The Permian-Triassic Impact Event

Overview of the discoveries which were leading to the
Permian-Triassic (P/T) Impact Crater
and to

2 70 secondary (P/T) craters worldwide !

by Harry K. Hahn / Germany - 6.12.2018

Www.permiantriassic.de —> Please read my Study



http://www.permiantriassic.de/
https://vixra.org/abs/2012.0210

The 8 x7 km elliptical (oblique) Warwick Crater Precise elliptical shape of the structure

- located near Warwick 150km SW of Brisbane/Australia

This was the first elliptical Crater which | discovered !

Magnetic Anomaly Map

The total magnetic intensity image shows variations in the Earth's magnetic field caused

by ditferences in the magnetic properities of rock units in the upper crust. The magnetic
response of rocks is directly related 1o the content of magnetic minerals, and Is deplcied

by means of a rainbow colour scale from red (strongly magnetic), through yellow
(moderalely magnetic), to blue (weakly to non-magneltic). The structure has boen enhanced
by draping the coloured image over a grey-scale version of the same data 1o which a NE

The amplified deformation towards SW was caused by
Earths rotation which accelerated the impacting material
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Satellite view of the 8 x 7 km Warwick Crater / NE-Australia visible crater-wall section
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Geological Map of the surrounding area of the Warwick Crater (Ejecta area marked) & 00qy maps
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Elliptical Impact

The geological map of the SE-coast of Queensland indicates
bwo main chaplers associated with the large impact event

1.) Ejection of tha red colored roeck typees along the Eael Coact of QLD

at =253 Ma, = Crysialiization of this “sjecta ranges” unbl - 225 Ma
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Gravity Anomaly Maps of North-East Australia ( Queensland )
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Gravity Anomaly Maps of North-East Australia with conspicuous structures marked

The circles and lines on
the map represent a first
interpretation of some
conspicuous features on
the gravity anomaly map

The are different conspicuous structures
visible onthe map, e.g.:

a precise 120° circle-section at the
continent shelf of Cape York peninsula
( = bluecircle)

There are two different ray systems
visible comingfrom two different source
areas (= linesmarkedinblue & purple)
There are large-scale flow-structures
visible east of the two source-areas of
the mentioned ray systems

( = probable traces of magma streams )




Gravity anomaly map of the @ 320 km Cape York Crater ( CYC)
- located on the ocean floor near the Cape Yok peninsula ( NE-Australia)
This was the second Crater which | discovered ! I first believed that this is a primary crater.

But later | came to the conclusion that it must be a large secondary crater of the PT-Impact Event.

e The gravity anomaly map shows a precise 120° circle-section at the continent shelf
e The marked circular area shows further coaxial circle-section structures ( = crater ring structures )
e There is an outflow-structure ( magma flow ) noticeable coming from the center of the assumed impact crater

- This means that the impactor probably penetrated Earth’s crust during the impact

prepared




The @ 320 km Cape York Crater shown on a satellite map with ocean floor topography
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The @ 320 km Cape York Crater & resulting structures marked on the gravity anomaly map

e The circle section structures at the marked impact site ( full black circle )
e Two large-scale flow structures ( magma flows ) coming from the crater center, left visible traces ( dotted arrows )

e Two different ejecta-ray systems visible, which came from two different sources ( one source was the Cape York
Crater ( black ray system ), the other source was either another crater, or impacting ejecta of the CYC caused it.
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The isolated structures which all belong to the Cape York Impact Event :

The two pink colored arrows shown in
the smaller rectangular image indicate
the Interdependence between the
assumed large impact in the North of
Queensland and the assumed smaller
elliptical Impact Structure in South-
East Queensland.

The main impact direction of the
smaller elliptical structure i1s identical
to the direction of the thin ray
structure of the larger impact structure




A rotation of New-Guinea by 45° towards the CY-Crater shows the original impact scenario

Note the circular crater structure of a large
Also note the magma flow (yellow) which obviously came 300 km crater which is cleary visible now !
from the dark blue area
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The modified gravity anomaly map indicates a crater chain which caused
a crack separating Australia & New Guinea and a divergent tectonic motion

The structures visible on the modified gravity
anomaly map indicate a crater chain :

e The red circle represents the @ 320 km
Cape York Crater ( CYC).

e The blue circles indicate further possible
impact craters with similar diameters, which
originally formed a >1000 km long crater chain

e The bow-shaped border structures of the
positive anomalies ( orange/yellow ) indicate
three further craters with > @ 300 km

e The black arrow indicates the trajectory of the
impactors which formed the crater chain

e The white dashed line indicates the crack in
Earth’s crust caused by the crater chain




The traces of the Cape York Impact Event shown on a topographic ocean floor map

large scale
magma
flow traces
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The Cape York ‘

Impact Event :

Impact Chronology

yellow — mainejectaarea;

green -— ejectarays

orange — magma flow areas

{ dark arange - thick or compressed magma flows,

fight orange ) =¥ thin or less concentrated magrmae flows )

2

253 Ma ago

-

prepared by Hanry K. Hahn

Today




An elliptical impact crater on Mars & Computer-Simulations of elliptical Impact Craters

On the origin of a double, oblique impact on Mars

|.E. Chappelowb* RR. Herrick®

A double, oblique impact feature north of Olympus Mons provides a unbque opportuniny to imvestigate the
event that formed it The sizes of the craters, their ellipticity, shapes of ejecta blankets, separation from
cach other, and positions relative to each other, all give us information about the event. Coupling this
infarmatian with an existing madeél af meteantic !Ilgh! rhmu&h an zh'nosp!‘u-rc allimws us 10 test soveral
possible scenarics for the event (object type and origin, pre-entry trajectory, atmospheric trajectony.
prevailing atmospheric densityl We find it highly improbable that the impactor was simply an extra-
martian asteroid or comet. We also find that it is unlikely to have been a double-asteroid or a tdally
fractured one, but is more likely to have been a Mars-orbiting moonlet whose orbit tidally decayed, and
that denser atmospheric conditions than today's may have prevailed when it impacted.

Fig. 1. A large (7.5 x 10.0 km) elliptical crater with a smaller elliptical crater (2.0 =
3.0 km) lying 125 km directly uprange (to the left). "Butterfly’-pattern ejecta occur
around both craters. (Mosaic of THEMIS daytime IR images.) Morth is up.

Fig. 2. Atmospheric fight trajectories for asteroids (top) and a moonlet (bottom) in

The transition from circular to elliptical impact craters

Dirk Elbeshausen.! Kai Wiinnemann.' and Gareth S. Collins?>

2. Model Setup

5] To investigate crater lformation for shallow-angle im-
pacts, we have carried out a series of 3-D simulations with
the hydrocode 1SALE-3D | Elbeshausen and Wiinnemann.
200 1; Etheshansen ef al., 2008, This code uses nite dilTer-
ence and finne volume techmiques on a Carlésian staggened
mesh, It follows an Implicit Continuous-fluid Eulerian and
Arbitrary Lagramgian-Eulerian (ICE"d ALE) approach, as de-
scribed in Harfow and Amsden [1971] and Hirt ot al, [1974],
1o solve the Navier-Stokes equations in a compressible man-
ner, Heneg, the kingmatic deseniption of motion can be ¢ither
Lagrangian (where the mesh deforms according to the nodal
velocities) or Bulernan (where mesh 15 iixed in space} or a
mixture of both. Due o large deformations and sheaning of
matier that occur in particular during oblique impacts, the
Fulerian approach is more appropriate for the given study
[e.g., Colfing et al., 2013). The Eulenan kinematic descrip-
tion requires the reconstruction of interfaces berween matter
and the free surface (or different types of materials which
was not considered in this study as taroet and projectile were
assumed 1o consist of the same muterial) W enable a precise
calculation of material flows. For the interface reconstruc-
tion, it is beneficial to use an adaptive approach coupled
with o volume-ol-uid technigque [Benson, 2002; Hir and
Nichols, 1981: Guevffier e al, 1999] as described in
Elhesiesen and Winnemann [2001]. The code has been
successfully validated against laboraiory experiments and
benclmuked against other nuoencal inpact models [eg.,
Davisen et al, 2011 ; Pierazza et ol ., 2008]

[a] Inall simulations, we assome lemesdrial gravilty condi-
tions (=981 m/s”) and resolve the projectile by 16-24 cells
per projectile radius. We vaned Ui impact angle uin a rnge

between 907 (verncal impact) and 5% The primary focus of

this study was oo low nopact angles (w< 3070, siee we
expected the transition from circular 1o elliptical emiters in
this range. We used impact velocitics of /=8 km/s, 12 km/s,

Figure 2. Influence of the impact angle on crater shupe,
lmpact of a 5 km sized projectile at & km's and low impact
angles o (Inction coelTicient f=0.3; no cohesion), The
dashed white line marks the inner boundary of the crater cav-
ity just belore the onsel of crater modilication (imeasued al
the preimpact surface). The cross (X) indicates the contact
point ol the projectile with the rged, the 17 marks the geo-
melrie center of the crater, The secondary structures close (o
e lell corater v are the result ol the projectile motion along
the target surface (menon) and mdicate a very oblique impact
angle. The wolur vontowrs denote the clevation whay gieen
represents the initial level of the 1arget, blue represents topog-
raphy below, and red above the target level,



The Permian-Triassic Impact Crater is an elliptical Crater located north of Alaska

The asteroid or comet who caused it had a diameter of 60 to 150 km and it impacted in a shallow angle < 10°

5 g 1os ; e
%“*‘Lﬁ‘ The “Brooks Range”
2 /et/én <3 Note the elliptical bow
A7
E_L 7

D shape of the range

Alaska

'
&

1270 x 950 km Ay

)

Impact Site today Deté}'l'---Z i o

i
USDept of State Geographer

ot (NI Q0gtSEaD

Prepared by Harry K. Hahn 5 2015/Google By

% Reisefihrer 7B24541,547 N 176°26!04.45" O Hohe -384 m  sichthohe 2404590 km




Structures on the ocean-floor and on the Brooks Range provide further evidence for the Impact

Detail 1 : Remaining section of crater-wall visible. Structures Detall 2 : This section of the Brooks Range also indicates the
on the crater floor indicate the angle of the escaping ejecta. escape angle of the ejecta. It's similar (but opposite) to Detail 1
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> 00| € maxima at 243 Ma compression of the
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see : Zircon Analysis of Rocks from the Brooks Range (fromJaime dafined angle towards
Toro, Dep. Geology, WV) : With SHRIMP-RG analyzed rims and h t t

cores of 15 zircon crystals indicate 206Pb/238U ages range from 137 the crater center.
to 887 Ma w ith histogram maximas at 243 & 384 Ma.



http://pages.geo.wvu.edu/~jtoro/Research/shrimp/shrimp.htm

Shape and location of the Siberian Traps confirm the P/T — Impact Crater’s position

Satellite image : |

rear end of crater

i
Prepaned by Harry K. Hafn

PM-Impact Crater

1270 x 950 km
Impact Site today

- located in the
Beaufort Sea

Magma which flew back from the

Angara Craton into the crater

trajectory of
the asteroid

Prepsaned by Harry K. Hafn

southern area of impact site today
- moved away from impact site
through the impulse of the impact

Mote blow-out rim on !

The flood lavas caused by the impact: The Siberian Traps
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The tongue-shaped outline of the Siberian Traps confirms that the
proposed location of the P/T-crater is correct. The tip of the ,red
tongue-shaped area” indicates the trajectory of the impactor.

| MNote the bow-shape of

the northern edge of
the flood-lava formation
= similar to bow-waves
produced by ships |

*

Pregared by Harry K. Han

Structural Evidence forthe P/T-Crater :

Perfect elliptical outline of the
BeaufortSeaBasin ( opento one side)
Bow-shape of Brooks Range fits to
elliptical basin on the ocean floor.
Age of Brooks Range =243 Ma

( = crystalization age ~ P/T-boundary)
Tongue-shaped outline of the main
section of the Siberian Traps fits to
proposed location of the P/T-Crater
The bow-shaped edge of the northern
end of the Siberian Traps indicates the
main direction of the ejecta which was
ejected duringimpact (= the Siberian
Traps are mainly ejecta material !)
The structure of the P/T Crater
corresponds to a simulated impact




The topography provides further structural evidence for the P/T-Impact Event

There are clear topographic traces visible in order to identify the front-end of the crater and its tectonic motion

— the motion of the front-end of the PTl-crater over time is indicated
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front-end of PTl-crater (flood lavas caused
( current location) by the PT-Impact)




The topography of the real P/T-impact Crater is nearly identical to the topography of
a simulated elliptical impact crater
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Satellite Image ( contrast enhanced ) : Impact Site near Alaska |t
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1.) Reality: Satellite image Siberia (contrast enhanced)

PIT-Impact Crater

The secondary structures gl
at the front-end of the O A, e R
crater are the result of the
pmje-::tilerfmntiil:n al-:}n? the Topographic map Magnetic Anomaly Map
target surface (friction - .
N TA A" — - | Note the cone-shaped structure !
! B 5
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- Note the cone-shaped Ejecta blanket
s B (red) coming from the impact center

Early reflections of shock and rarcfaction waves in the  In this case, the lower pant of the projectile is decelerated by
projectile prevent plastic deformation in the upper pant of the  shearing along the surfiace while the upper part continucs its
body. The strong pressure gradient in the projectile suggests  motion nearly unaffecied.
fragmentation of the projectile would likely oceur,




To the crater formation of the @1270 x 950 km P/T-Impact Crater

Inere 15 ciose correlation between the topography of the real PIT-impact crater and the topograpny of a simulated elliptical
impact crater with similar properties ( ellipticity, impact angle, impact velocity, target surface etc. ). The PT- impactor probably had
an impact velocity of around 8 km/sec. And the impact angle probably was in the range of around 5 to 7 dagrees.

Therefore the PT-impact was a “low-velocity impact” of a large asteroid or comet in the diameter range of 60 to 200 km, at a very
shallow angle. During impact the lower part of the impactor was decelerated by shearing along the surface, while the fragmented
upper part of the Impactor continued IS motlon nearly unaffected. The fragmented upper par of the Impactor, together with a very
largc volumc of partty molicn cxcavatcd rock matcrial was cjocted in a mostly forward dirccted cjocta blankct. This cjocta blankct
whirh included many large secondary impactors (= fragments of the PiT-impactor + ejecta ), produced a number of secondary crater
chains with crater diameters of 100-250 km, and a number of very large secondary craters with diameters of =300 km ( e.g. Bengal
Bay Crater, Cape York Crater, Pantanal Crater, etc.). There is strong indication that these impact crater chains are responsible for
the major fractures In Earth's crust, which led to the break-up of Pangea. (- £.Q. the crater chalns R1 to R4 > see chapter4 )

Figure 2. Influence of the impact angle on crater shape.
Impact of a 3 km sized projectile at 8 km's and low impact
angles a (friction cocllicient =03: no cohesion). The
dashed white line marks the inner boundary of the crater cav-
ity just before the onset of crater modification {measured o
the praimpact surface). The cross (X) indicates the contoet
point of the projectile with the target. the *+” marks the geo-

Reasons why it is difficult to find mineralogical evidence for the PTI

- Because impact velocity was relatively low - probably < 8 km/s
and the impact angle was only 5-7° - resulting shock pressure
was relatively low at the P/T Impact Site.

meing center of the crater. The secondary structures close (o
the lefl crater rim are the result of the projectile mation along
the target surface (mction) and indicaie a very oblique impact
angle. 1he color contours denole the elevaiion where grecn
reprresents the indtial lovel of the target_blue represents topog-
ranhy below. and red above the tareet level

- Therefore the volume of molten rock, caused by the impactor,
was probably less than 10 % of that, caused in a vertical impact

- Impact velocities & impact pressures at secondary impact sites
of P/T-ejecta were even smaller than at the P/T —impact site

- The above mentioned impact conditions are the reason for the
difficulty to find clear impact markers in the stratigraphic record
( e.g. impact breccia, suevite, diaplectic glass, PDF’s etc. )

The transition from eircular to elliptical impact eraters

Dirk Efeihaveen.! Ko Wiinnemann ! and Careth S Collne?

2. Model Setup | * Weblinkto study : Study 1

[5] To investigate crater formation for shallow-angle im-
pacts, we have carried out a serics of 3-D simulations with
the hydrocode iSALE-3D [Efbeshausen and Wiinnemann,
201 1; Elbechausen of al., 2009], This code uses fimte differ-
ence and finite volume technigues on a Cartesian staggened
mesh. I lollows an Imphen Contimvous-tiuid Evlenan and
Arhitrary L agrangian-Folerian (ICE'd ALE) approach, a< de.
seribed in Harfow and Amsden [1971] and Hie et al, [1974],
o splve the Navier-Stokes equations in a compressible man-
ner. Hence, the Kinematic description of motion can be cither
Lagrangian (where the mesh deforms according to the nodal
selocities) or Eulenan (where mcsh as fiaad o spacc) o a
mixture of both, Due 1o laree deformations and sheanng of
maiter that occur in particular during oblique impacts, the
Eulenan approach s more appropriate for the given 511.:1.1}
[e.z.. Collins ¢t al., 2013). The Eulerian kinematic descrip-
tion requires the reconstruction of interfaces between matler
and the free surface (or different tvpes of materials which
was nol considered in this study as rget and projectile were
assumed 10 consist of 1he same material) o enable a procise
caleulation of material Aows. For the mterdface reconstruc-
tion, it is beneficial o use an adaptive approach coupled
with a volume-of-Muid wchnique [Benson, 2002, Hirr and
Nichols, 1981: Guevffier e wl.. 1999] as descnbed in
Ethesharosen and Wiinnemann [2001]. The code has been
successfully validated against laboratory exporiments and
benchmarked against other numencal impact models [e.g.
Davison et al., 2001 ; Plerazzo e al,, 2008].

[¢] Inall simulations, we nssume termestrial gravity condi-
tions (g =981 m/s*) and resolve the projectile by 16-24 cells
per projectile radius. We vanied the impaet angle @ in 2 range
between 90° (vertical impact) and 5%, The paimary focus of
this study was on low impact angles (o< 30%), since we
expected the transiion from ¢urgular 1o ¢lhptical craters
this mnge. We nsed imnact velocities of /=8 km/s. 12 km/s

The diagrams below show that the maximum shock pressure is drastically
reduced in anobligue impact at 15" impact angle compared to the vertical
Impact case. The reducton In volume of melt is 2 20% for a 15° Impact !
[ This estimate does not indude possible melting due to shear heating ).

CTETer are e result of the
projectile motion along the
target surface [friction)

Side View of the P/T Impact :

Ejecta That means the PT-Impact has ejected large volumes of unmelted rock !
e / \ p-T See weblink to study : o)
Y L y Impactor o .
N i 6% 4 o
rﬂ'-:h: I.:..-.III| _.-."I .-- - ﬁ | I'l-l.n' o
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Early refloctions of shock and rancfacton woves n e In this case, the lower pant of ihe progoctile i docclermiad by

peojoctile provent plastic defomuation in the upper part of the  shosnng along the surface while the uppor pan continuo ik " i deg " 15 deg.
Ealy. The strong, pressuare gradent m e Droscti e segpots meodion noarty unalbociod
fragmenistion of the pregectile wemkd likcly oooar - ] ] ] - [ w ™ = -




Gravity Anomaly Map of the PTI — Crater

The P/T-Impact Crater, the Brooks Range and a number of
linear structures can be identified as gravity anomaly
structures, resulting directly from the P/T impact event.

Cooond_loeight
Arclic Gravity project free-air anomaly grid, mGal. The dala is compiled from major airbome surveys, surface, icebreaker Arctic gravity anomaly mag (left) snd geoid ancmaly map (right). Both exracted from Forsberg et al (2006) and

worw, esa.ink esal P SEMMMNBAATME index_2 himl, Note that the two low-gravity belts are connected in the Arctic Ocean,
which iz best seen in the geoid map. The GRACE gravily map shows the geoid anomalies, which reflect mainly the Earth's
. . . surface lopography (local high-gravity ancmalies in the mountain regions) and the mantle mhomogensity (lange-scale low
9 P O I ar- P rOJ ection Of A rctic area : and high ancmalies), The cbaerved gravity field provides us with inaight inta intriguing tectonss features of the mantle
The high-gravity regions all coincide with the tectanksally modt active regions in Masa-Canazoke tima, Tha reglans are
commanty underain by slow mantle at shallow depth {above 330 km) except for the




The P/T — Impact Crater shown on the Tectonic Map &

TECTONIC MAP OF THE NORTHERN HEMISPHERE

Don L. Anderson, Dave T. Sandwell, and Paul Wessel
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Polar Projection of the P/T — Impact Event with the positions of Earth’s continents as
they probably were located at the time of the impact

—> Note the butterfly-shaped ejecta blanket
( orange ) and the secondary craters caused by
the P/T-Impact.
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Fig 1 : A Polar-Projection centred on the PT-
Impact Site ( > center point corresponds approx.
to the North-Pole too ). The map shows Earth’'s
complete surface area and the positions of
Earth’s continents as they probably were located
at the time of impact.

The area which was most effected by the
PT-Impact is located within the butterfly-shaped
ejecta blanket (red). Most secondary impacts
(marked in pink & orange) and ejecta rays are also
located within this area.

Flg 1: Polar-Projection of Earth’'s complete surface area at the time of Impact
centred on the PT-Impact Crater. Earth diameter: —-6500-7500 km




The impact area as it appeared around 100 Ma ago
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- North-America and Siberia are drifting
apart from each other, caused by the
dynamic impuls from the impact and
caused by an expanding Earth |

Fig 2 : A Polar-Projection of the
North-Pole area down to approx. 30°
northern latitude , showing the scene
at a time between the PT-Impact and
today. All following considerations in
this study are based on a smaller
Earth before the impact and on
strong Expansion Tectonics after the
impact, because all maps used for
the analysis indicate Expansion
Tectonics |

Morth-America / Angara

Craton

Russian

Craton Prepared by
Harry K. Hahn

Africa

Fig 2 : Polar-Projection down to 30° N | _.-":. :
~100Ma ago, @ Earth : ~ 10000 km



The tectonic evolution after the PT — Impact Event

As already mentioned on the previous page, all the following considerations are based an a smaller Earth with
~@ G500-7500 km befare the impact, and on strong Expansion Tectonics after the impact. Because all maps
used far the analysis indicate that the FT-Impact triggered strong Expansion tectonics an Earth which is‘___,_—-F
prabably still going on today. (= There is certainly much mare expansion than subduction gaing on even taday 1) -~

Mote stretched
Lithosphere in
this area

Model of 1o1al Ithosphere thickness. A composie of coninental thickne sses scaled from v erical-5-wav e upper-

manile iravelime-anomabe s and an age-depeéndent model in the ocean basins.
See followang 'Weblink -

hiipfpeierbird namefpub licalion s2008 orgue balancesfl 2 joial lihosphers-EarhSH. jpg

An important key-map for the analysis :

Un the lefthand side a composite of continental
thicknesses scaled from vertical-S-wave upper-
mantle travel-time-anomalies combined with an
age-dependent model of ocean basins is shown.

The map shows that there was originally a complete
Eurasian Craton. However this large Eurasian Craton
was hit by the asteroid ~253 Ma ago and broke apar
through the immense shear- & bending stress which
was induced into the Craton by the Impact Impulse.

The physical description of the impact event :

The FT=Impact event can roughly be divided into
three phases which | will describe in the following :

Phase 1:

Total Lithasphere Thickness
Earth5M feg: continental thicknesses based on S20RTS
10 20° 30 AU 5o B0 7" B0 B 1O HI20°130 14D 15016 1 TS0 1TC1SI°A50-1A 0" L2000 00" 00° B 70 B BD AU 3 2 A

Mote e linear edge on the
- Morth-Amedcan Craton. It is
probably a result of the
FT-Impact Frobably caused
by the rear edge of the left
ejpcta wing of the FT-lmpact

53¢ 40¢ 30 3¢ M 0° 100 O 30 40° SO

a

S0000

Protat = Pm + Pg1 + P2

Phase 2 : The accelerated
sections of Earth's Crust [ e.qg.
the Angara & Russian Cratons,
which rotated around a common
pivot point ) then later produced
immense compression  stress
further away, where they collided
with other thick crust areas.

Phase 3 : The further tectonics is
more complex | because of
complex interaction  between
different areas of Earth's crust
The begin of phase 3 is roughly
described in the image on the
right-hand side.

5 JOF OB 0T O A G0 DT .

]

Prapared by Harry K. Hahn

The impact produced three
main impulses which were induced
into the surrounding Lithosphere. The
impulse Py from the Impactor itself
and the two Ejecta-lmpulses Pgy and
Pes which all accelerated different
areas of Eart's crust [ Ithosphere).
The following formula can be applied

Phase 1 :

dolited lines ndicate
secondary impacts
within the sjecta area

Rigil Bada

Praparad by
Harry I Hahn

Ugd @ - 9-90- 2016

Phase 2 ©

Srong Compression
where the Russian

FT-Impact

Craton is pushing
agairmt EwropefAlftica

le

Shong Compression on the southern
=side aof the Angara Craton , causing
the Altaid magmatic fronks & e HP
E UHP arogens

Ejectalmpulze Pey
accelerates Africa

away from Burasia

FT-lmpact

Phase 3 :

Compression Paoint
-+ shrong Compression
causedby the
Russian Craton

Pivet Afica
Fairt




North-Pole Polar.Projection

Eanh’'s complete surface
area 1s shown

Bouth-Amme nea

Polar-Projection of South-Pole area
up to ~ 45° northern latdude -

Prepared by Harry K Hahn

Uglase - 9-10 206

Earth at the time of the PT-Impact Event -

The following maps show how our planet Earth probably looked at the time of the Permian-Triassic (PT)-Impact
iOn these maps, the arrangement of Earth's continents at PTI-time is based on impact structures which in all
probability were caused by the PT-Impact Event [ especially the CYC-, the BEC/PHC- and the WLC-Impact
Event & the Ejecta Rays (crater chains) R1-R4 were used as a reference ). And an Expansion Tectonics model
for Earth was used as hase for these maps. The FT-Impact Event caused the shown fracture pattern, which
triggered an expansion tectonics process on Earth. = Earth’s @ at the time of the PT-Impact : ~6500 -7500 km
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The Pacific Region 150 Ma ago, after the 2. magma eruption of the Cape York Crater
- After the P/T-Impact Event the Cape York Crater erupted at least eight times large amounts of magma

7~ The Pacific Plate during the 2. eruption
~150 Ma \ PT- RO \ :
~ 150 million years (Ma) before present b, ;
= - S Siberia ’
Prepared by P .T\ - i
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Expansion Tectonics amplified by magma eruptions from the CY-Crater caused the Pacific Plate

Evolution of the Pacific Plate :

e o [ i ~ 200-180 Ma
verview of the sequence of magma eruptions | . : ;
caused by the CYC over a penod of ~ 200 Ma \. L 170-150 M The Evolution of the Pacific Plate
- N VA, - x a
T Sl = shown at~ 100 Ma before present

9 defined (marked) area l'

L -a ©Of Earth's crust
e main vactor of Prepared by
magma eruption Harry K. Hahn
past magma "'
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current active
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China

future magma
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Australia

\L Extension ol “'?u-ﬁﬁ Ma
Evolution of the Pacific Plate : N RIS N 7
3 caused by the extension and the rotation of a of Earth’s crust 7’
large area of Earth's crust, caused by a number ”
of violent magma eruptions originating from the ~ ~ - A{.ﬂ‘ﬁ' 4'-' A“‘# FA 3 z.
Cape York Crater (CYC). The marked area was - - - {‘

initially accelerated by the impulse of the PT-|



The topography of the Pacific Region shows the traces ( & tracks ) of 2 8 eruptions from the CY-Crater
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Source Area Drift-off copies
D Path of .o of source area 1
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—#= Eruption Path Chronclogical erder (age)

of the " Drift-off-copies™
@' Eruption No.  of source area 1 (A1)

The small map on the right
shows the situation around O
the 3. or 4. magma eruption e ;
The eruptions started on the t At - :
north-coast of New Guinea : _ ﬂ,:‘?""u.. 140°E 160° 180° 160° 140° 120° 100° W
The larger map above shows the path of the source of the magma

eruptions (yellow dots on orange arrow). Today it is located near

the Fiji-islands. The source, a LLSVP resulting from the PTI- & CYC-

Impact, has formed another LLSVP-column (82) after the 1.eruption

Pacific Rise




Gravity Anomaly Map of Europe & Africa

- blue and green areas are negative anomalies > red and orange areas are positive anomalies

There are sets of linear structures (negative anomalies) visible which represent ejecta ray structures from the P/T-Impact

< éravity Anomﬁrﬂap 3 &f Gravity Anomaly Map of Europe & Africa
\LJ"-’""" Area which did not Bhe o

rotate back to Pos. 3 L :
% 1
"’" L el Spain s

/ weblink to :
world gravity anomaly map y

Prepared by
Harry K. Hahn

Trajectory of

Congo Impact Congo Impactor



R1 to R4 = are scondary crater chains
caused by the P/T Impact

Gravity Anomaly Map of Africa

- the blue and green areas
show impact-crater areas

- red and pink areas often
represent ejecta material _ »

M8 4
488

168
25
-11.T

4570
mGal

Bk of af JHM, Fig. 1H) Undesined apenng <fects are mins

L METHODOLOOY imiand by expandimg e gind up io 20 per comt of the iotal grid
As our main inferest i the depih of the crust-masntle boundary, il area We then caloulate the V. ¥, Z derivatives of the fillered granity
gravity data are first subjecied to a high-pass iibier using a [9H-km anomaly on a 025 grid (Figs [C, 1 and L) and use them as input
el e ke b remwee deep neantle soaces (Dbenwon 1974 b the 313 Fuder oxjusadfon,

A crustal thickness map of Africa derived from a global gravity field
model using Euler deconvolution
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Ejecta Rays R2 and R3 - Secondary Impact Craters ( crater chains ) are indicated by circles :

R3

Trajectories of the
PTI - Ejecta Rays

I

Oilfields North Africa Map :

Europe
Impact Event

g

Prepared by
Harry K. Hahn




A number of large craters caused by Ejecta Ray R4
are responsible for the formation of Arabia’s Oil-fields

: B W ‘T
'( Eigen-GL04C free-air gravity anomaly map )

-t |
- |
|
I
4 Arabia I ‘
: | The gravity anomaly map shows that four
- ’ > B 249.4 large impact craters separated (cracked) the
’F : [« 488 Arabian Peninsula into three crust-fragments
"‘ . :~' 16.8 The Southern Fragment is only connected on
! - - . : 0 & ist western end to the Arabian Shield area.
0 - * The Eastern Fragment is only connected on
- i »+* eastern .q1 7 . . .
* l - L] _ ) fragment ist northern tip to the Eurasian Plate.
| 'ﬁ' ' et 1570
i# - . R mGal Inner- & outer
« aars iy '( ’ | Crater-Ring
' neert s‘t;uthern fragment
. : : The clear visible double-ring crater
']

structure  probably represents
deeper layers of Earth’s crust which
slowly drifted south-eastward away
from the original impact site,
together with the lithosphere and
asthenosphere underneath.




The GEO|Ogica| Map indicates the original Orientation of Fig. 2. Preliminary hasement depth map of the Arahian Plate, showing th

increasing thickness of Phanernzoic -Rocks away from the exposuire of
Precambnian iocks in the Arabian Shield

the crust-fragments which were caused by the PTl-event -

% i ,MvJ -m;: "\ @ 2 ', ﬁﬁeulugical Map
TP W = fis .

Phanerozoic Rocks — Thickness Map
B . - ]

6l Ao

i
o
)
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Cracks caused during
the rotation-away of
the Southern Fragment

=4 11
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southern fragment
The red marked area is still part of the original Arabian
Shield. The extensive fractures in this area were probably
caused hy the impacts | secondary impacts from the PT-
impact ) and by divergent movement of the crust fragments.

y ' & rotating
divergent B ik & movement

movement

The cracks in the Phanerozoic Base-Rocks indicate
the motion and separation of the Southern
Fragment. Along one of these cracks the largest

@ FivotPoint of o o known oil-field (Ghawar) formed. H2, H20 & CH4
crust fragment ,
A released from deep layers of Earth’s crust probably
Original connection supported the development of the large oil-field.

point of crust fragment



The large oil-fields of Saudi-Arabia are a result
of the environment and the divergent tectonic
#24_ motion caused by the (P/T) Impact Event

Gravity Anomaly Map —Arabia

-

il Ghawar
Oil-Field
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Section
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157.0
mGal

\. \ = , ‘Li

eastern
fragment Cracksin the Phanerozoic rocks are linked
’ ﬂ‘-' —N\ to the formation of the large oil-fields
Impact Craters Oil-Fields of Saudi-Arabia .
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4 - southern fragment Y , -
1‘{ iy il
— o - ml-\. wlw
Section A-A‘ B B A
A (west) SALIDI ARABIA A (east) I -y "'" s [ s
B Ghawar Dukhan QATAR-SOUTH e T i § ¢ .
antcling anticline FARS ARCH L= Q_'[ J
sl - ; sl -
l-—-. 4
|
# N o 2 000 [P I-_"’\ ‘ll
Vg S, ,'t
A O b=a oo0 \
[T
;:;Lx__\ _:}__\ s [a—— \
".I."u. e
[ RS |
},t Y~ Ghawar Oil-Field g L coo g
il n?ﬁﬂﬂ?m"ﬁmm J—— N




Linear gravity anomalies in Europe, North-Africa & -America indicate PTl-ejecta-ray structures

- the Great Lakes in USA are probably also a result of impacting ejecta from the PTl.  area which did not - ]
rotate back to Pos. 3 i /
Gr_awty Anomaly Map showing Europe & North-America Caused by the impulse of the s J ..ﬁ
(with Great Lakes marked ) ~200 Ma ago _ _ LA 'ﬁ. - — | ¢
Ejecta Rays R1-R4 the African V... Wl > T .

Plate rotated from position 1
to position 2 ( =2 see sketch ).

But because Africa was still *
connected to Eurasia it later F'}
rotated back to position 3.
But the majority of Spain and

P ek the ocean floor west from

» Mlﬁhlgan - € :

. *E.m!)

Spain did not rotate back to
position 3 anymore.

Detail View
Spair] / Gibraltar

.

. Florida
only for
Refarence

The set of gravity
anomalies marked
by the red lines
indicates the crust
area which did not
rotate back to Pos3 &
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Gravity Anomaly Map of Europe & Africa - Tectonic Evolution of Europe after the P/T-Impact

-~ -

- the linear blue areas on the gravity anomaly map ( on the left)
indicate the impact crater chains caused by the P/T-Ejecta

*
/-'_'—‘ ¢‘

*
_.+" Ejecta Ray R1

b' - — 3 I :E T
Tectonic evolution of Europe after the —
impact of the P/T-Ejecta Ray R1 : o=

|South West Europe
253 Ma ago (P/T time)

_H‘i‘"‘. . ¥

The drawings No. 1 to 3 show were

Impact scene diractly

ejecta material ( thrown out of the P/T = “;'a Y N { after the impact of
Impact Crater ) impacted in Europe S~ 65 TR Zocta from PiT-Impact
~253 million years ago. This ejecta s '"‘an
material ( impactors with $10-20km) | 7~ - -

formed chains of secondary craters |[South West Europe today| | '/~

with @150-200 km. These craters
formed the original ocean basins.




A multiple Impact Structure with the dimensions 1200 x 850 km has formed the Congo Basin

- the complex impact structure probably was formed by a large comet or asteroid which collapsed just before impact

Trajectory of

25
A1.T
4870 _ A : Geoid
mGal = deformation

(A) EIGEN-GLO04C free-air anomaly. caused by the

Bk of af JHM, Fig. 1B Undesined apenng <fects ane mins Congo Impact Crater

I METHODOLOGY imioad by expamdimg e gind up 1o 20 per cemt of the total grid
As our main inberest i the depih of the crust-masntle boumdary, il area We then caboulate the V. ¥, Z derivatives of the fillerad pravity

gravity data are firs subjecied to a high-pass fibler using a 100-km anomaly on a 025 grid (Figs 1, 1 and L) and use them as input
cufl=0lf o lemjgth bo penwne déep nianlle soarces (Dbenaon 1974 o thee 31 Euder exusation,

A crustal thickness map of Africa derived from a global gravity field
maodel using Euler deconvalution

Getachew E. Tedla,"* M. van der Meijde,! A. A. Nyblade®® and F. D. van der Meer'
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! Deparement of Goociences, Pramiyhvania Srave Universiny, Universiey flard, PA 16800 L84
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The impulse of the Congo Impact in all probability caused the final break-up of Gondwana

= under consideration of a sudden induced impulse into Earth’s crust the impact probably happened 200-150 Ma ago

butterfly
gjecta
structures

| Gravity Anomaly Map 2

Congo Impact Impulse between 180 Ma and 150 Ma

(B) High-pass filtered gravitly anomaly map

“
1 kY

Fig. 5.8 Reconstruction of plates around the Atlantic
from 180 Ma to present in a fixed horspot frame of

reference (redrawn from Morgan, 1983, with permussion
froum Elsevier)



Orientation of the African-, Indian-
and Australian-Plate at the time of
the (P/T) Impact Event

- the orientation of the continental plates
as shown on the topographic map, is
based on identified eiecta-rav-structures

Impact Scenarioc of Victoria Lake Crater (VLC)
& Ejem [mpﬂttcl’mr {E“:’ . side view of the
_ 2= BT impactor i _ Victoria Lake Impact : P-T
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ot t NN
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VLC ey f i ks

\_ Trajectory of
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impact Event

X

Red Sea Impact Evant

Magnatic Anomaly Map
of the VLC-Ejecta Impact
Crater |-} Iron-Ore Deposits)
~ @ 250 x 200 km
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The Red Sea “Rift-Area” was caused by a Crater Chain of 2 3 craters with @ 100 to 150 km

- Along the coast-lines of the Red Sea many secondary impact structures from the craters can be identified

| satellite Map Ve o “southern

fragment

The Red Sea Impact Event occurred from SE to NW

It seems that large secondary impactors which were ejected
by the Bengal Bay Crater have caused the crater chain and
the resulting crack & rift-area which has formed the Red Sea

Perslan Gulf
Impact Event

X

Red S5ea Impant Event

LT

bt

_ﬂr a

JFV

Eject,a i “", ,‘ .ﬁrnblu
= H.“ e \V . Ejecta
'; ;t:]ll..bl'.:h: .".-!" ¥ '4? & I .
-".- _I ‘.l F
The secondary impact structures f}ﬁ” ' Afri
i i formed by three effects : s .
The modified satellite map shows wereto y - Trajectory
the impact area some time after the impact 1.) by the ejectafrom the .-’-_‘.* of impactor

. India
craters (red arrows) L

% 2)) by seismic shock-waves !
-"'-». (green), and

. Victoria Laka

-l"

Mn-dlﬁed Satelllte Map g\Jtherﬁ‘._ ‘ 3.) by the atmospheric
-l A g_memr*-”"- ‘.g& blast caused through
I ' R the impact event

o s - (yellow arrows)

= Main diremnn of tl'u: atmﬂspherb: blast

L i 1 1 -] : I- l'll-ll-ﬂd h? the Red Sea Imm Event L ! “'!1‘.{ I.'L. Rt




The Victoria Lake Crater (VLC) - A result of Ejecta-Ray R4 of the PTI Maznetic Anomaly Map of LC

W1 iy -
oo -'.II-'
A
'l ;'..

H* Y Ejecta Ray R4

Note the elliptical
erater-wall sections
which indicate an

VLC-L oblique impact
VECEIC
[Ffrctin bmpadt Cratier) e - Madagascar

e 00 e Fiiar

The Victoria Lake Impact (VLC) produced two
strong “ejecta wings” or ejecta rays (VLC-R &
VLC-L) and a Central Ejecta Ray (VLC-C) which
caused the Iron-Ore Deposits in South-Africa

- see Ejecta Impact Crater (EIC).

The crater-wall sections (red) indicated on a _
Magnetic Anomaly Map, and fitting in a perfect v N ir ey s O Madagascar
ellipse, are a first proof for the VLC. ' T o

(.t’m;.:h carthn




. . . . VLC-C2 : Kathu : > Iron-Ore Mines :
The impact of ejecta from the Victoria Lake Crater caused e.g. Sishen Mine 30km from Kathu is on of the largest

the Iron_ore deposits in South _Africa Iron-Ore Minesinthe world. Lump ore is extracted from

a large Hematite ore body hosted by a Lake Superior-

> The Ejecta Impact Crater (EIC) , caused by the iron-rich ejecta of the e banded iron formation (BIF) called Kuruman

i i ) ) ) ) Formation (see also > manganese field ). The lump to
Victoria Lake Crater (& PTI) was partly filled with molten ejecta-material fine ratio of the Sishen ore is 60:40. The ore body
which then flow in a south-westward direction out of the crater. measures approximately 1akm long, 3.2km wide and

400m deep.
- see tongue-shaped flow-structure near Kathu ( Iron-ore mines )

VLC-C2-1 : Postmasburg : > Iron-Ore (Hematite),
Manganese Ore, Diamonds, Asbestos

Magnetic Anomaly Map of EIC

~ ““Tongue-shaped
/52 flow structure

| Outflow
from :
crater



https://en.wikipedia.org/wiki/Kathu
https://en.wikipedia.org/wiki/Sishen_mine
https://en.wikipedia.org/wiki/Hematite
http://www.sciencedirect.com/science/article/pii/030192688490069X
http://www.sciencedirect.com/science/article/pii/030192688490069X
http://wwwu.edu.uni-klu.ac.at/mmessner/sites/rsa/kuruman/kuruman.htm
https://en.wikipedia.org/wiki/Hematite

Ejecta from the PTI-Crater has formed the linear west-coast of India and the Bengal Bay Crater
- The Iron-ore deposits near Sandur and the Maldives are secondary impact structures of the Ejecta Ray R4

o

Satelllte Image uf Indla

-

Iron-0Ore Mines
near Sandur

/‘ ”
Crater R4-8 l \'r{m W
~ @120 km / \\. u-::\_
| b

Mumbai Crater

~@25km \ Tt - oy b Bengal Bay Crater
: " 4—— ™ @450x380 km

e e [ possible location of a later

/f/, Fy T ~._  Eigantic shicld volcano )
ff y - T
EjectaRayR4 & Trajectory

of P-T Impact Event _ of Impactor Left

Ejecta Wing | B
-
Right

Ejecta Wing
Dafa SID NOAA U'S Navy NGA GEBCO - i

Ha 1y K. Halm

mage Landsat prepared by
Harry K. Hahn
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India's Iron-Ore-Reserves are the result of Secondary Impacts caused by ejecta from the Mumbai Crater, the BBC and the P-T Impact Crater in general

R4-X-4 to R4-X-7 : : 30 km long drop-shaped Ray-like imphct ) i
' r Ay Impact Structura : Structisr : { Mettantag
Twa seeandary Impact Structures causeq by Ejecta Rays !

I | it Tra|gctory
l‘ YR y ¢ ol ol iIron-rich
¢+ m ol 1. Impacior
\
Trajectories of the ——=
Ejecta Rays é

P Mote the dark colored
ray-like structure, The
iran-are rich mate rial
of thiz riy-ilke
shructure was & jected
fram an impact crater
near Mumibas

drop-shaped —%

Impact Structure

rich in lren-ore & : s EE Lo

other metal ores 4 Rt 5 There is clear indication that the lron-

Ore Deposits near Sandur in the Ballari
District are ejecta material which is
originating in the Mumbai Impact Crater

The drop-shape wof the

mountain range HIUUHI{
e Sandur (=* iron-ore deposits),

its exact orientation and the

visible ejecta ray near Gadag

lead to the bay near Mumbai.

This leads to the logical
conclusion that the bay of
Mumbai must be caused by an
Impact Crater, which was
formed by an iron-rich
impactor probably originating
fram the PT-Impact Event.
Coogle B (ERRMIEER | this can be concluded from
the probable trajectory of the
Ballari District is rich in mineral resources. It contains 25% of India's Iron ore reserves. It has both metallic and non-metallic minerals. The metallic Impactor which caused the

minerals include iron ore, manganese ore, redoxide, gold, copper and lead. The non-metallic minerals include andalusite, asbestos, corundum, clay, Mumbai Impact Crater )
dolomite, limestone, limekankan, moulding sand, quartz, soap stone, granite and red ochre.




A 9450 x 380 km elliptical Impact Crater has formed the Bengal Bay in India

- This impact crater which seems to be a large secondary crater of the P/T-Impact Event probably started
the break-off of India from Australia starting around 250 Ma ago. Strong Ejecta Rays of the @450x380km
crater caused cracks in Earth’s crust which defined the linear eastern coast-lines.

This was the thirth Crater which | discovered. Directly after that | discovered the PT-Crater on Google Earth

Grawty Anﬂmaly Map | ~ Elliptical crater © 450 x 380 km in India
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The gravity anomaly map of India clearly shows the linear impact track of Ejecta Ray R4

> Thenegative (blue-colored)linear gravity anomalyalong the west-coast of Indiais a result of Ejecta Ray R4
from the P/T-Impact Crater. And the negative lineargravity anomaly east of the Bengal Bay Crater (BBC)
was caused by a strong ejecta ray which was ejected by the Bengal Bay Crater (BBC).

Gravity Anomaly Map

prepared by
Harry K. Hahn




The separation of India and Australia from Africa was caused by Ejecta Ray R4 ( >from PTl)

The powerful Ejecta Ray R4 caused an immense crack in the Super-Continent Pangea which defined the eastern border of the African
Plate on one side and the western border of the Indian Plate and the Australian Plate on the other side. Another large crack in Pangea’s
crust was caused by the Bengal Bay Impact which defined India’s western border & Australia’s NW border and started their separation
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https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Australia

A @ 400 x 350 km L —— S Grawty Anomaly Maps 18&2

¥ Trajectc:-ry of

Impact Crater in
NW-Australia :

The shown gravity
anomaly structure.. "%
was caused by the
same crater which
formed the Bengal
Bay in India !

Gravity Anomalies also
indicate a @ 420 kmj:s~ Sy
Crater in South-West [} it
Australia IR




The gravity anomaly structure of the 3400 x 350 km Impact Crater in NW-Australia:

Note the precise crater-wall shape
on the marked fragment !
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Here for comparison the original map



The main ejecta-rays of the @ 400 x 350 km Port Hedland Crater (PHC) caused massive cracks
in Earth’s crust

- the cracks in Earth’s crust are indicated by linear negative gravity anomalies ( blue )
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Gravity- & Magnetic Anomalies indicate a @ 420 km Crater in South-West Australia

the circular (bow-shaped) structures indicate the crater. The linear features indicate strong ejecta-rays (-wings)

GraV|ty Anomaly Map Magnetlc Anomaly Map

__ : Note the semi-circular structure
e Breparcd oy Py K. Wahh on the ocean floor !

‘..Il‘% e

The image shows a gravity anomaly map of Australia
and a topographic map of Antartica, arranged to each
other so as they were ~200 Ma ago ( at Pangea time ).



A @ 840 x 630 km elliptical ( oblique ) Impact Crater i T g
in the center of South-America( > Pantanal Area) |
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Topographic Map of the @ 840 x 630 km Pantanal Crater

The detail marked in blue shows a still existing section of the crater-wall of the
elliptical impact crater. This crater-wall section shows a triple wall-structure
caused by the strong compression of this crust area during the impact event.



ComplexImpact Structure ( > &30 km Crater ) near Port Hedland in the Pilbara Region ( in NW of West-Australia)

The satellite view, the magnetic intensity map and the geological map indicate a complex impact structure near Port Headland ( in West-Australia ), which
probably was formed by secondary impactors ejected by a large asteroid impact crater further away. This impact structure must be > 200 Million years old.
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https://en.wikipedia.org/wiki/Hamersley_Range
https://en.wikipedia.org/wiki/Goldsworthy,_Western_Australia
http://www.permiantriassic.at/
http://www.permiantriassic.de/
https://en.wikipedia.org/wiki/Pilbara_Craton

