
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract :  
 

This is a supplement document to my Summary of geophysical evidence for the Ø 1270 x  950 km Permian Triassic (PT)-Impact Crater   (  see Part 6b of my hypothesis ) 
The purpose of this document is to point-out the main geo-physical features visible on our planet Earth, which were directly caused by the Permian-Triassic Impact Event (PTI). 
   

A precise comparison of the real PT-Crater topography with a computer-simulated topography indicates a Probability > 99,9999725 % for the real existence of the PT-Crater !  
   

With this additional proof I support my hypothesis and provide a stronger case for further scientific research regarding the discovered Ø  1270 x  950 km PT–Crater. ( see page3-8 ) 
   

The expansion of Earth’s mantle after the PTI probably was caused by phase-transitions of minerals in Earth’s mantle, caused by the Pacific- & African-LLSVPs,  a result of the PTI. 
   

Further I want to inform the interested reader about two other possible impact-structures on Earth, which I believe are a result of the global PT-Impact Event too. 
 

The first structure seems to be a “smaller twin” of the PT-Impact Crater.  It is the Tarim-Basin in North-West China.  The Kunlun Mountains around it indicate an age of 250 Ma  ! 
The Tarim Basin has an approximate elliptical shape with the dimensions of ≈ 900 x 400 km (  see page 7 & 8 ). This basin probably was formed by a second impactor that 
impacted in-line with the main-impactor which has caused the PT-Impact crater.  Or in other words, the impactor which has caused the Tarim Basin in all probability was on the 
same orbit (trajectory) as the PT-Impactor, during the PT-Impact Event, either a bit ahead or behind of the main-impactor. 
The 900 x 400 km elliptical Tarim Basin probably had a shorter elliptical outline of around 750 x 500 km shortly after the  PT-Impact, but was then deformed (squeezed) later. 
 

If we use the double-oblique elliptical impact crater-twin on Mars as a reference ( see explanation in this study ), then the Tarim-Basin Impact was caused by a similar effect as 
the smaller oblique impact crater of the Mars-Impact, which is located in-line with the bigger oblique impact crater but a bit uprange ( ahead ) of the main impact crater. 
In the NASA-study about this double-oblique impact on Mars, as reason for this double-impact, the probable collapse ( break-up into pieces ) of the impactor shortly before the 
impact was mentioned.  This collapse ( break-up into two pieces ) of the impactor just before the impact in all probability was caused by atmospheric effects ( e.g. by th e 
atmospheric impact-shock-wave which hit the impactor, and atmospheric drag etc. ).  Initial cracks inside the impactor probably already occurred when the impactor reached 
the “Roche-limit” of Mars ( the point where gravitational forces start to rip the impactor apart ).    In the case of the PT-impactor the situation probably was very similar ! 
 

The other possible impact-structure which I want to describe is the 41 x 32 km elliptical shaped F’derik Zouerate district Iron-ore mine in Mauretania (NW-Africa ).  page 12 
It is located in a dark colored area which contains Fe-rich minerals. This iron-rich area has an outline which can be fit precisely into  an ellipse !  That‘s why I believe that this  
iron-rich area is the result of a secondary- or tertiary-impact in the PT-Ejecta Ray R1, which was caused by the PT-Impact Event and which runs along the NW-coast of Africa. 
 

All parts of my PT-Impact Hypothesis + images of Rock Samples  
& Sample Sites are available on my website :   
www.permiantriassic.de  ( or :  www.permiantriassic.at ) 
 

            

  The Ø 1270 x 950 km Permian Triassic Impact Crater    Supplement 1 to the  geophysical evidence ( Part 6b ) 

                                  Please also read :   Part 1 to Part 6  of my PT-Impact Hypothesis         -          more infos at :  www.permiantriassic.de    ( or :  www.permiantriassic.at ) 
      
    

                                             by  Harry  K. Hahn  /  Germany  -  30.12.2022   ( update from 20.3.2023 / new pages: 2,7,9,13,15 )   -   Note :   This document is not allowed for commercial use !  
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Summary to the additional proof for the PT-Impact Crater : 
  

The Ø  1270  x  950 km Permian Triassic Impact Crater on the ocean-floor of the Arctic Sea is real, there is no doubt !  
The evidence for the Impact Crater is very strong.  Especially the comparison of the real topography of the left-side  
(the west-side) of the Crater with a Computer-Simulation of an oblique (shallow) Impact-Crater that was caused by an 
impact-angle of ≈ 5° to 8° provides strong evidence for the  existence of the PT-Impact Crater.   (  see right image ) 
 

I have marked 10 Topographic Features on the real PTI-topography that are nearly identical to 10 features of the 
computer simulated oblique impact (  1 - 10 on the map ). Because the 10 topographic features are nearly identical and 
because they appear in the same sequence from left to right the probability for the existence of the PT-Crater is very high !  
A simplified probability consideration by using 10! , the factorial of 10, indicates that the Probability is > 99,999975 % for 
the real existence of the PT-Crater !  ( see also page 5 ). If other properties of the topographic features would be 
considered, for example if it is a positive- or negative-anomaly, or if the  position of the features in reference to the middle 
axis of the crater is the same etc. , then the probability for the existence of the PT-Impact Crater is even higher ! 
Beside the topographic features there is even more proof coming from gravitational-anomaly- & magnetic-anomaly maps. 
 

If we now realize that the PT-Impact Crater really exists, and that the “Plate-Tectonics“ which was taking place on Earth 
during the last ≈ 252 million years obviously was caused by this powerful impact event, then we have to answer the       
next question :  What process has caused the obvious expansion of Earth’s mantle that was caused by the PTI ?     
 

Because, if we look at the Arctic-area where the PT-Impact Event took place then we clearly see strong expansion of 
Earth’s crust in this area !  All crust-fragments caused by the PTI clearly moved away from each other ! And that’s not all ! 
We can see global expansion tectonics which was triggered by the PTI !  In Part 1 of my PTI-hypothesis I have described 
how the whole Pacific-Plate obviously was caused by an expansion tectonics-process that was triggered by a powerful 
impact-crater chain in NE-Australia.  Massive amounts of Ejecta-material from the PT-Impact impacted in the NE of 
Australia and caused the Ø 320 km Cape-York Crater and other similar large secondary-craters along a large crater-chain.      
   

I believe that the massive ejecta-material of the PTI that impacted in NE-Australia descented into Earth’s mantle and 
caused the Pacific-LLSVP. The LLSVP is a large volume of hot material in Earth’s mantle near the CMB (core mantle 
boundary). The Pacific-LLSVP was caused by the left ejecta-wing (ejecta-blanket) of the PTI.  And the African-LLSVP, the 
other large volume of hot material in Earth’s mantle, was caused by the right-ejecta wing of the PTI. ( see image below ! )  

 

 

For a long time scientists already suggested that the two big LLSVP-areas in 
Earth’s mantle were caused by a giant impact event. The PT-Impact Event 
can now explain the two large LLSVPs in a very logical way by the two 
gigantic ejecta-wings that were caused by the oblique PT-Impact Event.   
 

This hot material in Earth’s mantle (  red marked in the left image ) has 
obviously caused the strong expansion of Earth’s mantle in the last 252 Ma 
 

How the strong expansion of Earth’s mantle was caused by the two major 
LLSVPs, which are the result of the PTI, needs to be analysed now ! 
To explain the strong expansion of Earth’s mantle the volume of Earth’s 
mantle must have expanded by  a  factor in the range of ≈ 7 to 12 !        
Water in the mantle probably played an important role here !  (  see page 9 )  

It is possible that Earth’s mantle originally was formed mainly by Enstatite ( MgSiO3  ), a major component of Enstatite- 
meteorites , and Water ( H2O ), which then formed more-dense- & more-compact-hydrous-minerals, over time under 
higher pressure , which were stable inside Earth’s mantle over a long time.  Then after the PT-Impact which caused a 
global fracture-pattern and a decompression of Earth’s mantle and the hot LLSVP-areas in the mantle,  these compact 
hydrous minerals disintegrated and/or passed through phase-transitions and caused a many times less dense  mantle  !      

 see also  
Appendix A 
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 western Edge of 
 the Angara Craton 

 Ural Mountain  
 Range 

 Detail 

Crater area shown without the angle sector of Earth’s crust 
that openend-up caused by a Crack & Expansion Tectonics 
 

 Front-End of the PT-Crater 

(  northern edge of the Siberian Traps ) 

     Ø 1270 x 950 km 
    PT – Impact Crater 

 Detail : 
 

Global view of the PT – Impact Crater area :    important topographic features & trendlines are marked on the images 
 

    PT –Crater 

    PT –Crater 

Manipulated 
Topographic 
map 
 

    PT –Crater 

Tarim Basin  & 
Kulun Mountains 
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Note the strong similarity of the structures visible on a topographic map of the PT-crater-area, to structures calculated 

by a computer simulation of a big oblique impact : 

The reason why the elliptical crater-rim on 
the right-side of the crater is missing, was a 
crack in Earth’s crust that opened up and 
expanded after the impact event ! 
  

A bow-shaped feature similar to the “Brooks 
Range“ also existed on the right-side of the 
PTI-Crater. But because of the mentioned 
crack and because of expansion tectonics 
this bow-shaped feature broke-apart into 
fragments. These fragments in all probability 
are the following canadian islands today : 
Ellesmere Isand, Axel Heiberg Island and 
Devon Island in North-Canada 
 
most impressive indication (proof) for the 
PT-Crater is the strong similarity of the 
structures visible on a topographic map of 
the crater-area, to structures calculated by a 
computer simulation of an oblique impact 
with an impact angle of around 7 to 8 degree 
 

The real PT-Crater topography  

The “Brooks Range“  
was caused by the PT-Impact 

An age-analysis of the  “Brooks Range“  
indicates a formation-age of  ≈ 252 Ma 

Computer Simulation of a  
5° to 7° (degree) oblique impact     

Manipulated PTI - topographic map 

This map  illustrates  the strong similarity   
of the real PT-topography to the structure 

calculated  by  the  computer  simulation ! 
   

In this image I have mirrored the left-side 
of the real PT-topography to the right-side 
of the crater to create a symmetrical image 

  Weblink to this analysis  

  Weblink 1 
     Weblink 2  

Prepared by 

Harry K. Hahn 

  Weblink to the topographic map  

 Right side of peak at 252 Ma !!! 

http://pages.geo.wvu.edu/~jtoro/Research/shrimp/shrimp.htm
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013JE004477
https://meetingorganizer.copernicus.org/EPSC2010/EPSC2010-73.pdf
https://www.researchgate.net/figure/Topography-and-Bathymetry-ETOPO-1-Amante-Eakins-2008-of-the-Circum-Arctic-Region_fig1_270633137
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Note the Bow-wave structure at the 
front-end of the PT-Impact Crater  
(   now the Northern-Edge of the 
   Siberian Plateau ( Siberian Traps )) 

 3 

 

Alaska 

 Brooks Range 

Siberian 
 Plateau 

Satellite Image of the  

bow-wave structure 
( Detail – contrast-enhanced ) 
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10 different Topographic Features of the PTI : 

The left side (east-side) of the real topography of the PT-Impact Crater was mirrored to achieve a symmetrical image of the original PTI-Crater as it 
looked like shortly after the Impact. (  Because the right-side of the Crater was strongly deformed after the impact caused by expansion tectonics )  
The real PTI-Crater topography then was compared with a computer simulation and a first assessment of the probability of the real existence of the 
PT-Impact Crater was made : 
 

Comparison of the real Permian-Triassic  Crater-Topography with a simulated topography & Probability Considerations 

Ø 1270 x 950 km 

    PT-Crater 

1  - 

2  - 

3  - 

4  - 

5  - 

6  - 

7  - 

8  - 

9  - 

10 - 

 

 

Bow-structure 1  ( Brooks Range ) (positive) 

zigzag Ridge-structure 1  (positive) 

nearly Elliptical-Crater-structure  (negative) 

Bow-structure 2  

Linear-Structure 1  ( positive above crater ) 

big Bell-shaped structure 1  (negative) 

small Bell-shaped structure 2  (negative) 

Bow-structure 3  

Bow-wave structure       (positive) 

Hook-shaped structure  (positive)  
  

                negative (blue) / positive (orange/brown) 

 

Topography :  

Note  : In mathematics the factorial of a non-negative 
integer, denoted by n! , is the product of all positive 
integers. Factorials are used in probability theory and 
in combinatorics, e.g. to obtain results concerning 
finite structures  ( e.g. to assess probabilities ). 
  

( e.g. :  10! = 1x2x3x4x5x6x7x8x9x10 = 3 628 800 ) 

I marked 10 Topographic Features on the 
real PTI-topography that are nearly identical 
to 10 features of a computer simulation of a 
5° -  7° oblique Impact Event of a big impactor.  
 

Because the shown 10 different features are 
arranged in the same linear sequence !, 
the probability that the PTI is real is very high 
 

The probability of the PTI is > 99,9999725% ! 
 

The chance that this is only a coincidence        
(  happened by chance ) is only  1 : 3 628 800  !! 
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The PT-Impact caused a crack in Earth’s crust , that was caused by tension- & shear-stress 

 Because the PT-Impact Crater was 
caused by a large asteroid or comet 
in the Ø 50 – 200 km range the 
inertia of the impactor played an 
important role during the impact. 
The immense mass of the impactor, 
probably ≥ 500 trillon tons ( 5x1014 t) 
deccelarated Earth’s crust on the 
left side ( west ) of the impact site, 
during the crater formation  
which took around 120 sec. 
 
 
 

Because Earth rotated around 0,5° 
during the crater formation there  
was tension- & shear-stress building-up on the right side (east) of the 
impact site. This has lead to a large initial crack in Earth’s crust in 
particular on the right side of the impact crater. This crack in Earth’s 
crust quickly opened-up during the later Expansion Tectonics process. 
The formation of the crack(s) was supported by very strong ejecta rays 

PT-Crater topography  
The initial cracks in Earth’s crust are 
marked with full green-lines on the map  
 

NP  

SP  

Earth’s 
rotation 

Impactor 

Trajectory  
   of  the   
 impactor 

crack 
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Ellesmere Isand, Axel Heiberg Island and Devon Island  
in North-Canada 
   

 These islands in all probability represent fragments of a 
„bow-shaped“ feature similar to the „Brooks-Range“ that 
existed on the right-side of the PT-Crater directly after the 
impact event.  (  this bow-shaped feature broke-apart in an 
expansion tectonics process after the impact event )  
   

The reason why the elliptical crater-rim on the right-side of the 
crater is missing, was a crack in Earth’s crust that opened up 
and expanded after the impact event !    ( see map above ) 
 

 

 Crack  
 

 formed during the Impact 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

large amounts of iron-rich      
ejecta probably supported the 
formation of a crack in Earth’s 
crust on the right-side of the  

PT-Impact Crater 

The gravity anomaly map & magnetic anomaly map provide clear indication for the PT-Crater 

 

Angle Sector of Earth’s crust 
that openend-up because of a      
Crack  &  Expansion Tectonics 
(   Crack probably was caused  

       by tension- & shear stress 
      and by a strong Ejecta Ray )  

  Weblink 1  
        Weblink 2 
        to the map 

  Weblink 3  
  to the map 

 

https://images.app.goo.gl/9uDsyCZVwWHwhYGeA
https://www.researchgate.net/figure/Arctic-gravity-anomaly-map-left-and-geoid-anomaly-map-right-Both-extracted-from_fig27_301221462
https://www.researchgate.net/figure/World-Digital-Magnetic-Anomaly-Map-WDMAM-The-thumbnail-at-the-bottom-illustrates-the_fig3_226278737


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

In order to explain the expansion tectonics-processs which obviously was started by the PT-Impact on Earth, 
we have to identify the thermochemical process and the substance(s) inside Earth’s mantle, which are responsible 
for the considerable increase of the volume of Earth’s mantle since the P/T-boundary (  ~253 Ma ago ). The heat-
sources responsible for the expansion of Earth’s mantle are the Pacific-LLSVP & African-LLSVP which probably 
were caused by big amounts of molten Ejecta-material from the PT-Impact which descended into Earth’s mantle 

I believe that beside minerals made of Mg, O & Si  Water (H2O) plays a major role in the expansion of the mantle  ! 

There is indication coming from different sides for this assumption : Water vapour is consistently the most 
abundant volcanic gas, normally comprising ≥ 60% of total emissions. Water is constantly released into the 
world’s oceans along the 65000 km long mid-ocean-ridge-system either as hot water >60°C or as a supercritical 
fluid with up to 464°C. ( In my opinion the most logical process that created and still is filling Earth’s oceans ! ) 

The 12 km “Kola super-deep Borehole” showed that at depths >7 km the rock is extremely fractured and that it is 
saturated with  H2O & Hydrogen  from deeper sources, which means this water is coming from Earth’s mantle !  
 

Different studies indicate that Comet-Impacts are not the source of the world’s ocean water ! (see: Study1,Study2) 
A new study showed that EC-meterorites may have brought to Earth > 3-times the mass of Water in it’s oceans 
Jupiter’s moon Ganymede, which also indicates global expansion tectonics, may provide some answers !  
 

 

 

Water in Earth’s mantle caused World’s Oceans and it supported the expansion tectonics process after the PT-Impact 

 

 

  

 
 The phase-diagram of Water ( H2O ) 

Expansion    
  Tectonics 

Old Crust- 
fragments 
(brown) 

geological 
younger areas 
(blue colors) 
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The mid-ocean-ridges, the spreading-centers of the seafloor of the world’s oceans, have recently become the focus of an investigation into 
possible links between the deep Earth ( Earth’s mantle ) and the short-time-changes on its surface. Namely, whether mid-ocean-ridge-
volcanos either respond to variations in sea-level, or variation in the activity of the mid-ocean-ridge-volcanism may cause sea-level changes, 
and whether those mid-ocean-ridge-volcanism may influence the climate changes on Earth. (    see news-article : Reading the Ridges..) 
    Because scientists made an interesting discovery about the abyssal hills ( the ridges ) parallel to the central troughs of the mid-ocean-ridges  
  Note  :  The spacing & elevation of the ridges + valleys (  abyssal hills ) that ripple away from the mid-ocean-ridges seem to correlate with past 
changes in global sea-level and with past changes of Earth’s climate !!   The scientists believe that ice-age oscillations are the cause for that. 
But I believe that periodic changes in the activity of the LLSVP (  e.g. the Pacific-LLSVP ) in Earth’s mantle cause “pressure pulses” & expansion-
areas in Earth’s mantle which then lead to new parallel ridges along the mid-ocean-ridges and increased out-flow of water from the mantle  

Ganymede’s mantle probably consists of different layers of high pressure water-ice and liquid water. ( see images above ) 

Similar to Earth the surface of Ganymede consists partly of old regions ( 3 - 3.5 Ga old ), which are similar to the continents on Earth.  
The rest of the surface ( the bright areas between the “continents”) consists of considerably younger surface area.  And the obvious 
expansion-tectonics that took place on Ganymed in all probability was also caused by a global Impact Event , similar in results as the  
PT-Impact Event on Earth. My analysis indicates that the Ø153 km Gilgamesh-Impact probably caused a global fracture pattern and the 
following global expansion tectonics process.  (   please see pages 20 & 21 in Part 5 (or here : Part 5_hr) of my PT-Impact hypothesis )   

NASA-scientists think that tidal-heating-episodes caused expansion in Ganymede’s mantle by phase-transitions in the high pressure-ice 
that forms Ganymede’s mantle.   I believe that the Gilgamesh Impact caused this expansion & phase-transition !  
Similar to the PT-Impact on Earth, hot ejecta descending in the mantle + decompression-melting was the cause ! 
 
 

The phase diagram of water (Ice) at very high pressures & high temperatures shows a phase-change of Ice X to Ice-XVIII and 
then to Ionic-Water ( Ionic-Fluid ) at pressures of around ≈ 40 GPa to 130 GPa if the temperature increases by around 1000° K.  
Caused by the two hot LLSVP-areas,  Ice X in Earth’s mantle may have transformed through pase-changes into  Ionic Water. 
 

This could explain a big density-drop and a volume-increase of 50 – 100% for the water in Earth’s mantle.  In a similar way compact    
hydrous-minerals consisting of the elements Mg, O & Si may have increased the Earth-mantle-volume by a factor 7 -  12 by going through 
phase-transitions / and by disintegrating into less dense minerals, caused by the thermochemical processes started by the LLSVPs. 
 

(EC) = Enstatite 
Chondrite   
   

May have caused 
World’s  Oceans 
   

  See :  Study 

 
 

Ice-
XVIII Ice X 

Water 

see also Appendix A 

see also Appendix A 
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The Tarim Basin and the Kunlun Mountains in NW-China seem to represent an impact crater similar to the PT-Crater ! 
The bow-shaped Kunlun mountain-range on the 
west-side of the Tarim Basin in northwest China has 

the same “bow-wave shape“ as the northern edge of 
the Siberian Plateau ( Siberian Traps ).  The Britannica 
Encyclopaedia shows that the folded structures and 

the granitic rocks of the Kunlun Mountains date to 
about 250 million years ago !  Therefore I assume that   
 

 Satellite Image 

Kunlun Mountains 

Tarim Basin this bow-shaped 
range and the 
Tarim Basin were 
formed by the 
same global P/T-
Impact Event ! 
Like the elliptical 
impact on Mars, 
the Tarim Basin 
may represent a 
second impact 
that impacted in-  
line with the PTI. 
   
 

  1st Impact 
( main impact ) 

2nd Impact 

Yarkand  

river 

    Crater  
Ø ≈ 750 x 500 km 
 

 

 

For comparison :  front-end of the PT-Impact Crater  

 

 Detail 

 Detail : 
 The bow-shaped “Northern Pamir Muztagh Foldbelt“ 

may represent the front-end of another oblique PT-Crater 

  : Weblink1, Weblink2 

 

Second piece of a 
larger object which 
fractured in the 
atmosphere or at 
the Roche-Limit and 
impacted here 
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 Tarim Impact Crater (TIC) 

https://britannica.com/place/Kunlun-Mountains
https://en.wikipedia.org/wiki/Tarim_Basin
https://britannica.com/place/Kunlun-Mountains
http://www.sciencedirect.com/science/article/pii/S0019103508002236?via%3Dihub
http://www.planetary.org/blogs/emily-lakdawalla/2011/2894.html


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The gravity anomaly map of the Tarim Basin shows a strong negative anomaly (blue) 

This indicates that the Tarim Basin and the surrounding Kulun-Mountains (positive anomaly) 

were caused during the global Permian Triassic Impact Event  ( see explanation on previous page ) 

 Gravity anomaly map of the India-Himalaya region 

        See weblink :    Weblink 1,  Weblink 2 

 

       Tarim Basin 
       Crater  
≈ Ø 750 x 500 km 
 

Kunlun       
Mountains 

 

Gravity anomaly map of the Tarim Basin 
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https://www.gauss-centre.eu/results/environmentandenergy/high-resolution-gravity-field-modelling
https://www.gauss-centre.eu/results/environmentandenergy/geophysics


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The F’derik Zouerate iron-ore mine in Mauretania may have been caused by iron-rich ejecta from Secondary-Craters 

within the R1-Ejecta Ray of the Permian Triassic ( PT )  Impact Event 

 

 

 

The high-grade iron-ore that 
was mined in the F’derik 
Zouerate district iron-ore 
mine in Mauretania since 
1952 reached 60-65 wt% Fe ! 
   

Today the magnetite iron-ore 
comes from Algoma-type 
banded iron formations (BIF). 
The main host is magnetite 
quarzite layers within 
Mesoarchean granulite facies  
   

Granulite Facies are highly 
metamorphed rocks which 
were transformed under a 
pressure of around 1Gpa and 
temperatures of ≈ 700-900°C  
 

 

The F’derik Zouerate district iron-ore 
mine in Mauretania is located in a dark 
colored area which contains Fe-rich 
minerals ( high-grade iron-ore minerals ).   
This iron-rich area has an outline 
(shape) which can be fit precisely into  
an ellipse !   see image on the left ! 
(  even if the southern section isn’t visible  ) 
Therefore I believe that the iron-rich area 
is the result of a secondary- or tertiary-
impact caused by the PT-Impact Event.  
And the iron in the metamorphed rock 
was coming from iron-rich PTI-ejecta !  

   elliptical 
 Impact area  
Ø ≈ 41 x 32 km 
 

   Trajectory 

  of impactor 
 

F’derik 
Zouerate 
district  
Iron-Ore 
mine 
 

 

 
 

 

( slightly rotated   
  detail – impact   
  craters (blue) 
  marked ) 

 

 
 Detail 

 Detail : 
 

R1 
 

R2 
 

The gravity anomaly map 
indicates that the F’derik 
Zouerate iron-ore ( mine ) 
was caused by ejecta (red) 
from craters within the R1-
Ejecta Ray of the Permian 
Triassic ( PT )  Impact event 
 

NW - Africa 
 

Africa 
 

R1 
 

There are four (secondary) impact crater chains R1 to R4 visible on the gravity anomaly map of Africa, which probably were caused by ejecta from 
the PT-Impact. The ejecta rays which caused R1 to R4 originate in the center of the PTI-Crater !  The F’derik Zouerate iron-ore deposits probably 
were caused by R1 ! ( see also Part 2 of my study ) 

Gravity anomaly 
map of Africa : 
   

( with crater-chains  

  R1 - R4 marked ) 

 

Satellite Image 
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The phase diagram of water (Ice) at very high pressures 
& high temperatures shows the phase-change of Ice X 
to Ice-XVIII and then to Ionic-Water ( Ionic-Fluid ) if the 
temperature increases or if the pressure drops 
 

   Weblink :  to this  Phase diagram of water_Info 

  Ice-   
 XVIII 

  Ice X 

Water 

Diagram (  a ) : Comparison between input 
data and analytical fitted isotherms for Ice X , 
Ice-XVIII (superionic water) and liquid-Water 
in reference to  Density & Pressure  (  in GPa )  
   

Diagram (  b ) : and for the internal energy (  U ) 

Appendix A :  Phase-Transition Diagrams of Water / Ice   and other minerals in Earth’s mantle at high pressures and high temperatures 

Density ρ in ( g cm
-3

) :      1             2      3     4  5  6  7 

Here are some phase-diagrams of minerals which are believed 
to form most of the volume of Earth’s mantle. ( Earths mantle is 
composed of the elements O (43.7%), Si (22.5%), Mg (18.8%) 
and Fe (9.88%)). However it seems that Hydrogen (H) also seems 
to be present in a considerable share in the mantle-minerals, 
which then forms e.g. Ice X and Water during phase-transitions 

 

  Ice-   
 XVIII 

  Ice X 

Water 

   Weblink :  
to the study : 
Water/Ice 
density 
diagrams  
 

  Ice X Water 

Water 

  Ice-   
 XVIII 

 

Phase-Diagram of different 
hydrous minerals under 
lower mantle conditions and 
conditions up to the 
transition-zone. The stability 
fields of the hydrous minerals 
Srp_Serpentinite, 10 A-phase, 
phase-A , and the hydrous 
Wd_Wadsleyite and hydrous 
Rw_Ringwoodite, and the 
super-hydrous phases B & D   
are based on Ohtani (2004/05) 
Further the stability fields of 
hydrous  mineral  (MgSi)OOH)  
 phase H, and δ (AlOOH) 
estimated by Ohira (2014) is 
shown as dashed line. 
  see  Study 

Phase-diagram of Enstatite  (MgSiO3) 
modified from Pyroxene  
 

Note : The Perovskite-structure in 
Earth’s lower mantle is adopted at 
high pressure by Bridgmantite, a 
silicate with the chemical formula 
(Mg,Fe) SiO3 , (the magnesium end-
member),  which is believed to be 
the most common mineral in 
Earth’s mantle  

Phase-diagram showing the 
phase transformations of the 
minerals in the upper mantle, 
transition zone (MTZ) and in the 
upper part of the lower mantle.  
( down to ≈ 800 km depth ) in 
reference to depth ( in km ) and 
pressure ( in GPa ). 
The horizontal axis shows the 
share of these minerals. 
 ( 1.0 = 100%)  
 

At 410 km and 660 km depth 
major phase-changes take place 
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