The @ 50 km Archean Impact Crater ( Age >3 Ga) in the Pilbara Craton ( West-Australia) 71 A place where life on Earth started
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Abstract - Please note This document is not allowed for commercial ise

Themagneticanomaly and gravity anomalymap and geological maps indicate a very Ald0 km Impact Crater in the Pilbara Craton near Marble Bar / Western Aust
This impact crate¢structure) was formed by a large asteroid or com&agment) whictimpacted in the Pilbara Craton ( Western Australia) ap@e&5billion years (Ga) ago
Theimpactstructure, zhatprobably is connected to thBarberton Greenstone BelBGB Impact Erent which happened3.26-3.24 Ga agin SouthAfrica, may be responsibl

for the development osome ofthe first life-forms on Earth approximately 3.25 Ga ago ! The Geologist Andrew Y. Glikson pointed out, that there seearddarbmrreldaon
between theBarberton Greenstone BelBGB) Impact evenB.26¢ 3.24 Ga agin SouthAfricaand stratigraphic units of the same age in the Pilbara Craton in-Algstalia

Raman spectroscopy analysis results of rock samples, which indicate am @wgiai; from the area just north of the Pilbara Crater, are available :weblink1 (or weblink2)

Both impact events, the Impact Event in the Pilbara CratorAuatralia and the BGB Impact Event in the Kaapvaal Craton in-Sigdn may have happened at the same time !
It is possible that both impact eventgere caused by the same impactor, probably a carlion Comet. This comet probably collapsed just before the impact, and its fragmi
then formed the BGB impastructure, and theF@50km Pilbara Impact Crater described in this study, whétérlledto the StrelleyPoolChert (stromatolite carbonatplatform)

The development of the oldest knawstromatolites, that were found close to the two impact sites, in all probability was a longterm result of these two inmgbitte arganie

material which arived together with thempactor (comet) fragments!2 | § SNJ ¢ KA OK | a0OSYyRSR FTNRBY 9FNIKQa YlyatsS ¥
There are onlyaround 20 documented varieties of stromatolites for the period 2.8.25 billion yearsaga The oldest 3.25 Ga Stromatolites are found in the Hooggen
Formation ( Buck Ridge ) / South Africa near the BGB Impact Structure and in the Dresser Formation / West|asstifsdin 30 km away from each of the two impact sites

There isalso indication that the Pilbara Craton and taapvaal &ton ( the Barberton Greenstone BelBGB were positioned side by side when thiest SuperContinent

Vaalbardormed 3.25 Ga agqust afterthe Impact EventTheBGB impact structure and thellfira impactcrater probably werdormed by the same impact evet25 Gd

Therefore | want to propose the following hypothesidBoth impact events, the BAGBipact Ezent and the Pilbarémpact Ezent happenedat the same time. These impacts we
caused l the same impaor(s), which probably was aarbonrich cometthat containedorganiccompounds The development of the oldest known stromatolites on Ear
found very close to théwo impact sites in the Hooggenoeg FormatiosAf{ca) and in the Dress&ormation (WAustralia) , was the longterm result of this special Impact Even
Assumptions :1.) The BGB impact evergindthe described Pilbara Impact Evehtave thesame ageanda very similar stratigraphy & sedimentary geology.
2.) Both impact sites were originally located very close togethéprobably only a few hundred kilometers apgoefore thetectonicplates later drifted apart
3.) The areas where theldest stromatoliteson Earth can be found, aress than 50 km awafrom these two impact sited
4.) The 325 Gaold stromatolites are found in the Hoogenoeg Formation #8rica and in the Dresser Formation / \Wustralia,30 km from the impact sites
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An old Archean Impact Crater A 50 km ( Age >3 Ga ) in the Pilbara Region near Marble Bar / Western

This Impact Crater probably is connected to the BGB 3.26 - 3.24 Ga Impact Event in South -Africa .
The magnetic-intensity- & gravity anomaly i maps and different geological maps indicate a very old A 50 km impact crater (structure) n

Australia

ear Marble Bar / Western

Australia. These impact structure probably was formed by a comet-fragment which impacted on the indicated position approx 3.25 Ga ago. This impact structure

may be connected to the BGB impact structure in South-Africa, and it may be responsible for the development of the first life
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Uplift structure in
the crater center !

Cross-Section C i E shows the central
uplift area near the impact center

DIAGRAMMATIC SECTION
Natural scole

Here find images from
western area of crater : A

images from Carl Brauhart
A see images 01A to 48A
in Google Earth (c.B. kontakt)

in the Dresser Format
km away from each o

Combined magnetic intensity
(first vertical derivative) and
y gravity image of the Eastern
# Pilbara Granite-Greenstone
Terrain (R.Blewett, National
Geoscience Mapping Accord,
AGSO-Geoscience

-forms on Earth ~ 3,25 Ga ago !

The Geologist Andrew Y. Glikson
pointed out, that there seems to be
a clear correlation between the
BGB 3.26 i 3.24 Ga impact event
in  South-Africa and stratigraphic
units of the same age in the Pilbara
Craton (A the assumed impact
event described in this document)
Therefore | want to propose
the following hypothesis :

Both impact events, the BGB impact

| structure and this impact event in

the Pilbaras occurred at the same
time ! These impacts were caused by
the same impactor, which probably
was a Comet, maybe coming from
the Oort Cloud, which broke apart
when it reached the Roche Limit
( approx. 10000 to 30000 km above
Earthoés)surface

The fragments of the comet then

formed the BGB structure and the
described Pilbara impact structure.

The later development of the oldest known Stromatolites,
found very close to the two impact sites, was a direct
result of these two impacts and the organic material which
arrived together with the impacting comet fragments

The oldest 3.25 Ga Stromatolites are found in the
Hooggenoeg Formation ( Buck Ridge ) / South Africa and

tion / West Australia, less than 30
f the the two impact sites ! There is

also strong indication that the Pilbara Craton and the BGB
formed the first Supercontinent Vaalbara ~ 3.25 Ga ago.

Note circular pattern with inner
ring structure and uplift area in
assumed impact ( crater ) zone

Australia). The image shows
1 the distinct ovoid outine of
the granitoid complexes,
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Satellite Image of the Impact Structure A 50 km (age > 3 Ga) in the Pilbara near Marble Bar / Western Australia

The satellite view, the magnetic intensity map & geological map indicate a very old A 50 km impact structure near Marble Bar / Western Australia.
These impact structure probably was formed by a comet fragment which impacted on the indicated position approx. 3,25 Ga ago. This impact event may be
connected to the BGB impact structure in South-Africa, and maybe responsible for the formation of the first life-forms on Earth around 3,25 Ga ago.
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Geol ogi cal Ma p o fA 40ttab@ kmamspact Gnated with route ( yellow ) where rock samples

g ——r B ' ' | The geological map is available on :
http://www.geoscience.gov.au

A weblink to the geological map of the Pilbara Crater area

Cross -Section C T E through the impact center

DIAGRAMMATIC SECTION
Natural seale

Note circular pattern  with inner
ring structure and uplift area in
assumed impact ( crater ) zone
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http://www.geoscience.gov.au/
http://www.geoscience.gov.au/cgi-bin/mapserv?zoomdir=0&mode=browse&zoomdir=1&map=%2Fnas%2Fweb%2Fops%2Fprod%2Fapps_www-c%2Fmapserver%2Fgeoportal-geologicalmaps%2Findex.map&layer=+map250&layer=map250&zoomsize=2&mapsize=450+450&imgxy=225.0+225.0&imgext=-1812138.084631+-2801920.935413+-1274638.084631+-2264420.935413&img.x=219&img.y=137

Reconstruction of the original Impact Crater and description of the post

-impact tectonics caused by the Impact Event

The contrast enhanced satellite image, the magnetic-anomaly- and gravity-anomaly maps provide the structures which are necessary to understand this impact scenario
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fragments slowly drifted away from the impact site caused by the impact impulse. With the following images and sketches | will try to explain the post-impact tectonics :
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The impact crater drifted away from
- the original impact site in the approx.
~ direction of the impactor-trajectory
\' as the diagram (1-3) above indicates

The impact caused around six larger
. and a number of smaller fragments
g ’“ﬁi,\ (Detail 2) as the gravity anomaly
~ map indicates. The red areas
(positive anomalies) on the magnetic-
anomaly map, which originally were
all located in the @ 40km crater-area
and later flew to the outside, indicate
‘= an iron-rich impactor.
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Comparison of the Pilbara Craterimpact -scenari o with a similar structured | mpa:t

There is an impact crater on Jupi t ascéused asimianimgae scgnarie dsahe 8 Gyt old Snp&cOCratemon the Pilblara Créton.h
The @ 75 km Isis Crater on Ganymede has also fractured the crust and it has caused a few small tectonic plates which slowly drifted apart after the impact. On the
geological map of Ganymede the original old crust is marked in brown color. The crust-fragments (brown) caused by the impact drifted apart after the impact and an
expansion tectonics process has produced growing gaps between the small tectonic plates in which material was emplaced as a fluid ( water, slush or solid ice which was
warm enough to flow ). Note that Ganymede is an ice-moon which has a surface consisting of water-ice, silicate rock and other substances like magnesium sulfate,
sodium sulfate, carbondi oxi de, hydrogen sul fate, sulfur dioxide, wvarious or g a nstotdifferennypesu

EGGOIOgical MaFD T - ! * by courtesy
{ @ 75km Isis Crater . of USG-S.

of high-pressure water-ice possibly mixed with silicate rocks. Scientists also believe that a sub-surface ocean
may exi st in Ganymedebs mantl e. I want t o dr bis/Cratdn i
on Ganymede and the >3 Gyr old Pilbara Crater because it may help us to better understand the structure of
Earthbés mant | e dardninpacs Fobfartheainforration to the mentioned expansion tectonics
process on Ganymede please read Part 5 of my PT-Impact Hypothesis. ( A alternative here : Part5)

(‘or on my webside : www.permiantriassic.de or on www.permiantriassic.at )

gt The small tectonic plates caused by the

Pilbara Crater are marked by green/yellow

Satellite Image |
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’ Fractues
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with. / .
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Gravity- & MagneticAnomaly Map of Pilbara Crate
A The fragments caused by the impact are marke
In yellow/green colorA positive anomalies

( negative anomalies are marked in purple colpr

that obviously was fractured by the impactor which has caused
the @ 75 km Isis Crater . The white arrows on the top image
indicate the post-impact expansion-tectonics that was triggered
by the impact. The fragments of the former larger plate drifted
slowly apart from each other. A very similar scenario is visible
on the satellite- and gravity-anomaly maps of the Pilbara Crater
Here also around six smaller crust-fragments were caused by
thei mpact , because of fracture
similar process the fragments then drifted apart from each
other caused by an expansion tectonics process.
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Geologic Map of the Pilbara Granite -Greenstone Terrane

C Marked on the map the Dresser Formation & Strelley Formatior Assumed Impact Structure A Diameter approx. 50 km
were the 3.25 Ga old Stromatolites were found / P Pprox
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Figure 1. Geologic map of Pilbara granite-greenstone terrane. Eastern Pilbara shows typical ovoid outcrop pattern of granites surrounded AGSO-Geoscience Australia). The image shows the distinct
by greenstone belts. Major addition of new felsic crust in eastern Pilbara occurred at 3.48-3.42 Ga, by intrusion of TTG (tonalite, trondhjem- ovoid outine of the granitoid com plexes surrounded by

ite, and granodiorite) suite granitoids and deposition of felsic volcanic rocks in Warrawoona Group. SB—Shaw batholith.

greenstone belts

Deformed Soansville Group turbiditic sedimentary sequence
unconformably overlain by Hardey Formation (Fortescue Group)
of cobble conglomerate and sandstone

A photo 46A by Carl Bra uhart

Spectacular folding in turbiditic sediments of the Corboy

Formation (Soansville Group). Lineation parallel

5 Tl Neals e i s to fold plunge. Lode casts. Is the outcrop in 44A an anticline?
: : VR s e i ” Look for sedimentary facings

46A - Unconformity - Panorama | 44A - Folded Turbidite Sequence R, A photo 44A by Carl Brauhart




A Geological evidence for the impact event in the Pilbara

'Komati Formation
Intrusive rocks

Hypavyssal felsic intrusives
[ Tonalitic plutonic rocks

1. Introduction

The role of large asteroid and comet impacts as triggers ol
major tectonic, plate tectonic, thermal, magmatic and envi-
ronmental episodes (Price, 2001; Green, 1981; Grieve, 1980;
Hughs et al., 1977; Jones, 1987; Jones ¢t al., 2002; Jones et al.,
2005; Alt ct al., 1988; Oberbeck et al,, 1992; Boslough ct al.,
1994; Glikson, 2001; Glikson, 2005; Ghkson, 2006; Ingle and
Coffin, 2004; Ivanov and Meclosh, 2003; Glikson ctal., 2004a,b;
Elkin-Tanton et al, 2004; Elkin-Tanon and Hager, 2005)
constitutes a fundamental question in Earth science. D.R. Lowe
and G.R. Byerly (Lowe et al., 1989; Lowe and Byerly, 1990)
identified a juxtaposition between three 3.26 and 3.24 Ga

Tel /fax: +61 2 6196 3853

E-mail address: andrew ghiksoniaanu edu s

0012-821X/8 - soc front matter © 2007 Elsevier B.V. All rights rescrved

Hooggenoeg Formation ( & Buck Ridge compléx )
BGB impact area South Africa

A between Onverwacht Group and Mendon
Formation ( Moodies & Fig Tree Group )

A see last two pages of this document rediag
oldest stromatolite occurences

Youngr rocks

[~ )| Hamersley Group(HG)
Fortesaie Group(FG)
Greenstones (GS)

) Granitoids bathdliths (GB)

(extracts

frErfosclhaéestagdy oii

from the geologist Andrew Y. Glikson )

impact ¢jecta/fallout units (S2, 53, $4) in the Barberton Green-
stone Belt (BGB), castem Kaapvaal Craton, South Africa, and
the abrupt break between (A) 355 and 326 Ga mafic

ultramafic volcanic crust (Onverwacht Group and Mendon For-
mation) (Figs. 1, 2) and unconformably overlying <3.26 Ga
turbidite, banded iron formation (BIF), felsic volcanic, and
conglomerate-dominated continental type association (Fig Tree
Group. Mooedies Group), which includes the carliest observed
granite denived detritus. Glikson and Vickers (2006) correlated
the BGB 326-3.24 Ga impacts with conlempomneous
stratigraphic units in the Pilbara Craton, Westem Austmlia
(Fig. 3). Here an abrupt break occurs between a 3.51-3.235 Ga
mafic-ultmmafic sequence (Cooterunah Warrawoona and
Sulphur Springs Groups, Pilbara Craton) and a <3.235 Ga
turbidite—felsic volcanic-BIF association and overlying con-

glomerates (Gorge Creek Group, de Grey Group), a boundary

Assumed Pilbara Impact Structure

Pilbara Craton

Fig. 1. Geologxal skeich map of the SW Barberion (ircenstone Belt, cast Kaspvaal Craton, South Afrnica. showing destribution of the 51, 52, 83 and 54 Impact

spherule units (Lowe et al., 2003) (counesy DR, Lowe and G.R. Byerly).

accompanied by liple ol wmes overain by silistone

and ferruginous sediments (Fig. 4). A similar break occurs in the
westemn Pilbara Craton at ~3,27-3.25 Ga,

The significance of ferruginous argillite, jaspilite and BIF
which overlic 3.46, 3.26, 3.24, 2.63 and 2.56 Ga-old impact
cjectafallout units in the Pibam and Kagpvaal Craton was
considered in tenms of changes in provenance temains as-
sociated with tectonic and magmatic effects of these impacts
(Glikson, 2006). Here | clucidate the field evidence for
geodynamic episodes triggered by impacts by FEros-scale
(D~30 km) asteroids in Archaean to early Proterozoic terrains,
with implications for the stucmre and cvolution of the
Archacan and carly Protemzoic Earth. Cnitenia for the iden-
nncanon of extraterrestnal impact gjecta units inciude presence

of microkrystite spherules (Glass and Bums, 1988) which
disphy inwand-radiating quench texrures, central-offset vesi-
eles, relic nickel-rich spincls, high siderophile and platinum
group elements (PGE) (Byerly and Lowe, 1994), high Ni'Crand
Ir/Pd ratios (Glikson, 2007) and anomalous Cr isotopic ratios
(Shukolyukov et al., 2000; Kyte et al.. 2003). Impact gjecta
units may be conformable, transgress different facies bound-
arics or overlic unconformities (Lowe ct al., 1989; Lowe and
Nocita, 1999; Lowe et al, 2003. Quench-textured Ni-
chromites (NiQ<23%) with high Co, Zn and V abundances
display disequilibrium crystallization and may contain nickel-
rich and PGE-rich micronugges (Glikson, 2005; Glikson,
2007). Chondrite-normahized patierns display a marked deple-
tion in the volatile PGE species (Pd, Au) relative to refractory

560 AY. Glikson [ Earrk and Planetary Setence Letters 267 (2008) 355370
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Fig. 2. Schemaric siratigraphic seciion and isotopic ages of the Onverwachi
Ciroup arel Fig Tree Groap, Barberion Greenstone Belt.

species [Ir, Pt) which, exeepting depleted mantle harzburgite,
are distinet from terrestrial PGE profiles {Glikson, 2007). Neg-
ative “Cr*Cr isotopic indices comrespond to values of car-

Fig. 3. Geological sketch map of the Pilbara Craton and Hamersley Basin.

Note that billions of years ago the
Kaapvaal craton & Pilbara craton
were close together and the BGB
impact structure and the Pilbara
impact structure could easily be T
formed by the same impact event !

bonaceous chondrites and K- T boundary impact fallout unit
(Shukolyukov et al., 2000; Kxte et al,, 2003 ),

2, The 3.26-3.24 Ga impact cluster

In the Barberton Greenstone Belt (BGB), eastern naapvaan
Craton, the -3.26 Ga 52 impact unit coincides with the base of
the clasiic Mapepe Formation of the Fig Tre Group. The
~3.24 Ga 53 and 54 impact units occur within clastic sediments
and felsic pyroclastics 110120 m above the basal contact of the
Fig Tree Growp. In places the 83 impact unit is unconformable,
cutting mto underlymg Mendon Formation komatiies. The
=326 Ga 52 impact gecta unit is overlain by 20-to 30-m-thick
banded ferruginous chert of the basal Mapepe Formation { Lowe
amd Nocita, 1999 Lowe et al, 2003). These iron-nich
sediments, termed Manzimnyama Jaspilite Member, inchide
oxide facies BIF, jaspilite, hematite-rich shale and shale located
at lowermost stratigraphic levels of the Mapepe Formation. In
the southern part of the BGB the jaspilite is cither separated
from the 52 umit by up to 50 m of termigenous sediments and
felsic pyroclastics, or directly overlies the 52 impact unit. In the
northern part of the Barberton Greenstone Belt the ~3.24 Ga 53
impact spherule unit underlies ron-rich sediments of the Ulundi
Formation, including jaspilite, fermginous chert and black chert
deposited under quict deep-water conditions. By contrast
deposition of 82 and 53 unit in the Onverwacht anticline
eone, which formed an ankecedent rise locatad between the
deeper basins to the northwest and southeast, took place under
high-encrgy shallow-water conditions, which likely prechuded
colloidal precipitation of iron and silica, which may account for
the lack of iron-rich sediments in this sector ( Lowe et al., 2003).

Evidence consistent with potential magmatic consequences
of the Barberton impact chuster is provided by U—Pb zircon ages

Vaalbara Super -Continent formation 3,6 - 3,1 Ga ago
b e e = / =3 \\\ '
J Elon | B ensr
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Photos from geological featur es near the assumed Impact Center
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Carl Brauhart ( Geologist ) made some photos of geological
structures near the assumed impact center and put them on
the Google Earth map. ( A see Google Earth)

| have numbered the geological sites according to photo
numbers used by Mr Brauhart and added his photos to my
documentation

You can find all images of Carl Brauhart on my website
www.permiantriassic.de (A or here : www.permiantriassic.at )

C Here the direct Link to the webpage with the images ! : o

Weblink 1 (A or alternatively here : Weblink 2 ) q - 4
& preparead by Ve <o :
See also : Geological Info & GPS -datas ( alternative : Link3 ) = . Harry K. Hahn S e e Rl RS W

R IR lEnesiSpotiimage

< [ |

Also find some selected photos _ from him on the next page — DR S R
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Here some selected photos made by Mr Carl Brauhart ( Geologist )
A (comments to photos from Mr Brauhart) A all photos are available here Weblink 1 (A or alternatively here : Weblink 2 )

05A : Olistostome Breccia : Debris Flow: part of
the submarine mass flow that overlies the
Sulphur Sorinas Cu-Zn depos

15A : Alteration spots in Antesite : Andesite near
the base of the Kangaroo Caves Formation with
chlorite-carbonate-hematite spots:

08B : Siliceous Gossan: Sulphur Springs Gossan

07A : Gossan Breccia : Siliceous gossan
fragments in a matrix of ferruginous gossal

15B : Detail

29A : Neptunian Dykes : Upper surface of
Marker Chert where cracks have been filled with
overlvina sandv sediment.

30C : Dacite : Amygdaloidal dacite of the
Kangaroo Caves Formation. Dacite lobes with
glassy margins

36A : Alteration spots in Ryholite : Chlorite-
carbonate-hematite alteration spots in rhyolite
(Kangaroo Caves Formation).

33C : Bernts Gossan : Siliceos gossan with
breccia textures and ex-barite veins.

30D : Further Detail from site No : 30

36B : Alteration spots in Ryholite : Further
Detail from site.

40C : Rhyolitic pumice breccia mass flow deposits
with graded volcaniclastic sandstone tops. Nearby
there are intrusions of amygdaloidal rhyolite domes
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Here some photos of Rock Samples which | have collected north -east of the assumed Impact Structure
Many samples have a breccia-like appearance A ( more photos of the collected rock samples on my website !)

Sample T3 - Sample

|Site 19 il
$
y

Site 20 Raman spectroscopy analysis resultd
rock samplesin particular Quartz sample
which indicate an impact event, from th
area just north of the Pilbara Crater, g
available here weblink 1( orweblink 2)

Stromatolites found at Sample Site 2

Sample ngple
Site 21-B Site 22

Find images of all rock samples and
all sample sites here (A directlink) :
Sampledd 50 km Pilbara Crater

or alternatively here : Pilbara Crater

You can also go to my website ( main page) :
www.permiantriassic.de or www.permiantriassic.at

On the website goto: Pilbara-2 Crater
(A seetopmenue) At hen go sampil e
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