Earth to this point, is precisely one of the objectives to examine, 

and that I hope to contribute with this proposal, using the enormous scientific efforts of many 

researchers who shed light on it, submitting a model that can explain some questions with 

outstanding answers about the Interior Solar System. The great ideas of many men and women 

of science and the results of their research, once again, will help us to accept the less 

complicated explanation, which does not make it a simple one. Before exposing the ideas more 

clearly, I would like to define, with the help of astrolithology what, scientists specialized in 

chemistry and geology have found regarding the composition of asteroids. We know that the 

Earth was formed by the accretion of solids, which formed the Earth's nucleus, mantle, and 

crust. As it is a question of finding the way by which the Earth enriched itself with the water 

found in it, whether it is on the surface seen in the oceans, rivers and lakes, or the water hidden 

in the nucleus and mantle, from which geologists can only make estimates based on volcanic 

eruptions and other geological dynamics, and from which they can infer its presence, based on 

the theory of plate tectonics. The study of meteorites, which are pieces of asteroids falling and 

collected from the Earth's surface, we can gain an idea of the condensation of solids, with the 

consequent accretion of material that led to the formation of the planets. Several spherical 

inlays in the order of millimeters have been found in this material collected from asteroids. It is 
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likely that this material went through smelting at temperatures of 10000𝐶 or above. The 

material after smelting, is called “chondrules". The origin of the source for the energy for this 

smelting of the material is not clear, but it is possible to think that the high heat emitted by the 

sun had reached the AB by expulsions of hot material during its formation, or simply by 

radiation.  It is likely that the AB would have been closer to the sun than it is today, and that by 

losing its mass the limits would expand to the current position. It is also feasible that, high 

energies would have been generated by collisions between rocky materials as a result of 

impacts and friction. These chondrules "could be formed as a product of energetic collisions 

between planetesimals (inside the AB), just tens or hundreds of kilometers in diameter." 3 There 

are three kinds of meteorites classified as rock type, iron, and blends of iron and rock type.  A 

kind of a rock meteorite, is the chondrite. The achondrites show signs of having gone through 

fusion and then crystallized.  The chondrites were formed from the same material that the rocky 

planets possess, and formed at the same time as the planets in the Solar System. They are, as a 

matter of fact, masses of agglomerated matter 4.56 Ga ago, when the Solar System was formed. 

 

Research within astrolithology, "began with the classification of meteorites based on the 

existence of the chondrules (Urey and Craig, 1953). Basically, a meteorite is a 'conglomerate', 

which means an aggregation of solar cloud condensates under an unbalanced process that 

includes Ca-Al rich inclusions (CAI), and chondrules formed at temperatures above 10000𝐶and 

mineralogical matrices, formed at a temperature much lower than the 1000𝐶. This meteorite 

material mixed with chondrules is then classified as chondrites, which is at the time classified as 

oxidized and reduced (dry) chondrites. The most reduced chondrite is the enstatite chondrite, 

while the most oxidized is the CI chondrite." 4 The group of the CI chondrites are named after 

the Ivuna meteorite that was found in Tanzania, and contain up to 22% of water.   

All this asteroid material and their respective globular formations (chondrules) and chondrites, 

was, and still is, located in the Asteroid Belt, which during the formation of the Terrestrial 

Planets produced a depauperating effect of that strip around the sun, and that has its 

boundaries between planets Mars and Jupiter. 

 

Earth could not have been formed of carbonaceous chondrites only, as it would have more 

water than it contains. The Earth is formed of the dry part provided by the enstatite chondrites 

along with the carbonaceous chondrites; they are all in the Asteroid Belt. 

 

The Moon and Earth have the same origin, but it does not conform to the theory of the great 

impact between Earth and a planet the size of Mars that is called Theia. Three arguments are 

given against this impact: 

 

"(1) An intrinsically low dynamic probability, (2) a monumental (giant) impact, would 

significantly change Earth's geochemical footprint from what it is today, and (3) the mechanics 

of the collision would cause the Moon to be primarily derived from the mantle of the body that 

causes the impact (Theia), which is contrary to geochemical evidence suggesting that the proto-

moon material was derived from the Earth's mantle." 5 

The meaning of an "intrinsically low dynamic probability" is not clear; in astronomy we speak of 

collisions between bodies, from which we receive evidence, for example, when examining 
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comets. Remember that comet 67P/Churyumov-Gerasimenko consists of two lobes that had to 

have been connected due to a collision; in addition to the innumerable evidence of collisions 

that we have. That dynamic probability does exist, but not referred to a melting collision 

between a planet Theia and the protoplanet Earth. Geochemical composition would surely 

change after a giant impact, but we cannot determine it if we don't have Earth's geochemical 

footprint before the impact. If geochemical evidence suggests that the protomoon material is 

from the Earth's mantle, a different explanation may be offered, (it cannot be originated from 

the impactor’s mantle) hence, modifying the dynamics of the collision. It is one possible 

explanation offered by some researchers in the subject.  

  

"A reasonable alternative to giant impact theory is the impact-induced fission model in which 

case a small planetary body brushed the magma ocean of the Earth's mantle to form the Moon 

(Hartmann and Davis, 1975; Ringwood, 1989b). Or, a glancing planetary body would be able to 

give a similar effect to eject Earth’s mantle into orbit (Waenke and Dreibus,1988; O'Neill, 1991). 

Clearly the consistency of the oxygen isotopic composition does not satisfactorily support the 

giant impact hypothesis" 6. 

 

My proposal I conceive here, is also a negative response to the Grand Tack model, which in short 

suggests that all volatiles were transported by Jupiter and Saturn through the Asteroid Belt into 

the orbit of Mars. Jupiter and Saturn are separated by a distance of 4.36 A.U. between 5.2 A.U. 

and 9.56 A.U. The orbit of Mars is about 1.52 A.U. which involves a passage through the Asteroid 

Belt, dragging with it the bodies that make up this area of the Solar System. As we will see later, 

the calculations on the mass of water make this impossible, apart from that it is a model not 

very attractive since, to return these gaseous giant planets to their orbits, the appearance of a 

planet is postulated, which is at least the same size as the giant planets, which is called Black 

Sheep7 and which would have the function of dispersing the orbit of these two planets to 

restore them into their original orbits. The Black Sheep then disappears into the cosmos. The 

postulation of a mysterious planet like this creates other imbalance problems in the Solar 

System. It has all the characteristics of a miracle with scientific explanation. This model I propose 

can replace the Black Sheep hypothesis.  

 
III. The Creation of the Terrestrial Planets 

The creation of Terrestrial Planets, the gaseous planets and icy planets, with all their moons, the 

material of the Asteroid Belt, the material of the Kuiper Belt and the Oort Cloud, are definitively 

linked to the interstellar cloud material that revolved around the sun before and after the T-

Tauri phase of the Sun. Michael Woolfson explains that, the cloud evolved in such a way that a 

central body, the Sun, was formed slowly forming a flat disc. The question to be answered was 

related to the mechanism that created the terrestrial planets.  The first idea is that the giant 

planets were formed first and that smaller bodies were formed by their disturbance. According 

to Woolfson, this could not had happened in a hot cloud; but also, a cold cloud would have had 

serious problems. Woolfson explains, 

"... if the original nebula were cool and very massive, the density would be high enough to get 

spontaneous condensations of planetary mass but there would be so many of them, that the 
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problem of disposing most of them would be insoluble. It would require a tremendous input of 

energy from somewhere. On the other hand, if the total mass of the nebula were not much 

more than the combined present mass of the Sun and planets, the density would be too low to 

produce planets by spontaneous condensation." 8 

As a second option, Woolfson explains the theory of the formation of the planets according to 

the accepted model consistent with the condensation of planetary material, creating small 

bodies that were gradually assembled into larger bodies. In the mid-1980s, discs of 

interplanetary dust were found around young stars, and the credibility of the Solar Nebula 

Theory (SNT) was unexpectedly hit. 

The planets were formed according to the SNT in the following steps described by Woolfson: 

(1) “Solid grains in the nebula disk fall towards the mean plane of the disc to form a dust carpet. 

(2) The dust carpet is intrinsically unstable and breaks up into a set of solid condensations, 

called planetesimals… 

(3) Planetesimals collect to form larger solid bodies. In the inner regions of the Solar System, 

these directly form the terrestrial planets. In the outer part of the system, they become the 

solid cores of the major planets. 

(4) The major planets capture nebula gas that eventually forms the bulk of their mass”9. 

 

Especially the first point requires a more detailed explanation. Gravity acts spherically 

concentric, and the central cloud that would form the Sun took 99+% of the material 'around' it. 

At this first point a disc around the Sun will appear, on which the aforementioned "carpet" of 

solid grains is 'precipitated' on the plane. The truth is that you can apply this model; after all, 

that is what we see; it requires a central star that rotates, and the disc would not comprise more 

than 1% of the mass of the solar system in formation. 

As the central body (Sun) accreted more mass, the system's center of mass moved into the Sun, 

eventually locating the center of mass in the Sun itself. 

The dust of the discs around the young stars that were found in the 80s, were examined at the 

end of the century to discover that, the half-life of these discs surrounding the stars, ranged 

from 1 to 10 million years, where most fell at the lower end. This, Woolfson concludes, meant 

that the four steps of the formation of the planets should happen in a few million years. The 

problem was tried to be solved by imposing parametric constraints by increasing the diameter 

of dust particles from 1 micron to 5 microns. I am not going to go into detail here in relation to 

the possible solutions that can be studied in Woolfson10, but I want to emphasize that the 

gravitational action on the particles available on the disk of the Terrestrial Planets around 1.5 

A.U. would have disappeared into the Sun. 

"It has been shown that a growing terrestrial embryo would spiral in towards the Sun quite 

rapidly and would plunge into the Sun before it was fully formed. Not only migration does not 

solve the problem of locating the outer planets, it also prevents the formation of the terrestrial 

planets”.10 
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Jeans' theory of tidal forces for planet formation requires the presence of another star, whose 

gravity force extracts mass from the proto-sun created by the solar nebula collapsing into 

pieces, forming planets. Jeans theory is not a response to the formation of terrestrial planets. 

The simulation reported in Woolfson11, after parameterizing the star and protostar’s values, 

shows the protostar’s distortion by producing a filament of material extracted from the 

protostar due to tidal forces according to Jean, which collapses in the final formation of planets. 

With a star of a solar mass, and a protostar of a mass equivalent to 35% of the mass of the Sun, 

massive planets are created between 4.7 MJ and 20.5 MJ at distances between 1,247 A.U. and 

2,686 A.U. at 6,000-year intervals between 0 and 18,000 years. It is obviously apparent that, this 

simulation does not respond to the creation of terrestrial planets. 

It is reasonably to think that the formation of protoplanets around the Sun moving in a gas cloud 

would find enough resistance to fall into the sun in a spiral path. It is likely that the disc material 

around the sun was consumed by the sun, and that there was no material for the formation of 

terrestrial planets within the limit up to 1.5 A.U. of the sun. That presents the possibility for a 

new proposal. 

IV. A New Model 

As I mentioned above, a body possibly from the Kuiper Belt, approached at approximately 5.0 

A.U. at the outer edge of the Asteroid Belt. This body moves very likely over an ellipse of high 

eccentricity. This planetary body, which I want to call Borea as I indicated before, moves slowly 

in the AB. Its average speed in the AB could be around 100 km/a, allowing a time of around 168 

Ma to 200 Ma in the AB, that should be enough for the accretion of growing material to form in 

good approximation the mass of the actual terrestrial planets.  

Considering Ceres, a "dwarf" planet of the AB, that has a mass of order 1020 Kg (0.14% of the 

mass of the Moon) corresponding to approximately 1/3 of the total actual mass of the actual AB, 

it is not unreasonable to hypothesize a body, or a mass that was captured by the AB of the order 

of 1024Kg. Yes, a mass 10,000 times larger than Ceres, originated from the Kuiper Belt! As Borea 

moved slowly through the AB, accreted a mass, that would equal the mass of the order of the 

Terrestrial Solar System. A characteristic of Borea is that it was originally made up of an iron 

core and silicates, which during its long passage through the AB received more asteroids by 

accretion (whether you want to call it 'bombardment' or not, it is a matter of taste). Hence the 

Earth and the other bodies of the physical geometry of the planets in formation, accreted in 

oxidizing and reducing chondrites. The carbonaceous chondrites, which carry the water, are 

located on the outermost part of the AB, and the dried chondrites are more internal in the AB. 

Between 1.5 A.U. and 5 A.U. we can define zones in the AB to classify asteroids by water 

content: at 5 A.U. and more, asteroids have water up to 20% of their mass; the limited in water 

content are around 2.7 A.U.; the asteroids up to 2.0 A.U. are completely dry17. In my model, the 

carbonaceous chondrites were accreted first, and the dried chondrite were accreted later, as 

Borea reached the inner section of the AB. The limits of the overlapping mixing in the AB, are 

not defined with certainty. This allows Borea to grow with both materials at the same time, 

allowing the dried chondrites to sink to the 'center' contributing with the formation and final 

establishment of the outer nucleus, while the carbonaceous chondrites deposit on top both, the 

solid and volatile material, allowing for the formation of the mantle. Asteroids have higher-than-
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ice/water densities, allowing volatiles to mix and emerge above the core of the constituent 

bodies of Borea. Borea is a hypothetical body that was formed 4.56 Ga ago, and grew going 

through the AB, incorporating material as it collided with other asteroids in a dense AB. In this 

model, most of the solid reduced material, was already in Borea at the moment it was captured, 

and incorporated into the AB, passing through the AB, it grew more accreting material of 

asteroids with their respective compositions of chondrites. The time 180+ Ma is not completely 

arbitrary, but is in context with the time suggested after the creation of the Solar System, for the 

events of the late bombardment and the subsequent Advent of Biological Elements (ABEL). I 

think, considering my assumptions, that 100-200 Ma sound reasonable and probably enough 

(saving for evolution about 160 Ma to 260 Ma) for Borea finally leaving the AB endowed with all 

the amount of water and volatiles in it, explaining the presence of water on the terrestrial 

planets. It is possible that under the classic conditions, based on the pre-existence of the 

terrestrial planets, 360 Ma would have been needed to bombard the terrestrial planets with the 

material needed for their growth and acquisition of volatile, but not necessarily if the bodies of 

three-planets in formation, was transiting through the AB that, after all, was the origin for the 

planets’ growing material.  

After 100-200 Ma, Borea leaves AB approximately at a speed of 29 km/s, with the current mass 

distributed among the three bodies representing the planets Mercury, Venus and Earth 

including the material of the Moon. The Moon could have been "attached" to the earth's 

surface, that was separated by the subsequent collision with a large asteroid, which is not of the 

same nature as Theia's collision with Earth, but as I propose, it was the same planet that would 

end up being what is today, Mars. Mars was therefore a spherical member of the AB about 1000 

times more massive than Ceres. After a very subtle collision, slantingly separated the material 

from the earth's crust and upper mantle to form the Moon. Once Borea leaves the AB in the 

direction of the Sun it receives the impact of the planetary body Mars, thus separating the 

bodies of Borea that followed accordingly to each, their elliptical trajectory of the corresponding 

focal distances. 

It is understood, that  the slantingly interaction of Mars  with the Earth (tied to Borea),  does not 

change Mars rotation (counterclockwise seen from above  the plane of the orbit), and that when 

the lobe of the 'Earth' portion that also rotates counterclockwise in the same direction of the 

orbit around the Sun, is detached, it transmits an opposite torque to the adjoining body 

representing Venus, thus creating, thanks to the Borea collision with Mars, the  retrograde 

rotation it currently shows. As a result, the third body representing Mercury (6% of the Earth's 

mass), would rotate counterclockwise as seen today. At the time of the collision between Borea 

and Mars, the latter continues on its trajectory at a distance of circa 1.5 A.U. switching to an 

elliptical trajectory in accordance with Kepler's laws. Each planet is subject to the same action of 

the Sun's gravity, which transfers them to their elliptical orbits in which they are today, 

according to Kepler’s laws. As a body of the Asteroid Belt, Mars capture in orbits, the two known 

satellites, Phobos and Deimos, also members of the original AB.     

In Annex C, I make some mechanical considerations of the separated bodies.  The hypothetical 

migration of the giant planets (Grand Tack), which would present serious problems to stop the 

action of the Sun's gravity over the giant planets, and to return them to their current orbits, 
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becomes unnecessary in this new model, saving the explanation to make the Black Sheep, 

disappear. 

Recalling the classic model, simulations are not good news to explain the small mass of the 

planet Mars, at the inner edge of the AB. In the work of David P. O'Brien et.al. published in 

Icarus I quote: 

"A significant problem with terrestrial planet formation in the above scenario is that planets 

forming around the region of Mars (~1.5 AU) in the simulations are typically 5-10 times more 

massive than Mars (see e.g., Wetherill, 1991; Chambers, 2001; Raymond et al., 2004; Raymond 

et al., 2006; O'Brien et al. 2006; Raymond et al. 2009; Morishima et al. 2010). The exploration of 

a wide range of parameter space by Raymond et al. (2009) and Morishima et al. (2010) 

highlighted the difficulty of the problem, finding that only cases with extreme and improbable 

orbits for the giant planets were able to consistently produce small Mars analogs”13. 

An asteroid like Mars that is located inside (~2.0 AU) the AB, exits it at a speed of 28.3 km/s. 

(Table 1 Annex C) es comparable to the departure speed from the Asteroid Belt, calculated as 29 

km/s (see ANNEX B) 

 

V. Conclusion 

There was not after the formation of the central star (the Sun) enough mass around the disc for 

the terrestrial planets to form. 

Giant gaseous planets and the ice planets had already formed or were advanced in the process 

of being formed at the localities they are today. 

In this model, the migration of the giant planets (Grand Tack) that supposedly traverse the 

Asteroid Belt (AB) to disperse asteroids from it to the region of the terrestrial planets, becomes 

irrelevant and does not require an explanation to make the Black Sheep disappear. The 

acquisition of more material, including water (volatiles), by means of on-site bombardments, 

induced by the Grand Tack hypothesis, can be explained more easily with the passage of Borea 

through the Asteroid Belt. 

Considering that the constituent material of the terrestrial planets has its origin in the AB, it is 

easier to explain its formation with a three-part body crossing, in a slow path through the AB, 

until it emerges following an elliptical trajectory, as consequence of the central force. The 

component bodies are released (separated), thanks to the interaction with Mars (an asteroid 

with approximately its current mass). 

This model explains the acquisition of water as the AB material was accumulating by accretion 

on this three-part body (to identify the three most interior terrestrial planets accreted by 

Borea), which explains the correlation of the D/H ratio of the hydrogen isotope of water on 

Earth and AB meteorites. According to Maruyama and Ebisuzaki14, water derived from the 

oceans, lakes, in the crust and mantle, have a deuterium/hydrogen ratio of (149 ±

3)𝑥 10−6(Lécuyer at al., 1998). An analysis of carbonaceous chondrites yields a D/H value 

between  130𝑥10−6 𝑦 150𝑥10−6, showing a hydrogen-like value in Earth's water. Comets do 
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not qualify as water originators on Earth, as they show a D/H of 300𝑥10−6 according to 

Eberhardt et al., 1995 15a. The correlation between the D/H ratio of hydrogen between water on 

Earth and carbonaceous chondrites asteroids is compelling, but the way Earth and other 

terrestrial planets acquired water from asteroids is not necessarily caused by late bombardment 

or ABEL in the form of in situ as being described, facilitated by giant planet migration, but by 

direct accretion of the Carbonaceous Chondrites from and in the Asteroid Belt, in addition to the 

water Borea carried from the icy areas of the Kuiper Belt. The water from the Kuiper Belt is not 

water from comets, as would also be indicated according to the Tisserand criterion. (See ANNEX 

B p.12 The alternative I present here is possible for water acquisition, bypassing the Grand Tack. 

Borea is not a comet, and is not a body of the Asteroid Belt, though incorporated (perhaps) into 

it.  
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ANNEX A 
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Fig. 1 

 

Borea enters the Asteroid Belt at B, and emerges from it at V, separating into its planetary components, 

following for its individual ellipses. 

Borea crosses a path that would take it through each of the gaps in the AB on a spiral defined for a gap 

described according to the Kirkwood gaps. Borea will spiral around one gap completely, before taking 

the next gap. The evidence of the depletion of the gaps after accretion of Borea I believe, is reflected in 

the Kirkwood gaps.  Once Borea enters the AB, encounters a rich asteroid environment that is crossed 

by a spiral path, as a composition of spiral segments that are defined by the gaps left as seen in the 

Kirkwood Gaps.  

It is being theorized that the Asteroid Belt was the result of material that could not collapsed as a fifth 

terrestrial planet because of the gravitational action of Jupiter. If Borea would have approached the AB 

at a point when Jupiter would be at 5 to 10 AU from the entry point, Borea would have been safe from 

Jupiter’s tide forces.  

The gaps Intervals happen at (4 - 5), (3.3 – 4), (2.9 – 3.3), (2.5 – 2.9), (2.05 – 2.5), and (1.5 – 2.05) A.U. 

from the Sun. Borea crosses each gap in a spiral trajectory, that can be modeled in the form of 𝑟 = 𝑎 −

𝑏
𝜃

2𝜋
, where 𝑎 is the distance of the beginning of the gap and 𝑏 is the difference of the gap interval. 

These spirals in polar coordinates, can be computer simulated to connect each gap to the next in a 

continuous way to cover the total Asteroid Belt. The distance traveled by Borea in each gap would be 

B 

Borea 

100 U.A. 

<(𝑟2; 𝐹𝐶⃗⃗⃗⃗⃗⃗ ) = 65𝑜
 

F c 

𝑟1=1.5 AU 

𝑟2=5 AU 
a=50 AU b=12.2 AU Asteroid Belt 

48.5 AU 

V 
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27.99 AU, 23.14 AU, 19.33 AU, 16.63 AU, 13.94 AU, 11.16 AU, to a total distance of 112.19 AU. During 

this crossing, the late bombardment and the ABEL bombardment was happening, and not after the 

Earth and the terrestrial planets were formed. I must assume that after the emergence of Borea from 

the AB, further bombardments from asteroids over their surfaces still happened.     

Borea enters the area of the terrestrial planets, exiting the AB at an angle Ω = 86.70., that is, the angle 

formed by the tangent at the point of entry and the polar radius at 1.5 A.U. Using the last polar equation 

for 𝑎 = 2.05  and 𝑏 = 0.55; 𝑟 = 2.05 − 0.55
𝜃

2𝜋
.  

At the instant of Borea’s entry into de 1.5 A.U. radio area of the Terrestrial Planets, there is the collision 

with Mars and the Earth’s part of Borea (an asteroid that lurked in the AB at 1.5 A.U. to 2.0 A.U.). It is 

not out of possible, thinking that Mars as a major Asteroid that accreted mass from this distance 

interval, to substitute for the Theia hypothesis. Colliding with Borea’s part of Earth, in a quasi-tangential 

light fusion, that accomplished for the separation of the other bodies (Mercury and Venus), and explain 

the origin of water on Mars, and Mars’ geological dichotomy (Mars is rocky and geologically more 

accentuated in the southern hemisphere, compared with the northern flat with few craters. This 

phenomenon could be explained with a tangential collision.      
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ANNEX B 

Tisserand’s criterion helps us identify a particular comet. The comet's trajectory disturbance, due to 

Jupiter's influence, makes the elements, that identify the comet, change considerably upon return, in 

such a way that it makes it impossible to identify it.  That means, that when changing the identification 

parameters of the comet, we could not say for sure whether it is a comet seen previously or it is a new 

one. But the comet parameters are associated with an expression that remains constant, defined as the 

Tisserand Criterion. 

1

𝑎
+ 2√𝑎(1 − 𝑒2) cos 𝑖 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 21 

𝑎: semimajor axis of the comet 

𝑒: eccentricity of the comet's orbit 

𝑖: tilt angle of the comet's orbit 

For the same comet, even if the parameters change due to the disturbance created by Jupiter, this 

criterion remains constant. For asteroids the Tisserand (T) criterion, for Jupiter’s disturbances is greater 

than 3, (T>3); for comets in the Jupiter family, this value is in the range 2<T<3. 

However, I found in the Internet a formula for the Tisserand criterion, which includes the semimajor axis 

of the planet 𝑎𝑝 responsible for the disturbance as 

𝑎𝑝

𝑎
+ 2√

𝑎

𝑎𝑝
(1 − 𝑒2) cos 𝑖 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 22 

Using this form for Tisserand’s criterion applied to Borea, a value of 𝑇𝑗 = 1.61 is found. This value 

means, that Borea is not a comet and does not meet the criterion for an asteroid. 

I have made several approaches of Borea towards the asteroid belt and its passage through it, on 

parabolic, spiral and elliptical trajectories. If Borea is a body that belongs to the Solar System, having 

being formed in it, the ellipse fits for this hypothesis, as a body from, perhaps, the Kuiper Belt. This body 

brought with it a lot of ice/water, and increased in size in the Asteroid Belt. Borea generated the 

terrestrial planets after its collision with Theia (if you still want to call it that way) but which identifies 

with the planet Mars, allowing for the separation of its three bodies. Mars possible, was a major 

asteroid that explains the gap between 1.5 AU and 2.0 AU.  

The Borea hypothesis makes irrelevant the migration of the giant planets (Jupiter and Saturn) to justify 

the late veneer and the ABEL bombardment, and then later to bring up a giant planet like the "Black 

Sheep", which mysteriously disappears. 
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ANNEX C 

 

Fig.2 The Illustration shows planet Mars (M) that after colliding with the triple body of Borea as it leaves 

the Asteroid Belt separates the bodies and, attracted by a central force, each find their elliptical orbit 

around the sun. Ellipses have very low eccentricities, so it is no surprise that all the planets in the Solar 

System have an orbit that can be considered circular (which justifies the drawing). In the center in this 

illustration is the Sun, and the planets in order of Mercury, Venus, Earth and Mars.  

Mars was then, according to this model, a large body belonging to the Asteroid Belt. The mass of Mars is 

only 11% of the mass of the Earth. Mars has a mass 1000 times larger than that of Ceres, the largest 

asteroid in the current Belt. 

By applying the Principle of Conservation of Energy, we can calculate the speed of the triple planet 

Borea when exiting the Asteroid Belt in the position 𝑟1,   

1

2
𝑚𝑣1

2 −
𝐺𝑀Ꙩ𝑚

𝑟1
=

1

2
𝑚𝑣2 −

𝐺𝑀Ꙩ𝑚

𝑟2
 and assuming that speed  𝑣2  is the speed Borea has as it enters the AB 

coming from as far as the ellipse characterizing Borea, that is, at about 97.56 A.U. assigned for 𝑟2 in the 

equation. 𝑣2 ≈ 18.3 𝐾𝑚/𝑠. According to Table 1, Borea leaves the AB at approximately 1.5 A.U. at a 

speed of 27.2 Km/s using the same equation for the gaps examined.  
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(𝑚 is the mass of Borea which is removed from the equation), forming an approximate angle of 86.70 

with the tangent and 𝑟. 

Since the formula 𝑣 = √
𝐺𝑀

𝑟
 for speed, is independent of the body’s mass, Mars should emerge from AB 

at the speed (≥24.2 
𝑘𝑚

𝑠
), but a time interval later than Borea. What could have happened is, that Borea 

was ahead of the trajectory staying at a distance of approximately 1.5 A.U. colliding with Mars. After the 

collision with Borea, Mars gained a speed in about 2 km/s to the perigee. A collision with Mars was 

enough to separate the component bodies of Borea, to become the three remaining planets, including 

Earth. During the "detachment" of the bodies, the Earth that rotated counterclockwise, produced a 

torque to make Venus rotate in a retrograde motion. It is also possible to think that Mars exited de 

Asteroid Belt with a speed larger than that of Borea due to an impulse received by another AB body. 

Then we cannot make the speed of Mars zero at 1.5 A.U. as it leaves de Asteroid Belt.  

Mars was then, according to this model, a large body belonging to the Asteroid Belt, it was in other 

words, an asteroid. The mass of Mars is only 11% of the mass of the Earth. Mars has a mass 1000 times 

larger than that of Ceres, the largest asteroid in the current Belt. 

When Borea emerges from the AB, after spiraling into the area of the Terrestrial zone, its speed is 

27.2 
𝑘𝑚

𝑠
  or more according to the calculations recorded in Table 1 below, forming an angle of 86.7𝑜 

between the tangent and the polar radius at about 1.5 A.U.  

Each of the speeds at the end of each spiral can be calculated using 𝑣𝑓
2 = 𝑣𝑖

2 − 2𝐺𝑀[
1

𝑟𝑖
−

1

𝑟𝑓
] just 

following the Principle of Conservation of Mechanical Energy. There is some energy transferred in form 

of heath during the inelastic collisions. 

𝑣𝑖 is the initial speed of Borea as it emerges from the previous gap, and 𝑣𝑓 is the speed Borea will have 

at the end of that gap, which then will be the initial speed for the next gap in succession around the 

spiral. 𝑟1 𝑎𝑛𝑑 𝑟2  are the distances in A.U. from the entrance of Borea to the emergence respectively, in 

its path around se respective spirals for the respective gaps.  

To illustrate the calculations, I will show below two of them for the first two gaps.  

   

𝑣𝑓
2 = (18.3𝑥103

𝑚

𝑠
)2 − 2.65𝑥1020 [

1

5
−

1

4
] /(1.5𝑥1011

𝑚

𝐴. 𝑈
) 

𝑣𝑓 = 20.57 𝑘𝑚/𝑠 

 

This is Borea’s speed emerging from the first gap, that is used for the initial speed for the second gap. 

This speed is the initial for the next gap, from 4 A.U. to 3.3 A.U.  

𝑣𝑓
2 = (20.57 km/s)2 – 2.65x1020 [1/4 – 1/3.3}/ (1.5x1011) = 5.168x108 m2/s2 

𝑣𝑓 = 22.7 km/s 
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This is the speed as Borea emerges from the second gap to enter into the third one.  

The table below will offer the information for the speeds and distances traveled in the gaps. There are 

seven gaps Borea will travel. Each gap has its own spiral.  

Table 1 

Gap No. Distance from Sun 
In A.U. 

Entry Speed 
(Into the gaps) 

In km/s 

Distance traveled by 
Borea in each gap in 

A.U. 

1 5 18.3  

2 4 20.6 27.99 

3 3.3 22.7 23.14 

4 2.9 24.3 19.33 

5 2.5 26.2 16.63 

6 2.05 29 13.94 

7 1.5 34 
(Emerges the AB) 

11.16 

 

Note that the speeds, as Borea passes from one gap to the next, is increasing. This is to be expected, 

considering that the gravitational attraction increases, and the path gets shorter. The closer Borea 

spirals towards the Sun, the speed is increasing and each gap is shorter, for a total distance of 112.2 A.U.  
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ANNEX D 

The following table shows the speeds of the planets 𝑣𝑝 at the perihelion (current), 𝑣𝐴 at the aphelio, the 

average speed �̅� around the orbit (current) and instantaneous velocity 𝑣𝑥  after the collision.  

TABLE 2 

Planet 𝒗𝑷(km/s) current 𝒗𝑨(km/s) current �̅� (km/s) current 𝒗𝒙 (km/s) 

Mercury 58.5 38 47.9 64.9 

Venus 35.2 34.4 35.0 35.6 

Earth 29.9 29 29.8 30.9 

Mars 26.4 21.9 24.1 28.3 

 

Since the collision with Mars is an event happening at about 1.5 A.U., the speeds at the moment of 

collision should be approximately the speed at aphelio.  

The difference between Mercury's average speed and that at perihelion and the speed immediately 

after the collision, is because this planet has the highest eccentricity of all (including that of the giant 

planets, only compared to Pluto's). Mercury, being the less massive planet receives the transfer of a 

greater momentum during the collision. It should also be noted that the speeds of Venus and Earth 

remain the same respectively in the three columns, and that there is a noticeable difference in speeds 

for Mars and Mercury, especially after the collision. This is a possible indication that Mars and Earth 

interacted in a slight collision, which explains the origin of the Moon's material and supports the 

hypothesis that “Theia" might be identified with Mars; it also would explain the small mass of Mars. 

As previously calculated (Annex A), Borea toured about 112 A.U. within the Asteroid Belt. The question 

that arises is: what was the average Speed of Borea in the AB? That average speed determines the 

amount of bombardment (accretion) received, and will depend on the density of the AB, and some form 

of coefficient of resistance to Borea along the path. If we accept the late veneer and the bombardment 

of ABEL, then they had to have taken place inside the AB, where Borea increased in size and became 

more massive, as it migrated through it. It is very likely that Borea entered the Asteroid Belt with a good 

amount of water and volatiles, and that in the AB it had acquired more water-rich asteroids, and lost 

water that got distributed among the asteroids due to the collisions. Upon entering the AB, Borea had a 

“slow” movement that was increasing in speed (the speed is differential) as it approached the exit limit 

of the AB. The model that the cores of terrestrial planets received water from bombardments from the 

Asteroid Belt does not contradict the origin of the water and material with which the terrestrial planets 

grew, only makes water already available in the planets when they emerged at the orbital plane of the 

inner planets they occupy today. The migration of the giant planets to justify the release of material into 

the area of the terrestrial planets, becomes irrelevant in this model due to its complexity and the 

unattractiveness to justify its later return to the orbits they occupy today. A computer program model, 

could examine the speed (and time) of Borea in the AB, and to examine the frictional forces in it, that 

requires hydrodynamic models that are best suited for this test. If, according to the previous quotation 

the late bombardment and the ABEL occurrence took place in a range of 190 Ma and 170 Ma 

respectively, that is, in a sequence of 360 Ma, (these figures are estimated), after the formation of the 

terrestrial nuclei, I want to propose that, for Borea to cross the AB had to have passed an approximate 
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time of 100-200 Ma, which would represent a speed in the range of 84 km/a – 168 km/a.  A very low 

speed for our perceptions, but higher than if we consider a passing time of 360 Ma.  

As Borea left the AB and settled in its components in the current orbits, after the collision with the 

asteroid "Mars", Earth was prepared for the process of evolution. With my model, evolution is adding 

between 160-260 Ma to the process of evolution.  

The proposal does not exclude that Borea has brought to the scene, before entering the AB, the 

inclusions of Ca and Al (CAI) in the dry core(s). Undoubtedly, the ABEL bombardment event is the most 

significant to justify the presence of biological elements, but this took place within the Asteroid Belt and 

not by a subsequent bombardment from the AB. I believe that the history of Earth (and the other 

terrestrial planets) is intimately linked to the Asteroid Belt, as Borea passed through it. Consequently, 

the AB had that mixture of reductive and oxidizing material, which was delivered during ABEL16.  Mars 

(Theia's replacement), may have been at a distance of 2 A.U. in the Asteroid Belt, in the "dry" zone; 

probably for that reason Mars did not have the CHON elements before the collision, but could have 

gotten some after the collision. Further discovery research on the water in Mars, could answer these 

questions for sure.  Due to the tangential collision with Borea, Mars would have received the water and 

oxygen that is detected today. If, on the other hand, Mars evolved alongside all the terrestrial planets as 

in the classic model, there is no reason to think why it was not targeted to receive the CHON elements 

equally, albeit in a different proportion. The carbonaceous chondrite asteroids that carried them must 

have implanted these materials throughout the Terrestrial system. We know that there is water on 

Mars, there is oxygen and other elements, that Mars may have taken from Earth after its collision with 

it; and if elements needed for life are found, they were possibly in the water/ice that Mars received 

during the collision. We may find the elements of life in the water of Mars deeper in the ground, but on 

this issue, we can only speculate until on a mission in the future to this planet, we will be able to explore 

it. Nor does this mean that life must had developed on Mars as it was done on Earth, since the 

temperature, and atmospheric conditions are different. But if there are CHON elements on Mars, I 

would have no doubt that the collision with the Earth-part of Borea took place. I'm sure a future mission 

to Mars will bring us clearer news about it. 
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ANNEX E 

Since Borea exits the AB toward the Terrestrial Zone at an angle of Ω= 87𝑜 then also all parts of Borea 

will enter at the same speed, at 34 
𝑘𝑚

𝑠
, (see Table 1). Only after the collision, each planet will have a 

different speed that can be calculated using the value of the current speed at the perigee, applying the 

formula for the Principle of Energy Conservation 

𝑣𝑥
2 = 𝑣𝑝

2 + 𝐺𝑚Ꙩ(𝑟𝑝
−2 − 𝑟𝑎

−1) 

TABLE 3 

Planet 𝒆 a (m) 𝒓𝒑 (m) 𝒓𝒂 (m) 𝒗𝒑 (km/s) 𝒗𝒙 (km/s) 

Mercury 0.206 7.37𝑥1010 5.87𝑥1010 8.89 𝑥1010 58.7 64.9 

Venus 0.007 1.09 𝑥1011 1.08 𝑥1011 1.10 𝑥1011 35.3 35.6 

Earth 0.017 1.53 𝑥1011 1.5 𝑥1011 1.56 𝑥1011 30.3 30.9 

Mars 0.093 2.51 𝑥1011 2.28 𝑥1011 2.74 𝑥1011 26.5 28.3 

e: eccentricity; a: semi-major axis; r: distances to perihelion and aphelio. 

𝑟𝑎 = 𝑎 + 𝑎𝑒;  𝑟𝑝 = 𝑎 − 𝑎𝑒.   

Applying the Principle of Conservation of Angular Moment; �⃗⃗� = 𝑟𝑥𝑝 ;  𝑝 = 𝑚�⃗� we can calculate the 

current speeds of the planets in the aphelio, indicated in the following Table 

TABLE 4 

Planet 
𝒗𝒙 (

𝒌𝒎

𝒔
) 

𝒗𝒑 (km/s) 
𝒗𝒂  (

𝒌𝒎

𝒔
) 

Mercury 64.9 58.7 38.6 

Venus 35.6 35.3 34.7 

Earth 30.9 30.3 29.1 

Mars 28.3 26.5 22.1 

 

Table 4, compares better the actual speeds in the perihelium of the planets, with the speeds of the 

planets after the collision, that separated Borea. Mercury being the smallest planet (less mass) got not 

surprisingly, a higher speed after the collision, but settled in its orbit loosing about 6 km/s, maybe due to 

collisions with minor asteroids that follow the Borea leaving the AB.  

Maruyama and Ebisuzaki, who reject the idea of Theia's great impact, support a slanting impact, which 

they call "impact-induced fission”15b Mars, coming from the Asteroid Belt can explain the cause of its 

small mass, since with the model of the migration of Borea through the AB, and the acquisition of its 

mass by that means, it does not require that Mars have to be more massive than it is today, thus 

clearing the question for its small mass. In addition, a minor bombardment from the AB after Borea left 

the AB may have happened, and that was enough to leave its footprints on the lunar craters and other 

bodies of the Solar System. Especially residual impacts from the Earth-Mars collision, which detached 

the lunar mass from the Earth, may have contributed to the bombardment following the creation of the 

Moon, which thus left the craters on it. Since Earth already brought water, it is reasonable to think that 

the water on the Moon was transferred from Earth, and the same can be said of Mars, since this planet 
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came from the "dry" zone of the Asteroid Belt. A shower of small asteroids could have followed Mars, 

which left their footprints on Mars and possibly on the Moon. 

Mercury's case would be interesting to consider in more detail. This relatively small body received a 

boost that led it to gain a speed of 65 km/s after the collision that separated it from Borea, meaning 

that, it was subjected to a negative acceleration due to some force that worked against its orbital 

movement. As in this model we cannot talk about material (dust) around the sun that could create 

friction to the planets, Mercury must have experienced a retarding force due to the gravity of Venus 

and/or Earth. That gravitational interaction drove this planet away from the Sun, stabilizing its speed at 

the average speed of 47.9 km/s. The lower orbit increased by 83% to stabilize in the current orbit. 
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ANNEX D 

As mentioned before Borea exits the AB with an angle of Ω=86.7𝑜 but later each planet, separated 

individually with another angle after the collision. Recap: since Borea’s entry angle at 1.5 A.U. for the 

spiral is Ω, all the terrestrial planets will enter the terrestrial zone at the same angle, including Mars, 

since it is assumed that the collision is a tangential one with Borea. The final individual speeds are 

different for each planet since each will absorbed a momentum according to their mass. Since the 

horizontal speed of the individual components of Borea is negligible (~1.4 km/s) the radial speed 

dominates at 24.2 km/s. Hence, the terrestrial planets will have a speed of 24.2 km/s just 

before the collision with Mars.  

Fig. 2 in ANNEX C, illustrates the separate entrance of each planet around the sun.  
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ANNEX E 

MASS BALANCE 

The total mass currently contained in AB represents 4% of the moon's mass. The Moon's mass is 1% of 

the Earth's mass. That would compute to a total mass for the AB of approximately 2.4𝑥1021𝑘𝑔. 

The collisions between asteroids, considering that there is a velocity gradient growing from 5 A.U. to 

1.5-2.0 A.U., could be made without being so violent, especially considering the already large mass that 

Borea had when entering AB and the relatively low speed of asteroids on the outside of the AB. Possibly 

the higher accreted mass of Borea was at the beginning of its trajectory through the AB. As it encounters 

asteroids in its path that collided more violently with Borea, these could have cemented on it. If the AB 

lost as a result of the accretion and dispersion of the asteroids, 99.9% of its original mass, then its 

original mass must have been about 1000 times more than it has today. 

𝑚𝑜 −. 999𝑚𝑜 = 2.4𝑥1021𝑘𝑔, which gives the AB an original mass of 𝑚𝑜 = 2.4𝑥1024 𝑘𝑔. 

This means that the current mass in the AB is just 0.1% of the original mass. The mass of Borea must 

have been of the order of the Earth's mass.  

The difference between the original mass and the current mass of AB is 2.4 𝑥 1024 𝑘𝑔 −

2.4 𝑥 1021 𝑘𝑔 = 𝟐. 𝟑𝟗𝟖 𝒙 𝟏𝟎𝟐𝟒 𝒌𝒈; this is the mass Borea accreted. 

Borea came out of AB with the current mass of Mercury, Venus, Earth and the Moon all together, 

totaling  (0.06 + 0.82 + 1.00)𝑥 5.97 𝑥 1024 𝑘𝑔 + 7.349 𝑥 1022𝑘𝑔18 = 1.130. 𝒙 𝟏𝟎𝟐𝟓 𝒌𝒈 . This is the 

final mass of Borea after exiting the Asteroid Belt. This mass does not include the mass of Mars, which 

collided with Borea after leaving the AB. If we subtract from this amount the mass that Borea received 

from the AB we obtain the original mass of Borea that it had before entering the Asteroid Belt. 

Original Mass of Borea (before the accruement) is   

𝟏. 𝟏𝟑𝟎 𝒙 𝟏𝟎𝟐𝟓𝒌𝒈 − 𝟐. 𝟑𝟗𝟖 𝒙 𝟏𝟎𝟐𝟒𝒌𝒈 = 𝟖. 𝟖𝟗𝟗 𝟏𝟎𝟐𝟒 𝒌𝒈.  

Borea accreted 78% of its mass from the AB. It should be noted that it was a planetary body of a mass 

1.5 times that of Earth. Carbonaceous chondrite asteroids were the first to be received by Borea, thus 

adding to the water it already had brought from the outside the AB. 

The question is demanded then, how much mass of carbonaceous chondrites with water had to receive 

Borea to obtain the water that was to constitute the water on Earth? How much mass did the planetary 

body received from non-carbonaceous chondrites? 

The body of water constitutes as a maximum of 0.2% of the terrestrial mass, hence, the mass of water 

on Earth is from 1.194 𝑥 1022 𝑘𝑔 (only on Earth without the water that the other planets received and 

not counting the water that Mars received from Earth due to the collision with it!). For Lécuyer (1998) 

the estimated total mass of water contained in the crust, oceans, and atmosphere is 2.8 x 

10−4𝑀𝐸𝑎𝑟𝑡ℎ ~ 1.67𝑥1021𝐾𝑔 ; the primitive mantle could have potentially contained even more, as 

much as (10-50) Earth oceans20. The mass of carbonaceous chondrites (CC) that brought water to Earth, 

by the process of accretion, is 𝑚𝑐𝑐 = (
100

15
) (1.194 𝑥 1022 𝑘𝑔) = 7.96 1022 𝑘𝑔 19. 
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The mass of EH-type chondrites, among others, would be the difference between the total mass 

transferred to Borea, and the mass of CC,  

𝑚𝐸𝐻 = 2.398 𝑥 1024 𝑘𝑔 − 7.96 𝑥 1022 𝑘𝑔 = 2.318 𝑥 1024 𝑘𝑔.  

The total mass of the Terrestrial Solar System including the Moon is 𝟏. 𝟏𝟗𝟓 𝒙 𝟏𝟎𝟐𝟓𝒌𝒈.  

The mass of the asteroids of carbonaceous chondrites is in this calculation 1.33% of the Earth's mass. 

The calculations published as reasonable, without indicating the process of accretion, is for 

carbonaceous chondrites 2%, of enstatites 91% and ordinary chondrites 7%20. 
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VI. Other considerations 

 

The following considerations are intended to comment on the research article Origin of the 

Earth: A proposal of new model called ABEL. Shigenori Maruyama and Toshikazu Ebisuzaki.  

Published in Geoscience Frontiers 8 (2017) 253-274, China University of Geosciences (Beijing). 

My comments are italicized. 

The planets Venus and Mars began with a water level comparable to that of Earth. The Moon 

believed to have been born completely dry, seems to have a good amount of water, perhaps 

1/10 of the Earth's water content. From an isotopic point of view, (according to the rations of 

D/H and 𝑁/14 𝑁15 ), Earth and Mars are very similar to water-rich asteroids, but different from 

comets; comets are probably a composition of dry bodies and about 2% carbonaceous 

chondrites. There is a xenon isotope footprint in the Earth's atmosphere compared to the 

content on asteroids and comets. It is concluded that 20% of atmospheric Xenon is of cometary 

origin.  

It is possible that Borea has emerged from the Kuiper Belt from which some comets are 

originated, and then gravitationally dragged towards the AB and embarked on its journey 

through it. 

During the ocean magma phase, a planet can store a good amount of water delivered by water-

rich planetsimals. The segregation of silicate and metal in the ocean magma, which leads to the 

formation of the nucleus, distributes (partitions) the water between the mantle and the nucleus. 

Titan et al., describes losses in the atmosphere due to solar radiation, especially molecular H, 

this being important process for water. In fact, if the water is dissociated, the H leak is fatal for 

the final water content in the atmosphere. This is probably what happened to Venus. Impacts 

can also remove the atmosphere: giant impacts are less effective at removing an atmosphere 

than a large number of impacts produced by small planetesimals for the same impacting mass. 

Rich planets (very rich) in water are not suitable for the development of life. The reason is that a 

very large amount of surface water would inevitably create a high-pressure ice sheet, separating 

water from the rock of the mantle, thus preventing the interaction of liquid water with the rock 

and minerals that are essential for the development of life. It is said that all the evidence 

indicates that the proto-planetary disc was hot inside while it was cold on the outside. 

It is concluded that the water could not be maintained and it follows that for that reason the first 

bodies inside were dry (that if they were there). I don't think there were any bodies, precisely 

because the disk was very hot. In addition, the gravitational action of the solar cloud stripped the 

sun's neighborhood of material. With the removal of the material from the inner disc (to hot and 

the gravity of the sun), the disc cools (like a gas that expands-there is no matter to retain heat 

and to establish energy transfer). 

Not all carbonaceous chondrites are rich in water, something not understood yet. The D/H ratio 

of Earth's water is equal to the average value in the chondrites, confirming that water-rich 

asteroids are the most likely source. 

The water that was accreted by Earth is precisely from the asteroids it encountered as it passed 

through the Asteroid Belt. 
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There are still ice-rich asteroids in AB.  Ceres is one of them. The so-called comets of the main 

belt, are other objects that may be ice rich. The D/H values of these bodies are unknown. If 

measures in Ceres are not possible in the future, it is more favourable to find these values for 

comets in the main belt since these objects emit gases near the perihelion; NASA and ESA have 

already received proposals to examine these bodies with respect to their isotopes to classify 

them, as ESA/Rosetta did when examining comet 67P. All terrestrial planets (not just Earth) have 

been affected by the bombardment of water-rich asteroids during their growth. According to 

Morbidelli et al. (2018) Earth accreted only 7𝑥10−6 from its mass from the comets. This is 

remarkably in accordance with the abundance of Argon (Marty et al. 2016) and Xenon (Marty et 

al. 2017) in the Earth's atmosphere and the concentration of those gases measured in comet 

67P by ESA/Rosetta (Alexander et al.) This small amount of comet’s material would have 

brought less than 1% of the water to Earth, which is a negligible amount. 

The model presented by me in this document does not exclude a subsequent physical interaction 

of bodies of the solar system with the terrestrial planets, such as comets in the planetary plane, 

of high eccentricity, but which did not contribute substantially with the water budget. The D/H 

ratio of comets is approximately 370 x 10−6 while the D/H ratio of the oceans is 153 x 10−6 

which is best correlated with the carbonaceous chondrites of (130 – 180) x 10−6 .Of course 

correlation does not imply causation, but my proposed model explains this correlation. Since 

Borea is a body originated in the Solar System, it is reasonable to think that its core components 

and other agrowth material are similar to those found in the Asteroid Belt. 
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