A Consideration that the Fireballs Associated with
the Perseids Meteor Shower are an Indication of a

Previous Low Angle Skip Impact
by Comet 109P/Swift—Tuttle.
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' 'The Perseids Meteor Shower is recognized as.
belng the result of Earth passing through the
debrls trall of Comet SW|ft-TuttIe

NASA image of comet Swift-Tuttle; 1992 °



Debris trails related to comets are formed by
outgassmg and shedding of small partlcles as the
- comet travels along its orblt | -

NASA image of comet Swift-Tuttle; 1992 °
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Halley’s Comet outgasing Comet Chury outgasing



. Plume from A.steroid Bennu
Larger particles visible in this photo.




How does a comet form a debris trail along its entire orbit?

As a comet orbits the sun, the particles outgased will be at a
different distance from the Sun, causing the Sun’s gravity to pull
each particle at slightly different speeds. These minor speed
differences spread the particles out over time and cause the
particles to move ahead or behind at sufficient differences that over
hundreds of orbits, a debris trail forms.



Comet orbiting the Sun, 1st orbit, beginning to outgas:

—~——
Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Comet orbiting the Sun, 2nd orbit, continuing to outgas:

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Comet orbiting the Sun, after 10 orbits:

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Comet orbiting the Sun, about 50 orbits later, with well developed debris trail:

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Comet orbiting the Sun, about 200 orbits later, with fully developed debris trail:
(For Swift-Tuttle, 200 orbits = 26,000 years)

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Note that the debris trail remains close to the orbital path of the comet.
Which is why a meteor shower is typically of very short duration.

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



The Perseids are also known for their fireballs. Fireballs are larger
explosions of light and color that can persist longer than an average
meteor streak. This is due_to the fact that fireballs originate from
larger particles of cometary material. Fireballs are also brlghter with
apparent magnitudes greater than -3. '

Fireballs are meteors that have a glowing tail. They are off|C|aIIy rated
fireballs if the glowmg tail is bxighter than Venus - '

(Source: https:Ilsolarsystem.nasa.govlasuaroids-comets-an&-meteorslmeteors-al.nd-meteorites/persei
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And a chart of 300 orbits of fireballs associated with comet Swift-Tuttle by Aug 12:

Orbits of 300 Fireballs associated with the Perseids, Aug 12, 2012 Orbital Position [AU]
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The Perseids’ fireball orbits do not follow the Comet’s orbit. Instead
many orbits are shown, of various duration, with only one thing in
common: They all intersect Earth's orbit at one point.

The obvious rational explanation is that they all ORIGINATED from
Earth, starting at the same time.



The debris trail shown previously is what happens if the comet outgases along the orbit.

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



How will the debris trail look if a major outgassing event occurs while it is near the Sun?
For instance - what if an asteroid hits the comet?

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



Debris Trail after major outgassing event near the Sun:




Debris Trail after major outgassing event near the Sun:
Red pomts are regular outgassmg along the orblt over many orblts

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at wWw.Cratel-'s'.ca : e i



Debris Trail after major outgassing event near the Sun:
The range of orbits is much greater.

In this image, the red points are particles tossed off the comet as it travels around the
sun, the same as in the previous image. To produce the yellow point distribution, a cloud
of 70,000 points,.in an area of 300 km diameter was created while the comet was closest
to the sun. The particles were given random velocities ranging from 0 to 1000 km/hour.
This is to show what happens if something were to disturb or impact the comet at that
point.

The cloud has spread out due to the significant gravitational differences between the
particles closest to the sun relative to the particles farthest from the sun.

This is a single point event - the cloud is not added to or modified other than gravitational
effects and time. As it travels hundreds of times around the sun, it spreads out to form
this pattern.

The resulting orbits cover a much wider range, but itis still centered on the comet’s path.

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca



While the comet particle orbits are widely distributed, they are still
limited in range compared to Cooke's image of fireball orbits.

And they required a single point event beside a large gravitational
object to make the dispersion shown.

It would seem that wide distribution of orbits requires a unique
single event near a large gravitational object. And apparently, a
range of 0 - 1000 km/hour is NOT enough to produce the fireball
orbitrange plotted for the Swift-Tuttle fireballs.

A single event with a wide range of velocities resulting from itis a
good description of a skip impact.



A Comet Skip Impact by Swift-Tuttle
could have formed Lake Michigan
and produced the fireball orbits shown by NASA.




Most Impacts occur at steep angles,
producing circular craters.
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The chances of winning LotoMax is 1 in 33,294,800

But it is won many times each year.



The chances of winning LotoMax is 1 in 33,294,800
But it is won many times each year.

The probability of a skip impact is ~ 2%
or1in S50

Earth should have some skip impact craters.
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Here are a lot of
highly irregular features
on the lake floor:
most likely glacier striations
and not part of impact crater.

Orcus Patera

outline 20m Depth Contour
~ 450 long




Lake Michigan and Orcus Patera match very well
It is proposed that Lake Michigan is a skip impact crater

Lake Michigan 20m depth contour
450:150km = 3:1 ratio of length to width



Are Skip type events possible?
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Examples of iISALE simulations of the Chicxulub Impact:
Development of the Chicxulub crater for 30 and 60 degree impacts.




5 Degree Impact at 15 km/s

Here is an iSALE simulation
of a skip impact on Earth.
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Impact at 15 km/s

Here is an iSALE simulation
of a skip impact on Earth.

egree Impact at 15 km/s

Impact at 15 km/s

The iSALE simulation shows that a comet
CAN hit Earth and continue on its orbit. :

Impact at 15 km/s

Part continues on orbit,
Part is shattered and tossed back into space as debris,

mixed with a lot of debris from Earth.

Impact at 15 km/s




@ Comet Skip Impact Visulization Program.  (c) John Burg

100

Comet Diameter:

Simulation: Swift Tuttle from above at € rees after impact

High resolution simulation of a comet skip impact

act Visulization Program.

¢) John Burgege!

Simulation: Swift Tuttle from above at 66.55 degh s after impact Comet Diameter: 100 Km

0 Comet Skip Impact Visulization Program. (c) John Burge

Comet Diameter: 108 Kn

Simulation: Suift Tuttle from above at 66.55 degr after impact

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca
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High resolution simulation of a comet skip impact

n Program.  (c) John Burgdger 2

Simulation: Suift Tuttle from above at 66.55 deghees after impact Comet Diameter: 100 Km

Fation Program. (c) John Burg

tle from above at 66.55 degrges after impact Comet Diameter: 100 Kn Speed: 41.78 Kns/s

Images from Comet Skip Impact Visualization Program © John Burgener 2020, available at www.Craters.ca




The CometSkiplmpact program shows what a skip
impact would look like. It matches what iISALE
produces, but in higher resolution.
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If we plot the orbits of the debris,
we get a set of orbits
matching the NASA fireball orbit distribution.

Debris colors:

Blue < Earth escape velocity

. Red is above escape velocity

'; : Yellow is way above escape velocity.
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It's the same pattern as the chart of 300 orbits of fireballs associated with comet Swift-Tuttle:
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Does the proposed impact fit other evidence?
Does it explain anything presently in question?



A body
approaching a
planet will tend
to break up into
pieces. A skip
impact would be
expected to
involve more
than one piece.

Lake Michigan

and a portion of
Lake Superior
have elliptical
depressions that
line up as would
be expected
from a object
splitting apart as
it approached
the impact point.
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It is proposed that the skip impact event occurred
at the end of the ice age, approximately 12,700 years ago.

The comet would have impacted onto a layer of 2 to 3 km of ice.
The crater “wall” would have mainly been ICE
and went away as the ice melted.



It is proposed that the skip impact event occurred
at the end of the ice age, approximately 12,700 years ago.

The comet would have impacted onto a layer of 2 to 3 km of ice.
The crater “wall” would have mainly been ICE
and went away as the ice melted.

While some debris would be tossed into space at above Earth escape velocity,
a lot of debris would land down range from the impact.
The debris would be largely ICE.



It is proposed that the skip impact event occurred
at the end of the ice age, approximately 12,700 years ago.

The comet would have impacted onto a layer of 2 to 3 km of ice.
The crater “wall” would have mainly been ICE
and went away as the ice melted.

While some debris would be tossed into space at above Earth escape velocity,
a lot of debris would land down range from the impact.

The debris would be largely ICE.

Is there any evidence of a lot of debris landing down range from Lake Michigan?
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N orth America has i LIDAR Elevation Imagery of Carolina Bays in North Carolina

This image was generated with 1.5 m resolution LIDAR elevation data. False color shader is HSV (hue-saturation-value), driven by elevation values which are exaggerated by 20x to punch up the relief. The field of view is 35 km e-w and 17 km n-s,
and encompasses ~600 square km. Imagery generated within Global Mapper GIS, exported as kml-jpeg, and visualized in the Google Earth virtual globe using the network linked file at http://cintos.org/AGU_2017_LIiDAR
h u n d reds Of | Elevation values extend from 46 masl in lower right to 90 masl in upper left, for a total relief of 44m over the diagonal distance of 38km. This land is FLAT!

thousands of elliptical
depressions along the
East coast, and in the
southwest. They are
called Carolina Bays.

The large triangular area in the lower left represents the three ~2km long runways of the Laurinburg-Maxton Airport. Note that the airport has expanded over a Carolina bay, yet the bay's planform continues to be apparent in the topography.

M iR o [ LR 1a = J . ‘r s 3 o _\w _‘_ ~:‘=_ - !WV',\. v -:7“\

While there is some
debate on the origins,
most people favor the
theory that they are
impacts from low
speed, small objects,
all formed at the same
time. Ice is generally
considered the main
likely impacting
material since there is
no remaining
meteoritic material.
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Low angle impacts forming Lake Michigan and hitting Lake Superior
) would account for almost all Carolina Bays

s
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It is proposed that the skip impact event occurred
at the end of the ice age, approximately 12,700 years ago.

The evidence of an impact at the end of the ice age
shows in the Younger Dryas studies.

A skip impact forming Lake Michigan
would identify the crater responsible for the Younger Dryas event.



A skip impact forming Lake Michiagn explains:

1. The range of orbits of the Fireballs related to the Perseids
2. The shape of Lake Michigan

3. The Carolina Bays

4. The Younger Dryas impact event




The evidence’s best fit is that
Comet 109P/Swift—Tuttle impacted Earth
in a low angle skip impact
about 12,700 years ago.




