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tion of Swift Tuttle skip impacting at ™ 10 degrees, forming Lake Michigan and the Carolina Bays Time since Impact: 19754 3Seconds 329.2 HMinutes 5.4 Hours
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Last year we presented the Comet Skip Impact program
which shows that the fireball orbits related to comet Swift-Tuttle
could be better explained as a Skip Impact event
rather than the comet outgassing on orbit.
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Which matches the observed fireball orbits better than the present theories.
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Last year’s program was 2 dimensional
and focused on the debris sent into orbit.

The program handles vast numbers of particles
and their gravitational effects,
perhaps adding a 3rd dimension would be possible?



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 LIDAR

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!

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.
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3D presentati a skip impact

and the Carolina Bays Time =ince Impact: 251 Seconds

Side View

b=, forming Lake Michigan and the Carolina Bays Time =ince Impact: 250 Seconds
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e Michigan and the Carolina Bays Time since Impact:

3D presentation of a skip impact

forming Lake Michigan and the Carolina Bays Time since Impact: 153 Seconds 2.5 Min
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Time since Impact: 614 Seconds 10.2 Minutes g Hours
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Time since Impact: 543 Seconds Minutes
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© Comet Skip Impa Z s John Burgener

Simulation of Swift Tuttle skip impacting at ™ 10 degrees, forming Lake Michigan and the Carolina Bays Tine since Impac 625 Seconds o Hours
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© Comet Skip Impacts Visulization Program. (c) John Burgener 2021

of Swift Tuttle skip impacting at ™ 10 degrees, forming Lake Michigan and the Carolina Bays ~ Time since Impact: 789 Seconds 13.1  Minutes 2 Hours
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Simulation of Swift Tuttle skip impacting at ™ 10 deqgrees, forming Lake Michigan and the Carolina Bays Time since Impact: 885 Seconds . Minutes . Hours
Ty, T e P RORT i ;
[y T B o Y IW

i o, ; ! .
2 D @ B D G

e the patterns more cle_arlig

NGl
L) SN (P = :
F1-F5: £ZD Skip Impacts F6: Labels are OFF F?7: Atmospheric Drag is ON F8: Earth rotation is OFF F9:Display Fires is OFF F10:Display:Comet Source

, Pt e

Space Bar: Pause End Program: ’Esc’ Cursor RKeys: Zoom-View
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Simulation of Swift Tuttle skip impacting at ™ 10 degrees, forming Lake Michigan and the Carolina Bays
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ISALE calculates a range of craters
from low speed, low angle impacts:
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The black ellipse is a typical Carolina Bay, but there are many slightly different shapes.




ISALE shows that minor velocity variations do not effect
the crater shape as much as the impact angle:
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The black ellipse is a typical Carolina Bay, but many are slightly different shapes.



ISALE best fit craters for the Carolina Bays are:
15 - 25 degrees
2 to 4 km/sec
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The black ellipse is a typical Carolina Bay, but many are slightly different shapes.
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The secondary craters of the program closely match the Carolina Bays
and fit the impact angles, shapes and speeds predicted by iISALE WA
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The program includes atmospheric drag, and can show which pieces
land at higher speeds, burning in the atmosphere.

The atmospheric drag is based on US Standard Atmosphere, with a drag coefficient of 1.0, for objects of ice at a mass of 1.
(from US Standard Atmosphere charts of 1976 - us-standard-atmosphere_st76-1562_noaa.pdf)



Comet Skip Impacts Visulization Program. (c) John Burgener 2021 _ . = !

Simulation of Swift Tuttle skip impacting at ~ 10 degrees, forming Lake Michigan and the Carolina Bays Time since Impact: 19061 Seconds 317.6 Minutes 5.2 Hours

The debris spreads < the planet,
with the majority landing at high speeds, and very hot.
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The 3D skip Impact program uses four styles of waves / tossed debris:
1. Shock wave with debris tossed in all directions.
Typically shock waves will push out debris more horizontally than vertically, but the
shock wave is spherical and can toss in any direction, including backwards.
2. Push ahead of the comet with debris mainly tossed forward, at close to comet speeds.
3. Bow Wave with debris tossed sideways in a typically focused wave
4. Bow Wave with debris tossed forwards and sideways, in a typically focused wave.
Shock waves will toss at speeds according to the speed of shock waves and speed of sound.
Push Ahead debris will be tossed at comet speeds +/- about half.
Bow waves will be tossed at speeds mixed with comet forward motion, shock wave speeds,

and debris getting in the way of other debris, so typically much slower than the comet.

The program uses a mix of the above in its calculations.



With such variations happening, it is apparent that
the program’s debris waves will NOT be perfectly accurate.

However, the point of the program is to answer the question:

Can a skip impact produce secondary impacts from the debris?

The answer is definitely YES.

How much debris lands in the Carolina Bays area and forms mini craters
depends on the size of the comet, the nature of the debris being tossed
and the nature of the land it falls on. But a large comet forming Lake
Michigan or the Saginaw crater COULD send debris that fits the size,
speeds and impact angles required to form the Carolina Bays.



Some extra features in the program
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R ™ [ —" -

approx # Cometz in Calculation 9828

——— e — |

Comet Diameter: 40 km Initial Speed: 3 knss Total # calculated: Impact Speed: 11.38 knrss Impact Angle: 77.93

Impact fAngles

e
1ﬁ¥a§§§§§§§%§§z=_
Z -5
5 - 10
10 - 15
15 - 20
Z0 - 30
30 - 40
40 - 50
50 - 60
B0 - 70
Y0 — 80
80 - 90

40 km diameter comets,
Approach speed of 3 km/s

sshdpes, and impact angles
pacts.

Skip Elliptical Slightly Elliptical Near Circular Circular
Missed 0-5 5-10 10-15 15-20 20-25 £5-30 30-35 3540 40-45 45-50 50-55 55-60 60-65 6570 T0-75 7580 80-85 85-90 Totals
# Impacts 1339 62 Il 136 186 232 269 3oa 314 336 332 318 316 292 242 219 150 112 78 5318 # calculated

¥ Missed 25.29
» Impacted 1.5 1.9 3.4 4.6 5.8 6.7 7.7 7.8 8.4 8.3 7.9 7.9 7.3 6.0 5.5 3.7 2.8 1.9 3979 # Impacting



The images of this option show the planet covered with craters.

They are created by setting up an array of thousands of comets
approaching Earth in a grid array, spaced several comet diameters
apart. They are all started at selectable initial speeds, 200,000 km
from Earth and allowed to have gravity pull them to Earth or past
Earth.

The result is a planet covered with craters with impact angles
ranging from 0 to 90 degrees, and shapes from circles to long
sausage shapes.

The craters are calculated as circles of twice the size of the portion
hitting Earth during each calculation.
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R ™ [ —" -

Impact Speed:

Comet Diameter: 40 km Initial Speed: 3 knss Total # calculated: 5318 11.38 knrss Impact Angle: 77.93 approx # Cometz in Calculation 9828
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90° and 40-50° impacts
are the most studied,
but are a small part of the
potential impacts.
Skip Elliptical Slightly Elliptical Near Circular Circular
Missed 0-5 5-10 10-15 20-25 £5-30 30-35 3540 40-45 45-50 50-55 55-60 60-65 6570 T0-75 7580 80-85 85-90 Totals
# Impacts 1339 62 Il 136 232 269 3oa 314 336 332 318 316 292 242 219 150 112 78 5318 # calculated
# Missed 25.29
# Impacted 1.5 1.9 3.4 5.8 6.7 7.7 7.8 8.4 8.3 7.9 7.9 7.3 6.0 5.5 3.7 Z.8 1.9 3979 # Impacting



@ Comet Skip Impacts Visulization Program. (c} John Burgener 2021 [ =

e ———— e — L]

Comet Diameter: 60 km Initial Speed: 30 knss Impact Speed: 31.99 knrss approx # Comets in Calculation 3813

The Skip Impact Program
allows you to select

comet sizes and approach speeds
60 km diameter comets, @&

Approach speed of 30 km/s 1

Skip Elliptical Slightly Elliptical Near Circular Circular
Missed 0-5 5-10 10-15 15-20 20-25 £5-30 30-35 3540 40-45 45-50 50-55 55-60 60-65 6570 T0-75 7580 80-85 85-90 Totals
# Impacts 1245 84 418 90 112 160 170 190 220 226 190 206 198 182 162 118 86 54 41 3782 # calculated

¥ Missed 32.91
» Impacted 3.3 1.8 3.5 4.4 6.3 6.7 7.4 8.6 8.9 7.4 8.1 7.8 7.1 6.3 4.6 3.3 | 1.6 2537 # Impacting
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Skip Elliptical Slightly Elliptical Near Circular Circular
Missed 0-5 5-10 10-15 15-20 20-25 £5-30 30-35 3540 40-45 45-50 50-55 55-60 60-65 6570 T0-75 7580 80-85 85-90 Totals
# Impacts 1245 84 418 90 112 160 170 190 220 226 190 206 198 182 162 118 86 54 41 3782 # calculated
# Missed 32.91
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Initial Speed: 3 knss Impact Speed: 11.38 knss approx

F
Skip Elliptical Slightly Elliptical Near Circular Circular
Mizsed 0-5 5-10 10-15 15-20 20-25 £25-30 30-35 3510 40-45 45-50 50-55 55-60 60-65 65-70 70-75 ?5-80 80-85 85-90 Totals
# Impacts 2652 106 146 270 348 438 510 566 596 626 612 584 574 512 432 360 248 164 84 9828 # calculated

* Missed Z6.98
» Impacted 1.4 Z.0 3.7 4.8 6.1 7.1 7.8 8.3 8.7 8.5 8.1 7.9 7.1 6.0 5.0 3.4 2.2 1.1 7176 # Impacting



Interactive Comet Craters:
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Comet Diameter: 80 km Initial Speed & Angle: 30 knss 0° Impact Speed & Angle: 31.2 km/s 6.8° Start X: 15000 kmn Start ¥: 6500 km 248
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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.
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Lake Michigan, Orcus Patera and the Skip Impact Program outline are very similar.
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

Skip Impact Program
Idealized similar crater

Louer scene is-the View from Ahove. - Upper scené is, the Uiew from the side.
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It is proposed that a recent impact formed Lake Michigan
and formed the Carolina Bays as Secondary Craters




Low angle impacts forming Lake Michigan and hitting Lake Superior
could form the Carolina Bays as secondary impact craters.

Image based on image from: "Correlating the Orientation of Carolina bays to a Cosmic Impact"
cintos.org/SaginawManifold/Introduction/index.html




Conclusion:

The Skiplmpact 3D software indicates that a skip impact by Comet Swift
Tuttle could fit as the source of the Carolina Bays as secondary impacts
from the impact debris, and would explain the distribution of the fireball
orbits associated with the Perseid Meteor Shower. The program predicts
that very low angle craters will be of unusual shapes and often not
recognized due to their elongated and shallow shapes.
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