TERRESTRIAL IMPACT STRUCTURES: The TanDEM-X Atlas. Vol.1 and 2.
Manfred Gottwald, Thomas Kenkmann, Wolf Uwe Reimold
Verlag Dr. Friedrich Pfeil, Minchen 2020, 608 p.

ISBN 978-3-89937-261-8



TERRESTRIAL
IMPACT STRUCTURES

The TanDEM-X Atlas

frica, North/Central America,
South America

. Gottwald, T. Kenkmann and W. U. Reimold

Verlag Dr. Friedrich Pfeil



Manfred Gottwald
Thomas Kenkmann
Wolf Uwe Reimold

TERRESTRIAL
IMPACT STRUCTURES

The TanDEM-X Atlas
1

Africa, North/Central America,
South America

Verlag Dr. Friedrich Pfeil - Minchen 2020
IS ISBN 978-3-89937-261-8



Bibliografische Information Der Deutschen Bibliothek

Die Deutsche Bibliothek verzeichnet diese Publikation in der Deutschen Nationalbibliografie;
detaillierte bibliografische Daten sind im Internet Gber

http://dnb.dnb.de abrufbar.

front cover
Vredefort Dome, Meteor Crater, Serra da Cangalha (from left to right).
Top row: TanDEM-X topographic maps; bottom row Sentinel-2 RGB images,
fused with the TanDEM-X digital elevation model.

back cover
Top: Meteor Crater (photo: T. Kenkmann);
bottom: B.P. structure (photo: W. U. Reimold).

print support by mm mmm mem mmm ond Wolf Uwe Reimold

z g and Manfred Gottwald
= L

Copyright © 2020 by Verlag Dr. Friedrich Pfeil, Minchen
Alle Rechte vorbehalten — All rights reserved.

Dieses Werk ist urheberrechtlich geschitzt.
Jede Art der Vervielfaltigung und Weitergabe, auch auszugsweise und in elektronischer Form, insbesondere im Internet,

bedarf der ausdricklichen Genehmigung durch den Verlag Dr. Friedrich Pfeil.

Druckvorstufe: Verlag Dr. Friedrich Pfeil, MUnchen
Druck: PBtisk a.s., PFibram | — Balonka

ISBN 978-3-89937-261-8

Printed in the European Union

Verlag Dr. Friedrich Pfeil, Wolfratshauser StraBe 27, 81379 Minchen, Germany
Tel.: +49 (0)89 5528600-0 - Fax: +49 (0)89 5528600-4 - E-Mail: info@pfeil-verlag.de

www.pfeil-verlag.de



Contents

Preface ..o,
Acknowledgments ........ccoooeiiiiiiiiiii 8
1. Small Bodies in the Solar System ..... 9
The Beginning ..ocoveeeeeeiiiiiiiieiee e
Relics of Planetary Formation ..........ccccoiiiiiiiiiiennnnn, 10
2. IMpPACtS ..o 11
Hypervelocity Impacts ..........eeeiiieiiiiiiiiiiiiiiieeeeeees 11
Impact Crater Formation ... 12
Contact and Compression ............ccceevvevieeeenennn.. 12
EXCavation .....cooeeiiiiiii 13
Modification .....eeveiiiiiiiee e 14
Shock Metamorphic Effects ..........coeviiieiiiiiiiiiiieennen. 15
High-Pressure Polymorphs ........ccccooiiiiiiiiiiiinnn, 16
IMPACHIES e 17
Tracing the Meteoritic Projectile in Impact Breccias
and Impact Melt Rock .........ooovveiiiiiiiiiiiiiiieccie, 17
3. Terrestrial Impact Structures................... 19
Earth’s Impact Crater Record ........cooveeeeiiiiiiiiiinnnn... 19
The Actual Impact Structure Record .......................... 19
Impact Structure Parameterization .........cccccceeeeinnnis 20
4. Radar Remote Sensing ............................ 23
Synthetic Aperture Radar ...........eeeveiiiiiiiiiiiiiiiieeee, 23
SAR Interferometry ...........ovvviviuiiiiiiiiiiiiiiiieieeeeeeeennnn 24
5. The TanDEM-X Mission.......................... 26
TanDEM-X Data Acquisition ..........cceuveiieeeeeiieiiiinnnnnn. 27
TanDEM-X DEM Generation .........cceuvueieeeeeeeeiiiinnnnn. 27

6. TanDEM-X Maps of Impact Structures 30

Data Fusion TanDEM-X/Multispectral Sensor ............ 32
7. The Atlas ..., 33
7.1 Africa
OVEIVIEW .ttt 36
Agoudal, Morocco ........uuuveiieiiiiiiiiiiieeeeeee e 38
Amguid, AlGeria . ....oeeeiiiiiiiiiieee e 40
Aoroungd, Chad .....oooiiiiii e 42
Aouelloul, Mauretania .....coouiieeiiiiie e, 45
Bosumiwi, Ghana .......oouuiiiiiiieie e 48
B.R, LibYa i 52
Gweni Fada, Chad ......ccooooiiiiiiiiiie e 56
Kalkkop, South Africa ..oooceeeeiiiiiiiieee e 58
Kamil, EQYPt.coeeeeeiieiieeeeeee 60

Kgagodi Basin, Botswana ..........ccceeeeeiiiiiiiiiiiiiieeeeeeis
Libyan Desert Glass, EQypt ....ccvvvvvviviiiiiiiiiiiiiiiiiiiiiiiiinnnenn
Luizi, Democratic Republic of Congo......cccvvvvvviiiieiiiiinnnnns
Morokweng, South AFrica .....ceeeeeeeeeieeeeeeeeeeeeeeeeeee
Oasis, LIbya .ooooeiiiiiieeeeee e
Roter Kamm, Namibid ........ooviiiieiiiiiiiie e
Talemzane, AlGeria......cocoeeeeeeeiiiiiiiiie
Tenoumer, Mauretania ......coouvieeiiiiieeeeeeeeeeee e
Tin Bider, Algeria ..c..coovivviiiiieeeiiiiieee e
Tswaing, South AFrica ...evveiiiiiiieeeeie e
Vredefort, South Africa ......oviiiiiiiiiiie e

Impact Structures — Further Confirmation Required
Ouarkziz, AlGeria ......uuueeeeiiiiiiiiceee e

7.2 North/Central America

OVEIVIBW et

Ames, Oklahoma, United States ........cccoovvevviiiiiiiiiiennn,
Avak, Alaska, United States ......coooveviieiiiiiiiiiiiiieiieeei
Beaverhead, Montana, United States .........ccoeevvvviineiinnnnn.
Brent, Ontario, Canada ........coovvvvieeeeeiiiiiiiieeeeeeeeen
Calvin, Michigan, United States .........cccccoeviiiiiiiiiiiieeeennnn.
Carswell, Saskatchewan, Canada ......ccooevveviiiiiiiiniin,
Charlevoix, Quebec, Canada ......cocovvviiiiiiiiiiiiiiiie,
Chesapeake Bay, Virginia, United States ...........ccccceeeeees
Chicxulub, Mexico .......ceeiiiiiiiiiiiiie i
Clearwater East and Clearwater West, Quebec, Canada ..
Cloud Creek, Wyoming, United States ...........ccceeeeeeeeennn.
Couture, Quebec, Canada ......coovveviieiiiiiiieieeieee,
Crooked Creek, Missouri, United States ..........cccoevevnnnnenn.
Decaturville, Missouri, United States...........cccceeeeeiiiiiinnnn...
Decorah, lowa, United States...........coovviiiieiiiiiiieeiiiiinne,
Deep Bay, Saskatchewan, Canada.............evvvvvvveiiennnnnnnn.
Des Plaines, lllinois, United States ..........ccoovvveviiiiiiieeiinnnnn.
Douglas Crater Field, Wyoming, United States .................
Eagle Butte, Alberta, Canada ...........oevvvvvivviiiiiiiiiiiiiiinnnn.
Elbow, Saskatchewan, Canada .........ccooevvveiiiiiiiiiiiiinn,
Flynn Creek, Tennessee, United States.............uvvvveeennnnnnnn.
Glasford, lllinois, United States ........ccoovvvveiiiieeeiiiieeeeennn.
Glover Bluff, Wisconsin, United States ...............couveeeeeeen.
Gow, Saskatchewan, Canada .............oouveeeiiiiiiiiiiieeeeee,
Haughton, Nunavut, Canada ............eevvveiiiviiiiiiiiiiiiinnnnnn.
Haviland, Kansas, United States........coooovviieiiiiiiieeiinnnen,
Holleford, Ontario, Canada .......ceeveveeeiiiiieiiiiiieeeiiieeee,
fle Rouleau, Quebec, CaNAAT w..eveveeeeeeeeeeeeeeeeeeeeea
Kentland, Indiana, United States ...........cooovvveeeeeiiiiiiiinnnn...
La Moinerie, Quebec, Canada .........oeeeiviieiiiiiieiiiiieee,
Manicouagan, Quebec, Canada .....ccceeeeeeeeeeeieeneeeneenn.
Manson, lowa, United States ......coooviiviiiiiiiiiiiiiiiiecnn,
Maple Creek, Saskatchewan, Canada............ccccoeeeeeil.

126



Marquez, Texas, United States ..........cceeeeeeieeeeeeennnnnnnnnn. 182  Impact Structures — Further Confirmation Required
Meteor Crater, Arizona, United States .........ccceevvvueveennnn... 184 Bloody Creek, Nova Scotia, Canada...........c.coevvvvvvvnnnnnnn. 248
Middlesboro, Kentucky, United States ............................... 188 Hiawatha, Greenland ...........ccoeeiiiiiiiiiiiiee e, 250
Mistastin, Labrador, Canada............ooovvieeeiiiiiiiiiieeee, 190  Pantasma, Nicaragua .......coeeeeeeiieeieiiiiiiieeeeeeeeeeeeeeeeeeee 252
Montagnais, Nova Scotia, Canada ..........cceeeeeeeiiiiin. 194
Newporte, North Dakota, United States ..............evvvvevnnnes K738 7.3 South America
Nicholson Lake, Northwest Territories, Canada................. 198 .

) ) OVEIVIEW et 258
Odessa Crater Field, Texas, United States ..............c......... 200
Pilot, Northwest Territories, COnada w...momooeoooeoo. 202 Araguainha, Brazil ..........ccooiiiiiiii 260
Pingualuit, Quebec, Canada ............ceevvvvviiiiiiiiiiiiiiiiiiians 204 Campo del Cielo Crater Field, Argenting ...........coocoeeee. 264
Presquifle, QUEbEc, CanaQ ... vveereveeeeoeeeeeeeeeeeeereenn, 206 Carancas, Peru ..o 266
Red Wing, North Dakota, United States .........ovvvvvoovonnn..) 208 Cerro do Jarau, Brazil .......ccooovveiiiiiiiiiiieiieeee 269
Rock Elm, Wisconsin, United SIQ€S w....ovvvoooooooooooo 210 Monturaqui, Chile ........eeeeeiiiiiiiicceeeeeeeee e 272
Saint Marfin, Manitoba, Canada ... oo 219 Riach@o, Brazil .......cooouiiiiiii e 275
Santa Fe, New Mexico, United SIS ovvvvvooooooo 214 Santa Marta, Brazil .........coeeiiiiiiiiiii e, 278
Serpent Mound, Ohio, United SIGtes ........vvv.oorvoveerorreeee. 216 Sao Miguel do Tapuio, Brazil ......cccceeeeviiiiiiieieieeeeeeeee 282
Sierra Madera, Texas, United SIQES «..ovvovvooooooooo 218 Serra da Cangalha, Brazil .....cccoooviiiiiiiiiiii 285
Slate Islands, Ontario, Canada oo 291 Vargedo Dome, Brazil ...........ooovviiiiiiiiiiiii 288
Steen River, Alberta, CONAAT wov. oo 294 Vista Alegre, Brazil ..o 292
Sudbury, Ontario, Canada .......ccccvvvviiiiieieeieiiiiiieeeeee. 226  Impact Structures — Further Confirmation Required
Tunnunik, Northwest Territories, Canada ........ocveeveeveevn... 230 Coldnia Basin, Brazil .....cccoeeeeiieiiiei 296
Upheaval Dome, Utah, United States ..........ocoeeueeeevennn... 232  Nova Colinas, Brazil ......ccccvviiiiiiiiieiiiiiieeee e 298
Viewfield, Saskatchewan, Canada.......cccvvvvvviiiiiiiiiiinnnn. 236 Rio Cuarto Crater Field, Argentina ...........cocooiiiiiinnns 301
Wanapitei, Ontario, Canada ..........cccoeiiiiiiiiiiiii. 238 .
Wells Creek, Tennessee, United States ........coeevvnviienviinnnnnn. 240 GGO'OQIC Timescale ... 304
West Hawk, Manitoba, Canada ........coeevvveeiiiiiiiiiieneen, 242
Wetumpka, Alabama, United States .............oovvvvvviviiiinnnnn. 244
Whitecourt, Alberta, Canada .......cccooooiiiiiiiiiiiiiiiie 246



Preface

The idea for this atlas was born already several years ago. Then,
a precise topographic atlas presenting terrestrial impact craters, the
scars of the impacts of solid bodies onto the Earth’s surface, had
not been established yet. This was astonishing, as such impacts had
long been considered as the “most fundamental process on the
surfaces of the terrestrial planets”, as the late Eugene Shoemaker,
one of the pioneers of impact geology, had put it. But when the first
digital elevation data had been processed from the early phase of
the TanDEM-X mission, they immediately showed their great potential
for mapping applications. We were particularly excited, because the
objective of this space-borne undertaking of generating a precise
high-resolution digital elevation model for the entire solid surface of
Earth would allow, for the first time, to map the morphology of all
terrestrial impact structures with a topographic expression, in detail.
What had been the limiting factor of the existing datasets for such
an exercise in the past — no global coverage, data gaps, or data
artefacts — would no longer hamper the cartographic work. Only
very small impact craters below the resolution of the TanDEM-X data
would escape recognition in the TanDEM-X maps.

Patience, however, was required before the final TanDEM-X Digital
Elevation Model (DEM) was released and access to the data for sci-
ence applications was granted. In the meantime, we had investigated
the workflow to present the topography of an impact structure and its
environs by using Raw DEM scenes. Because our intention was not to
merely publish a sequence of high-quality maps, our atlas concept
foresaw to additionally provide short and concise, illustrated text sec-
tions for each impact structure. As two of us, Thomas Kenkmann and
Wolf Uwe Reimold, have throughout their careers as impact geologists
confirmed the impact origin of a considerable number of structures
and participated in the studies of many more, these so-called “fact
sheets” also reflect personal experience. Clearly this is the reason why
these texts sometimes differ in style — this is indeed intended. What
is more, the fact sheets also reflect the varied degrees of detailed
study that different impact structures have permitted to date.

The individual texts also provide information about the location
of a structure and how to access it. For those structures in very re-
mote parts of the globe, the access notes can, however, be limited.
A list of selected references completes each text. These are the main
references that were used by the authors of the individual fact sheets
— who are acknowledged at the top of each structure’s first page.
These references are also intended to provide the layperson with a
strategic entry into the literature pertaining to any of these impact
structures.

The atlas consists of three parts: introductory chapters, the physical
maps with corresponding texts for all impact structures covered herein,
and an annexure with supplementary information. The first introductory
chapter briefly explains why interplanetary space is filled with small
bodies and why they sometimes approach Earth’s orbit. Chapter 2
goes a bit deeper into the principles of hypervelocity impact. It explains
crater formation, shock metamorphism, and specific impact-related
lithologies. This chapter introduces impact related concepts that are
addressed in more detail in the subsequent impact structure-related
fact sheets. The third chapter describes the terrestrial impact crater
record. A short account on its completeness — or rather lack thereof
— is followed by its status at the time of the manuscript deadline as
of February 2020. As the last two years have been very productive
in identifying previously unknown impact structures, we have thrived
towards a status that is as complete as possible. Our atlas, however,
has a differentiated view on some alleged impact structures. Where
we feel that the evidence for an impact origin is still incomplete or
ambiguous, we freat these structures separately, even though other
impact data bases may list these cases as confirmed — without further
analysis of the evidence.

The remaining introductory chapters explain the remote sensing
principles behind data acquisition and processing, together with how
the physical maps were generated. Chapter 4 illustrates radar remote
sensing, particularly the concept of Synthetic Aperture Radar (SAR)
that allows high-resolution space-borne imaging in the microwave
spectral domain. While SAR yields 2D imagery, it is a pre-condition
for SAR interferometry, which exploits elevation and therefore deliv-
ers a 3D view. This concept has been successfully implemented in
the TanDEM-X mission, which is the topic of chapter 5. This section
not only summarizes the characteristics of both radar satellites, but it
also explains how the challenging task of interferometric data takes
was pursued with subsequent data processing. Chapter é explains
how the maps were produced. This demanded a stepwise approach
with observation of various requirements, such as map projection,
illumination, and dealing with the presence of water bodies.

With chapter 7 the map-oriented part of the atlas — by far the
major portion of our book — begins: Africa, North/Central America
and South America are covered in Part 1, Asia, Australia and Europe
in Part 2. All impact structures on a continent are listed alphabetically.
Each section comprises a one-page physical map together with the
illustrated fact sheet. Those structures where confirmation as impact
structures has remained ambiguous or incomplete appear separately
at the end of each continent chapter.

An annex with the complete list of selected references, a glos-
sary, a geologic timescale, and lists of acronyms and abbreviations
completes the atlas.

For whom, which readership, was this atlas compiled? Our atlas
is infended to provide the professional expert with a reference book
summarizing the tferrestrial impact crater record as of February
2020 in a complete and coherent, as well as concise manner. For
the interested layman our book can be a source of impact cratering
information at different levels — basic in the introductory chapters
and more specific in the fact sheets. The maps together with the
indication how to access an individual impact site may even trigger
visits to some of the more conveniently located structures.

In this atlas our knowledge and expertise from different research
areas — impact geology, a bit of astronomy, and remote sensing — has
been combined. Thomas Kenkmann and Wolf Uwe Reimold assembled
the fact sheets for the currently confirmed impact structures. Their
ongoing work in the past years even helped to add several new impact
structures to the terrestrial impact record — and to the atlas content.
We believe that this work provides a status that is as up-to-date as
possible. During their field work, they obtained a large repository of
imagery, some of which is shared here in the book. Manfred Gott-
wald dealt with the remote sensing related tasks, formulated the
introductory chapters, and took care of the graphic artwork. This
included the processing of the TanDEM-X digital elevation data, the
production of the physical maps, and, where appropriate, the fusion
of the TanDEM-X data with Sentinel-2 data.

What we present in this atlas about the terrestrial impact structure
record — its content and parameterization — reflects the status that,
as we feel, provides a complete and consistent view as of February
2020. For several impacts, however, different results can be found in
literature. As the study of impact structures is an ongoing and vivid
research topic, for these structures only future work will reveal the
final truth.

Considerable effort has been put into the making of this reference
work. We hope that our result will provide assistance to many, and
enjoyment as well. It may be a reference volume for years to come.

Manfred Gottwald, Garching bei Minchen
Thomas Kenkmann, Albert-Ludwigs-Universitat, Freiburg

Wolf Uwe Reimold, University of Brasilia, Brasilia
February 2020



TERRESTRIAL
IMPACT STRUCTURES

The TanDEM-X Atlas

sia, Australia, Europe

M. Gottwald, T. Kenkmann and W. U. Reimold

Verlag Dr. Friedrich Pfeil



Manfred Gottwald
Thomas Kenkmann
Wolf Uwe Reimold

TERRESTRIAL
IMPACT STRUCTURES

The TanDEM-X Atlas
2

Asia, Australia, Europe

Verlag Dr. Friedrich Pfeil - Minchen 2020
IS ISBN 978-3-89937-261-8



Bibliografische Information Der Deutschen Bibliothek

Die Deutsche Bibliothek verzeichnet diese Publikation in der Deutschen Nationalbibliografie;
detaillierte bibliografische Daten sind im Internet Gber

http://dnb.dnb.de abrufbar.

front cover
Popigai, Wolfe Creek, Ries Crater (from left to right).
Top row: TanDEM-X topographic maps; bottom row Sentinel-2 RGB images,
fused with theTanDEM-X digital elevation model.

back cover
Top: El'gygytgyn (photo: U. Raschke);
bottom: Kara-Kul (copyright: J.-L. Dauvergne, provided by S. Bouley).

print support by mem mem mem mm ond Wolf Uwe Reimold

z a and Manfred Gottwald
= Ll

Copyright © 2020 by Verlag Dr. Friedrich Pfeil, Minchen
Alle Rechte vorbehalten — All rights reserved.

Dieses Werk ist urheberrechtlich geschitzt.
Jede Art der Vervielfaltigung und Weitergabe, auch auszugsweise und in elektronischer Form, insbesondere im Internet,

bedarf der ausdricklichen Genehmigung durch den Verlag Dr. Friedrich Pfeil.

Druckvorstufe: Verlag Dr. Friedrich Pfeil, MUnchen
Druck: PBtisk a.s., PFibram | — Balonka

ISBN 978-3-89937-261-8

Printed in the European Union

Verlag Dr. Friedrich Pfeil, Wolfratshauser StraBe 27, 81379 Minchen, Germany
Tel.: +49 (0)89 5528600-0 - Fax: +49 (0)89 5528600-4 - E-Mail: info@pfeil-verlag.de

www.pfeil-verlag.de



-
Contents

Henbury Crater Field, Northern Territory ........ccccccovnnunnns 400
Hickman, Western Australia ..........ocoveviiiiiiiiiiiiiiec 403
Kelly West, Northern Territory .............ouvvvvvvvvivivviiiiiiiinnnnnn. 406
Lake Raeside, Western Australia............cccccoveeeeiiiiiiiinnn... 408
Lawn Hill, Queensland ...........ccccoooeeeeiiiiiiiiiie e 410
Liverpool, Northern Territory .............evvvvvvivvveviieveiiieninnnnnns 412
Matt Wilson, Northern Territory ......ccooeeeeeeieeeeeeeenieeeeeeeen. 414
Shoemaker, Western Australia........ccoooveeiiiiiiiiiiiiieiiienl 417
Spider, Western Australia ........cccvvveiiiiiiiiiiieee 420
OVEIVIBW ittt 312  Strangways, Northern Territory ........ccccceeeiiiniiiiiieiiieeeennnn. 423
Beyenchime-Salaatin, RUSSI .....v.vevveeeeeeeeeeereereeeeeereeen, 314 Tookoonooka, Queensland ..............cccooiiiiiii, 426
Bigach, Kazakhstan ... 316 Veevers, Western Australion ... 428
Chiyli, Kazakhstan ............ooevviiiiiiiiiiiicccccceeeeeeeee e 318 Wolfe Creek, Western Australia ... 430
Chukeha, RUSSIQ ...uvvviiiiiiiecicciieeee e 320 Woodleigh, Western Australio ... 434
Dhala, India ..cuvvieiiiiiiiiiiiee e 322 Yallalie, Western Australia..........coooo 436
El GYGytgyN, RUSSIO «.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeee oo 325 Yarrabubba, Western Australia ..o 438
Jebel Wagf as Suwwan, Jordan .......cccccviviiiiieiiiniiiine, 328 Impact Structures — Further Confirmation Required
Logancha, Russia ... 332  Connolly Basin, Western Australia.............c.cooevvviviiininnn. 440
Lonar, INdia .oooveeeiiicee e 334  Crawford and Flaxman, South Australia...........cccc..oooe. 442
Macha Crater Field, RUSSIO .....uuiiiiiiiiieeceeee e 336 Mount Toondina, South Australia ..........ceeeiiiiiiiiiiieeeiinnn. 444
Popigai, RUSSIO ..uuueeeiiiiiiiiie e 338  Piccaninny, Western Australia ..........eeeveeeeeiiiiciiiiiiiiieeeeenn, 446
Ragozinka, RUSSIO .....coovviiiieiiiiiiieee e, 340
Ramgarh, India .....ccoooiiiiiiiicece e 342 WANG) Europe
5aqQr, SAUA ArGBIC . cves v 346 OVEIVIEW .. 451
Shunak, Kazakhstan ........ccooooviiiiiiiiiiieeieeeee 348
Sikhote Alin Crater Field, RUSSIO w...ovoooeoooooooooooo 350 Boltysh, Ukraine ..........cccooiiiiiiiiiiiiie 454
Sobolev, RUSSIO . .oiiieiiiie e 352 Dellen, Sweden ... 456
Tabun-Khara-0bo, Mongolia .......ovvveooooeeeoooeoeeeooeoo 354 Dobele, Latvia ....ceeeeiiiiiiiciee e 458
Wabar Crater Field, Saudi Arabic ....ovvoovoooooooooeoooeo. 356 Gardnos, NOIrWaAY .......uueeeieiiiiiiiieiieeeeee e e e e e e eeeeeenes 460
Xiuyan, Ching .o 359 Granby, SWeTEN .........vvvmeini s 462
Zhamanshin, Kazakhstan .......cccooooeiiiiiiiiiiie 362 Gusev and Kamensk, RUSSIG ..o, 464
e e
Kara-Kul, Tajikistan ..o 365 . .

) ) llyinets, UKraine ...........ooooiiiiiiiiiiiiiiii 470
Yilan, ChinG ..o, 368 150-NGGKKIMG, FIMANG oo 479
Strongest Airburst in Modern Times JENISIEIVE, RUSSIO +rvverveeereeeseeeeseesseesseeseeeeseeseseeeseeseeseos 474
Tunguska, RUSSIO ..eeeieiiiiiiiiiiiee e 370 Kaalijérv Crater Field, ESIONIa ....vv.vveeeeeeeeeeeeeeeeeeeeeeeeee. 476

. KErdla, ESTONIO . ...uiieeiiie e 478

7.5 Australia Kaluga, RUSSIO ...oooiiiiiiiie e 480
OVEIVIEW ...vvovoveveee e 374  Kamenetsk, UKraine ..o 482
Acraman, South AUSHGLIT oo 376 Kara, RUSSIO ...cvuiiiiei e 484
Amelia Creek, Northern Terrory ..o 378 Karikkoselka, Finland .........cooiiiiiiiiiiieeeee 488
Boxhole, Northern Territory .o ..o 380 Karla, RUSSIO ... 490
Cleanskin, NOHhern TErritory ..o 382 Keurusselkd, Finland ........cooviiiioiiiiee e, 492
Dalgaranga, Western AUSHQIG —......ooooooooooooeeeoeoooooo 384 KUrsk, RUSSIO ...uvueeeeiiiiee e 494
Foelsche, Northern Territory ... 386 Lappaijdrvi, Finland ... 496
Glikson, Western AUSHALIG oo 388 Lockne, Sweden ......ooouiiiiiiiiie e 499
Goat Paddock, Western AUSH QNG oovvveeooooooeoooooooo 391 Logoisk, Belarus .........cooviiiiiiiiiiiiiiiiiiiie 502
Gosses BIUff, Northern Terfory woo...oooooooooooooooooooooo 394 Lumparn, Finland ... 504
Goyder, Northern TErriory ... ooooooooooooeoeeooeoooooooooooo 398 Malingen, Sweden ...........eiiiiiiiiiiii 506

309



MIEN, SWEAEN .o 508  Ternovka, UKraine .....ccooovveiviiiiiiiiiieeieeeeee e, 562
Mishina Gora, RUSSIO cooovveniiiieeeiieee e 510  Tvaren, SWeden ....oooouuiiiiiiiiie e 564
Mizarai, LEhuania .....eeeeeeeieeeeeeee e 512 Vepriai, LIthuanio .......cccoiiiiiiieee e 566
Miglnir, NOrway .....c.ueeeiiiiiiiiiiiie e 514 Zapadnaja, UKraine ......ccccoovviiiiiiiiiiieiiiiiiiiiiiccceeeeen 568
Morasko Crater Field, Poland ..........cccooeviiiiiiiiiiiieiinn, 516 Zeleny Gai, Ukraine ... 570
Neugrund, EStonia .........oooiiiiiiiiiiii 518
Obolon, UKIGING ... ooeooooo oo 520 Geologic Timescale................... 573
Paasselké, Finland .........cooooiiiiiiiiii e 522
Puchezh-Katunki, RUSSIO ..........oveoveeeeeeeeeeeeeeeeeeeeen. 524 Selected References ..., 575
Ries, GErmany ......coooeiiiiiiiiiiiiiiiiiiiiiiiie 526
Ritland, NOrway ......ccooviiiiiiiiiiiiieeeeeeece e 532 GlOSSGI'y ................................................................... 593
Rochechouart, France ........oovivieoeiiiiiiiiieeeeeeeeeeee, 536
Rotmistrovka, Ukraine ..........cccoeiiiiiiiiiiiiiiiiiie, 538 Chemical Elements...........oooooo 599
Saarij@rvi, Finland ... 540
Sadksjarvi, Finland .......coeeeiiiiiiiiiiee 542 Abbreviations and Acronyms .................... 599
Siljan, SWeden ........i e 544
Séderfigrden, Finland .......ccoooeeeeeeiiiinii 548 Impac’r Geology Index .. 601
Steinheim Basin, Germany .........ccccuuviiiiiieeeeniiiiiiiieeeennn 550
S’rerlljrcm'ak, Ru'ssm .......................................................... 554 CCII"l'OQI'GphiC Index . 604
SUAV]EIVI, RUSSIO coevviiiieeeeiiiiiiiiee e 556
Summanen, Finland ... 558
Suvasvesi North and Suvasvest South. Finfand o =40 AUthOrS ..o, 607

310



Selected References

Aaloe, A. O. (1963). New data on the structure of llumetsa craters. Eesti NSV
Teaduste Akadeemia Geoloogia Instituudi uurimused (in Russian). Vol.
11, pp. 35-43.

Abels, A., Mannola, P, Lehtinen, M., Bergman, L., and Pesonen, L. J. (1998).
New observations of the properties of the Lumparn impact structure, Aland
Islands, Southwestern Finland. Meteoritics and Planetary Science, Vol. 33,
pp. A7-A8.

Abels, A., Pesonen, L. J., Deutsch, A., Bischoff, L., and Lehtinen, M. (1998).
The Séderfigrden impact structure, W. Finland: Multiple data integration
with implications for morphometry, cratering process, and post-impact
sedimentary history. 24" Lunar and Planetary Science Conference, Lunar
and Planetary Institute, Houston, Texas, Abstract #1264.

Abels, A., Bergman, L., Lehtinen, M., and Pesonen, L. J. (2000). Structural
constraints and interpretations on the formation of the Soderfjérden and
Lumparn impact structures, Finland. 4" ESF Workshop: Response of the
Earth System to Impact Processes (IMPACT), Helsinki, p. 26.

Abels, A., Plado, J., Pesonen, L. J., and Lehtinen, M. (2002). The impact crater-
ing record of Fennoscandia — A close look at the database. In: Impacts in
Precambrian Shields, Plado, J., and Pesonen, L. J. (eds.), Springer, Berlin
Heidelberg, 339 pp.

Abercrombie, T. J. (1966). Saudi Arabia. Beyond the sands of Mecca. National
Geographic, Vol. 1,291, pp. 1-53.

Abrantes Jr., FER. (2016). O Permo-Triéssico da Bacia do Parnaiba, norte do Bra-
sil: implicacées paleoambientais, paleocliméticas e paleogeogréficas para
o Pangea Ocidental. Ph.D. thesis, Universidade Federal do Pard, 130 pp.

Alderman, A.R. (1931). The meteorite craters at Henbury, Central Australia, with
an addendum by L. J. Spencer. Mineralogical Magazine, Vol. 23, pp. 19-32.

Allix, A. (1951). Note et correspondence & propos des cratéres météoriques.
Revue de Géographie de Lyon, Vol. 26, pp. 357-359.

Alvarez, L. W., Alvarez, W., Asaro, F, and Michel, H. V. (1980). Extraterrestrial
cause for the Cretaceous-Tertiary Extinction. Science, Vol. 208, pp. 1095-
1108.

Alwmark, C. (2009). Shocked quartz grains in the polymict breccia of the
Granby structure, Sweden — Verification of an impact. Meteoritics and
Planetary Science, Vol. 44, pp. 1107-1113.

Alwmark, C., Alwmark-Holm, S., Ormg, J., and Sturkell, E. (2014). Shocked
quartz grains from the Mélingen structure, Sweden — Evidence for a twin
crater of the Lockne impact structure. Meteoritics and Planetary Science,
Vol. 49, pp. 1076-1082.

Alwmark, C., Ferriére, L., Holm-Alwmark, S., Ormé, J., Leroux, H., and Stur-
kell, E. (2015). Impact origin for the Hummeln structure (Sweden) and its
link to the Ordovician disruption of the L chondrite parent body. Geology,
Vol. 43, pp. 279-282.

Alwmark, C., Bleeker, W., LeCheminant, A., Page, L., and Scherste’n, A. (2017).
An early Ordovician “°Ar-3°Ar age for the ~50 km Carswell impact structure,
Canada. Geological Society of America Bulletin, Vol. 129, pp. 1442-1449.

Amgaa, T., and Koeberl, C. (2009a). Geology and petrography of Tabun Khara
Obo crater. 72" Annual Meeting of the Meteoritical Society, Abstract #5019.

Amgaa, T., and Koeberl, C. (2009b). Impact origin of Tabun Khara Obo crater,
Mongolia, confirmed by drill core studies (abstract). Geological Society of
America Annual Meeting, Portland, Oregon, Vol. 41, p. 533.

Anderson, R. R., and Hartung, R. B. (1992). The Manson impact structure;
lts contribution to impact materials at the Cretaceous/Tertiary Boundary.
Proceedings of the 22" Lunar and Planetary Science Conference, Houston,
Texas, pp. 101-110.

Anderson, R. R., Witzke, B. J., and Roddy, D. J. (1996). The drilling of the
1991-1992 Geological Survey Bureau and U.S. Geological Survey Manson
impact structure research cores. Geological Society of America Special
Paper, Vol. 302, pp. 45-88.

Andreoli, M. A. G., Ashwal, L. D., Hart, R. J., Smith, C. B., Webb, S. J., Tredoux,
M., Gabrielli, F, Cox, R. M., and Hambleton-Jones, B. B. (1995). The
impact origin of the Morokweng Ring Structure, Southern Kalahari, South
Africa (abstract). Centennial Geocongress of the Geological Society of
South Africa, Johannesburg, South Africa, pp. 541-554.

Arp, G., Reimer, A., Simon, K., Sturm, S., Wilk, J., Kruppa, C., Hecht, L.,
Hansen, B. T., Pohl, J., Reimold, W. U., Kenkmann, T., and Jung, D. (2019).
The Erbisberg drilling 2011: Implications for the structure and postimpact
evolution of the inner ring of the Ries impact crater. Meteoritics and Plan-
etary Science, Vol. 54, pp. 2448-2842.

Artemieva, N. A., and Shuvalov, V. V. (2001). Motion of a fragmented meteor-
oid through the planetary atmosphere. Journal of Geophysical Research,
Vol. 106, pp. 3297-3309.

Artemieva, N. A., and Shuvalov, V. V. (2007). 3D effects of Tunguska Event
on the ground and in the atmosphere. 38" Lunar and Planetary Science
Conference, Lunar and Planetary Institute, Houston, Texas, Abstract #1537.

Selected References

Artemieva, N. A., Winnemann, K., Krien, F, Reimold, W. U., and Stéffler, D.
(2013). Ries crater and suevite revisited — Observations and modeling,
Part Il: Modeling. Meteoritics and Planetary Science, Vol. 48, pp. 590-627.

Astrom, K. (1998). Seismic signature of the Lake Mien impact structure, south-
ern Sweden. Geophysical Journal International, Vol. 135, pp. 215-231.

Attar, A. (1981). La structure de Tin Bider (plateau du Tinhert, Algérie). Un
impact météoritique. Unpublished report, Sonatrach, 15 pp.

Avice, G., Meier, M. M. M., Marty, B., Wieler, R., Kramers, J. D., Langenhorst,
F, Cartigny, P, Maden, C., Zimmermann, L., and Andreoli, M. A. G.
(2015). A comprehensive study of noble gases and nitrogen in “Hypatia”,
a diamond-rich pebble from SW Egypt. Earth and Planetary Science Letters,
Vol. 432, pp. 243-253.

Baldwin, S. L., McDougall, I., and Williams, G. E. (1991). K-Ar and “°Ar-3?Ar
analyses of melt rock from the Acraman impact structure, Gawler Ranges,
South Australia. Australian Journal of Earth Sciences, Vol. 38, pp. 291-298.

Banet, A. C., and Fenton, J. P G. (2008). An examination of the Simpson core
test wells suggests an age for the Avak impact feature near Barrow, Alaska.
In: The Sedimentary Record of Meteorite Impacts, Evans, K., Horton, Jr.,
JW.,, King, D. T., and Morrow, J. R. (eds.), Geological Society of America
Special Paper, Vol. 437, pp. 139-145.

Baratoux, D., Niang, C. A. B., Reimold, W. U., Salah, M. S., Jessell, M. W.,
Boamah, D., Faye, G., Bouley, S., and Vanderheaghe, O. (2019). Bosumtwi
impact structure, Ghana: Evidence for fluidized emplacement of the ejecta.
Meteoritics and Planetary Science, Vol. 54, pp. 2541-2556.

Barbour, Jr. E., and Corréa, W. A. G. (1981). Geologia da Estrutura de Vargeéo,
SC. Séo Paulo, Consércio CESP/IPT, 33 pp. (unpublished report, Paulipetro).

Barringer, B. (1967). Historical notes on the Odessa meteorite crater. Meteoritics,
Vol. 3, pp. 161-168.

Barringer, D. M. (1910). Meteor Crater in northern central Arizona. Paper
presented at the National Academy of Sciences, Princeton University, 16
November 1909, 24 pp. (plus 18 plates and 3 maps).

Barringer, D. M. Jr. (1928). A new meteor crater. Proceedings of the Academy
of Natural Sciences of Philadelphia, Vol. 80, pp. 307-311.

Barrows, T. T., Magee, J., Miller G., Fifield, L. K. (2019). The age of the Wolfe
Creek meteorite crater (Kandimalal), Western Australia. Meteoritics and
Planetary Science, Vol. 54, pp. 2686-2697.

Bayerisches Geologisches Landesamt. (2004). Geologische Karte 1:100000
des Impaktraters Nérdlinger Ries mit Kurzerléduterungen auf der Rickseite
in deutscher und englischer Sprache, 1 map.

Beals, C. S. (1960). A probable meteorite crater of Precambrian age at Hol-
leford, Ontario. Publication of the Dominion Observatory Ottawa, Vol. 24,
pp. 117-142.

Beals, C. S., Ferguson, G. M., and Landau, A. (1956). A search for analo-
gies between lunar and terrestrial topography on photographs of the
Canadian Shield. Journal of the Royal Astronomical Society of Canada,
Vol. 50, pp. 203-250.

Beals, C. S., Innes, M. J. S., and Rottenberg, J. A. (1960). The search for fossil
meteorite craters. Ottawa Dominion Observatory Contributions, Vol. 4,
pp. 1-31.

Beals, C. S., Dence, M. R., and Cohen, A. J. (1967). Evidence for the impact
origin of Lac Couture. Publications of the Dominion Observatory Ottawa,
Vol. 31, pp. 409-426.

Beatty, J. K., Collins Petersen, C., Chaikin, A. (1999). The New Solar System,
Sky Publishing Corporation & Cambridge University Press.

Becg-Giraudon, J. F, Rouzeau, O., Goachet, E., and Solages, S. (1992).
Impact hyperveloce d’'une météorite géante a I'origine de la dépression
circulaire d’Aorounga au Tchad (Afrique). Comptes Rendus de I’Académie
des Sciences, Paris, Vol. 315, pp. 83-88.

Beere, G. M. (1983). The Piccaninny structure — a cryptoexplosive feature in
the Ord Basin, East Kimberley. Geological Survey of Western Australia
Report 1983/6, 8 pp.

Belyanin, G. A., Kramers, J. D., Andreoli, M. A. G., Greco, F, Gucsik, A.,
Makhubela, T. V., Przybylowicz, W. J., and Wiedenbeck, M. (2018). Pe-
trography of the carbonaceous, diamond-bearing stone “Hypatia” from
southwest Egypt: A contribution to the debate on its origin. Geochimica et
Cosmochimica Acta, Vol. 223, pp. 462-492.

Beran, A., and Koeberl, C. (1997). Water in tektites and impact glasses by FTIR
spectrometry. Meteoritics and Planetary Science, Vol. 32, pp. 211-216.

Bevan, A. (2012a). Western Australian Impact Crater Field Excursion, 20-29
August 2012. 75" Annual Meeting of the Meteoritical Society Cairns,
Queensland, Australia, 55 pp.

Bevan, A. (2012b). Yallalie impact structure. In: Western Australian Impact
Craters Field Excursion, 75" Annual Meeting of the Meteoritical Society,
Cairns, Queensland, Australia, pp. 12-23.

575


https://www.sciencedirect.com/science/article/pii/S0016703717307962#!
https://www.sciencedirect.com/science/article/pii/S0016703717307962#!
https://www.sciencedirect.com/science/article/pii/S0016703717307962#!

Bibbins, A. B. (1926). A small meteor crater in Texas. Engineering and Mining
Journal Press, Vol. 121, p. 932.

Biren, M. B., and Spray, J. G. (2011). Shock veins in the central uplift of the
Manicouagan impact structure: Context and genesis. Earth and Planetary
Science Letters, Vol. 303, pp. 310-322.

Biren, M. B., van Soest, M., Wartho, J.-A., and Spray, J. G. (2014). Dating
the cooling of exhumed central uplifts of impact structures by the (U-Th)/
He method: A case study at Manicouagan. Chemical Geology, Vol. 377,
pp. 56-71.

Bischoff, L., and Oskierski, W. (1987). Fractures, pseudotachylite veins and
breccia dykes in the crater floor of the Rochechouart impact structure, SW-
France, as indicators of crater forming processes. In: Research in Terrestrial
Impact Structures, Pohl, J. (ed.), Friedrich Vieweg publishers, Braunschweig/
Wiesbaden, pp. 5-29.

Bischoff, L., and Oskierski, W. (1988). The surface structure of the Haughton
impact crater, Devon Island, Canada. Meteoritics, Vol. 23, pp. 209-220.

Bjornerud, M. G. (1998). Superimposed deformation in seconds: Breccias from
the impact structure at Kentland, Indiana (USA). Tectonophysics, Vol. 290,
pp. 259-269.

Black, D. F B. (1964). Cryptoexplosive structure near Versailles, Kentucky. U.S.
Geological Survey Professional Paper, Vol. 501-B, pp. B9-12.

Bland, P A., de Souza Filho, C. R, Jull, A. J. T, Kelley, S. P, Hough, R. M.,
Artemieva, N. A., Pierazzo, E., Coniglio, J., Pinotti, L., Evers, V., and Kears-
ley, A. T. (2002). A possible tektite strewn field in the Argentinian pampa.
Science, Vol. 296, pp. 1109-1111.

Bodén, A., and Eriksson, K. G. (eds.) (1988). Deep Drilling in Crystalline
Bedrock. Volume 1: The Deep Gas Dirilling in the Siljan Impact Structure,
Sweden and astroblemes. Springer, Berlin Heidelberg, 364 pp.

Boon, J. D., and Albritton, C. C. (1936). Meteorite craters and their possible
relationship to “cryptovolcanic structures”. Field and Laboratory, Vol. 5,
pp. 7-9.

Bootsman, C. S., Reimold, W. U., and Brandt, D. (1999). Evolution of the
Molopo drainage and its possible disruption by the Morokweng impact
event at the Jurassic-Cretaceous boundary. Journal of African Earth Sci-
ences, Vol. 29, pp. 669-678.

Borovicka, J., and Spurny, P (2008). The Carancas meteorite impact — Encoun-
ter with a monolithic meteoroid. Astronomy and Astrophysics, Vol. 485,
pp. L1-L4.

Bottomley, R. J., and York, D. (1988). Age measurement of the submarine
Montagnais impact crater. Geophysical Research Letters, Vol. 15, pp. 1409-
1412.

Bottomley R. J., York, D., and Grieve, R. A. F (1978). “°Ar-3%Ar ages of Scan-
dinavian impact structures: |. Mien and Siljan. Contributions to Mineralogy
and Petrology, Vol. 68, pp. 79-84.

Bottomley, R. J., Grieve, R. A. F, York, D., and Masaitis, V. L. (1997). The age of
the Popigai impact event and its relation to events at the Eocene/Oligocene
boundary. Nature, Vol. 388, pp. 365-368.

Bottomley, R. J., York, D., and Grieve, R. A. . (1990). “°Argon-3*Argon dating
of impact craters. Proceedings of the 20" Lunar and Planetary Science
Conference, Houston, Texas, Cambridge University Press, pp. 421-431.

Bougka, V., Povondra, P, Florenskiy, P V., and Kanda, Z. (1981). Irghizites
and zhamanshinites: Zhamanshin crater, USSR. Meteoritics, Vol. 16,
pp. 171-184.

Brandt, D., and Reimold, W. U. (1995a). The geology of the Pretoria Saltpan
impact structure and the surrounding area. South African Journal of Geol-
ogy, Vol. 98, pp. 287-303.

Brandt, D., and Reimold, W U. (1995b). The petrology of the volcanic rocks
occurring in the Pretoria Saltpan impact crater and surrounding area. South
African Journal of Geology, Vol. 98, pp. 304-318.

Brandt, D., Reimold, W. U., Franzen, A. J., Koeberl, C., and Wendorff, L. (1998).
The geophysical signature of the Roter Kamm impact crater, Namibia.
Meteoritics and Planetary Science, Vol. 33, pp. 447-454.

Brandt, D., Holmes, H., Reimold, W. U., Paya, B. K., Koeberl, C., and Hancox, P
J. (2002). Kgagodi Basin: the first impact structure recognized in Botswana.
Meteoritics and Planetary Sciences, Vol. 37, pp. 1765-1779.

Brenan, R. L., Peterson, B. L., and Smith, H. J. (1975). The origin of Red Wing
Creek structure: McKenzie county, North Dakota. Wyoming Geological
Association Earth Science Bulletin, Vol. 8, 41 pp.

Brett, R., Guppy, D. J., and Milton, D. J. (1970). Two circular structures of impact
origin in Northern Territory, Australia (abstract). Meteoritics, Vol. 5, p. 184.

Bron, K. A., and Gostin, V. (2012). The Tookoonooka marine impact horizon,
Australia: Sedimentary and petrologic evidence. Meteoritics and Planetary
Science, Vol. 47, pp. 296-318.

Bronikowska, M., Artemieva, N. A., and Winnemann, K. (2017). Reconstruc-
tion of the Morasko meteoroid impact — Insight from numerical modeling.
Meteoritics and Planetary Science, Vol. 52, pp. 1704-1721.

Brown, P, ReVelle, D. O, Silber, E. A., Edwards, W. N., Arrowsmith, S., Jackson,
L. E., Tancredi, G., and Eaton, D. (2008). Analysis of a crater-forming me-
teorite impact in Peru. Journal of Geophysical Research, Vol. 113, 13 pp.

576

Selected References

Bruun, A., and Dahlman, B. (1982). Den palaeozoiska berggrunden (in Swed-
ish). In: Beskrivning till berggrundskartan Hjo NO, Wikman, H., Bruun,
A., Dahlman, B., and Vidal, G. (eds.), Sveriges Geologiska Undersékning,
Vol. Af120, pp. 76-109.

Buchanan, P C., Koeberl, C., and Reid, A. M. (1998). Impact into unconsoli-
dated, water-rich sediments at the Marquez Dome, Texas. Meteoritics and
Planetary Science, Vol. 33, pp. 1053-1064.

Bucher, W. H. (1933). Cryptovolcanic structures in the United States. 16™
International Geological Congress, London. Report of the United States,
Vol. 2, pp. 1055-1084.

Bucher, W. H. (1936). Cryptoexplosion structures caused from without or from
within the Earth? American Journal of Science, Vol. 261, pp. 597-649.

Buchner, E., and Kenkmann, T. (2008). Upheaval Dome, Utah: Impact origin
confirmed. Geology, Vol. 36, pp. 227-230.

Buchner, E., and Schmieder, M. (2010). Steinheim suevite — A first report of
melt-bearing impactites from the Steinheim Basin (SW Germany). Meteoritics
and Planetary Science Vol. 45, pp. 1093-1107.

Buchwald V. F (1975). Handbook of Iron Meteorites: Their History, Distribu-
tion, Composition, and Structure. University of California Press, Berkeley,
California, 1426 pp.

Bunch, T. E., and Cassidy, W. A. (1972). Petrographic and electron microprobe
study of the Monturaqui impactite. Contributions to Mineralogy and Petrol-
ogy, Vol. 36, pp. 95-112.

Bunting, J. A., de Laeter, J. R., and Libby, W. G. (1980). Evidence for the age
and cryptoexplosive origin of the Teague Ring structure, Western Australia.
Western Australia Geological Survey Annual Report 1979, pp. 125-129.

Buschbach, T. C., and Ryan, R. (1963). Ordovician explosion structure at Glas-
ford, lllinois. Bulletin of the American Association of Petroleum Geologists,
Vol. 47, pp. 2015-2022.

Butler, H. (1974). The Lake Teague ring structure, Western Australia: an as-
trobleme? Search, Vol. 5, pp. 536-537.

Campbell-Smith, W., and Hey, M. H. (1952). The silica glass from the crater
of Aouelloul (Adrar, western Sahara). Bulletin de I'Institut fondamental
d’Afrique noire, Vol. 14, pp. 762-776.

Carlton, R. W., Koeberl, C., Baranoski, M. T., and Schumacher, G. A. (1998).
Discovery of microscopic evidence for shock metamorphism at the Serpent
Mound structure, south-central Ohio: confirmation of an origin by impact.
Earth and Planetary Science Letters, Vol. 162, pp. 177-185.

Carpenter, B. N., and Carlson, R. (1992). The Ames impact crater. Oklahoma
Geological Survey, Vol. 52, pp. 208-223.

Carrigy, M. A., and Short, M. N. (1968). Evidence of shock metamorphism
in rocks from the Steen River structure, Alberta. In: Shock Metamorphism
of Natural Materials, French, B. M., and Short, N. M. (eds.), Mono Book
Corp., Baltimore, pp. 367-378.

Cassidy, W. A., and Renard, M. L. (1996). Discovering research value in the
Campo del Cielo, Argentina, meteorite craters. Meteoritics and Planetary
Science, Vol. 46, pp. 935-949.

Catchings, R. D., Powars, D. S., Gohn, G. S., Horton, J. W., Goldman, M. R.,
and Hole, J. A. (2008). Anatomy of the Chesapeake Bay impact structure
revealed by seismic imaging, Delmarva Peninsula, Virginia, USA. Journal
of Geophysical Research, Vol. 113, 23 pp.

Caty, J. L., Chown, E. H., and Roy, D. W. (1976). A new astrobleme: fle Rouleau
structure, Lake Mistassini, Quebec. Canadian Journal of Earth Sciences,
Vol. 13, pp. 824-831.

Cavosie, A. J., Erickson, T. M., and Timms, N. E. (2015). Nanoscale records of
ancient shock deformation: Reidite (ZrSiO,) in sandstone at the Ordovician
Rock Elm impact crater. Geology, Vol. 43, pp. 315-318.

Cavosie, A. J., Montalvo, PE., Timms, N. E., and Reddy, S. M. (2016). Nanoscale
deformation twinning in xenotime, a new shocked mineral, from the Santa
Fe impact structure (New Mexico, USA). Geology, Vol. 44, pp. 803-806.

Chabou, M. C. (2019). Meteorite impact structures in the Arab World: An
overview. In: The Geology of the Arab World — An Overview, Bendaoud,
A., Hamimi, Z., Hamoudi, M., Diemai, S., Zoheir, B. (eds.), Springer Geol-
ogy, pp. 455-506.

Chao, E. C. T, Fahey, J. J., and Littler, J. (1961). Coesite from Wabar crater,
near Al Hadida, Arabia. Science, Vol. 133, pp. 882-883.

Chen, M., Xiao, W., and Xie, X. (2010). Coesite and quartz characteristic of
crystallization from shock-produced silica melt in the Xiuyan crater. Earth
and Planetary Science Letters, Vol. 297, pp. 306-314.

Chen, M., Koeberl, C., Xiao, W., Xie, X., and Tan, D. (2011). Planar deformation
features in quartz from impact-produced polymict breccia of the Xiuyan
Crater, China. Meteoritics and Planetary Science, Vol. 46, pp. 729-736.

Chen, M., Yin, F, Li, X., Xie, X., Xiao, W., and Tan, D. (2013). Natural occur-
rence of reidite in the Xiuyan crater of China. Meteoritics and Planetary
Science, Vol. 48, pp. 796-805.

Chen, M., Xie, X., and Xiao, W., Tan, D. (2019). Yilan crater, a newly identified
impact structure in northeast China (in Chinese with English summary).
Chinese Science Bulletin, online first, doi: /10.1360/TB-2019-0704.



Chennaoui-Aoudjehane, H., El Kerni, H., Reimold, W. U., Baratoux, D., Koe-
berl, C., Bouley, S., and Aoudjehane, M. (2016). The Agoudal (High Atlas
Mountains, Morocco) shatter cone conundrum: A recent meteorite fall onto
the remnant of an impact site. Meteoritics and Planetary Science, Vol. 51,
pp. 1497-1518.

Choe, B.-H., Tornabene, L. L., Osinski, G. R., and Newman, J. D. (2019).
Remote predictive mapping of the Tunnunik impact structure in the Cana-
dian Arctic using multispectral and polarimetric SAR data fusion. Canadian
Journal of Remote Sensing, Vol. 44, https://doi.org/10.1080/07038992.
2018.1544846

Cione, A. L., Tonni, E. P, San Cristébal, J., Herndndez, P J., Benitez, A., Bor-
dignon, F, and Peri, J. A. (2002). Putative meteoritic craters in Rio Cuarto
(Central Argentina) interpreted as eolian structures. Earth Moon Planets,
Vol. 91, pp. 9-24.

Claeys, P, Chan, J. Ch.-W., and Dujardin, R. (2008). The Luizi structure: remote
sensing study of a possible impact crater in Central Africa. 39" Lunar and
Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #1720.

Clayton, P A., and Spencer, L. J. (1934). Silica Glass from the Libyan Desert.
Lecture presented on the 9 November 1933 at the Annual Meeting of the
Mineralogical Society. Mineralogical Magazine, Vol. 23, pp. 501-508.

Clement, J. H., and Mayhew, T. E. (1979). Newporte discovery opens new pay.
Oil and Gas Journal, Vol. 77, pp. 165-172.

Cohen, A. J., Bunch, T. E., and Reid, A. M. (1961). Coesite discoveries establish
cryptovolcanics as fossil meteorite craters. Science, Vol. 134, pp. 1624-1625.

Collins, E R., and Robinson, E M. (1967). Exploration of Naval Petroleum
Reserve No. 4 and adjacent areas, northern Alaska, 1944-53 — Part 5,
Subsurface geology and engineering data. U.S. Geological Survey Open
File Report, Geological Survey Professional Paper 305-K, pp. 140-145.

Collins, G. S., and Winnemann, K. (2005). How big was the Chesapeake Bay
impact? Insights from numerical modeling. Geology, Vol. 33, pp. 925-928.

Collins, G. S., Artemieva, N. A., Winnemann, K., Bland, P A., Reimold, W.
U., and Koeberl, C. (2008). Evidence that Lake Cheko is not an impact
crater. Terra Nova, Vol. 20, pp. 165-168.

Cook, P J. (1968). The Gosses BIuff crypto-explosion structure. Journal of
Geology, Vol. 76, pp. 123-139.

Cordua, W. S. (1985). The Rock EIm structure, Pierce County, Wisconsin, a
possible cryptoexplosion structure. Geology, Vol. 13, pp. 372-374.

Corner, B., Reimold, W. U., Brandt, D., and Koeberl, C. (1997). Morokweng
impact structure, Northwest Province, South Africa: geophysical imag-
ing and shock petrographic studies. Earth and Planetary Science Letters,
Vol. 146, pp. 351-364.

Cox, M. A., Cavosie, A. J., Ferriére, L., Timms, N. E., Bland, P A., Miljkovic,
K., Erickson, T. M., and Hess, B. (2019). Shocked quartz in polymict impact
breccia from the Upper Cretaceous Yallalie impact structure in Western
Australia. Meteoritics and Planetary Science, Vol. 54, pp. 621-637.

Cox, M. A., Cavosie, A. J., Milikovi¢, K., Bland, P A., Kenkmann, T., and Hoskins,
Z.N. P (2018). Characterization of shock deformation at the Spider impact
structure, Western Australia. 815 Annual Meeting of the Meteoritical Society,
Moscow, Russia, Abstract #6248.

Crawford, A. R. (1972). Possible impact structure in India. Nature, Vol. 237,
p. 96.

Crook, K. A. W., and Cook, P J. (1966). Gosses Bluff — diapir, crypto-volcanic
structure or astrobleme? Geological Society of Australia Journal, Vol. 13,
pp. 495-516.

Crésta, A. P (1987). Impact Structures in Brazil. In: Research in Terrestrial
Impact Structures, Pohl, J. (ed.), Springer Vieweg, Wiesbaden, pp. 30-38.

Crésta, A. P, Gaspar, J. C., and Candia, M. A. E (1981). Feigdes de meta-
morfismo de impacto no Domo de Araguainha. Revista Brasileira de
Geociéncias, Vol. 11, pp. 139-146.

Crésta, A. P, Kazzuo-Vieira, C., and Schrank, A. (2004). Vista Alegre: a newly
discovered impact crater in Southern Brazil. Meteoritics and Planetary Sci-
ence, Vol. 39 (Supplement): A-28.

Crésta, A. P, Koeberl, C., Furuie, R. A., and Kazzuo-Vieira, C. (2010a). Vista
Alegre, southern Brazil: a new impact structure in the Parané flood basalts.
Meteoritics and Planetary Science, Vol. 45, pp. 181-194.

Crésta, A. P, Lourengo, F S., and Priebe, G. H. (2010b). Cerro Jarau, Rio
Grande do Sul: a possible new impact structure in Southern Broazil. In:
Large Meteorite Impacts and Planetary Evolution IV, Gibson, R. L., and
Reimold, W. U. (eds.), Geological Society of America Special Paper,
Vol. 465, pp. 173-190.

Crésta, A. P, Jourdan, F, and Koeberl, C. (2012a). “°Ar-3?Ar dating of the Vista
Alegre crater, Brazil. 34™ International Geological Congress, Brisbane,
Australia, 1 p.

Crésta, A. P, Kazzuo-Vieira, C., Pitarello, L., Koeberl, C., and Kenkmann, T.
(2012b). Geology and impact features of Vargedo Dome, southern Brazil.
Meteoritics and Planetary Science, Vol. 47, pp. 51-71.

Selected References

Crésta, A. P, Reimold, W. U., and Vasconcelos, M. A. R. (2019). Cerro Do Jarau
and Sao Miguel do Tapuio: Two newly confirmed large impact structures in
Brazil. 50" Lunar and Planetary Science Conference, Lunar and Planetary
Institute, Houston, Texas, Abstract #3042.

Crésta, A. P, Reimold, W. U., Vasconcelos, M. A. R., Hauser, N., Oliveira,
G. J. G., Mazivieiro M. V., and Gdes, A. M. (2019a). Impact cratering:
The South American record — Part 1. Geochemistry — Chemie der Erde,
Vol. 79, pp. 1-61.

Crésta, A. P, Reimold, W. U., Vasconcelos, M. A. R., Hauser, N., Oliveira, G.
J. G., Maziviero, M. V,, and Gées, A. M. (2019b). Impact cratering: The
South American record — Part 2. Geochemistry — Chemie der Erde, Vol. 79,
pp. 191-220.

Currie, K. L. (1965) The geology of the New Quebec crater. Canadian Journal
of Earth Sciences, Vol. 2, pp. 141-160.

Currie, K. L. (1969). Geological notes on the Carswell circular structure, Sas-
katchewan. Canadian Geological Survey of Canada Paper 67-32, 60 pp.

Currie, K. L. (1970). New Canadian cryptoexplosion crater at Lake St Martin,
Manitoba. Nature, Vol. 226, pp. 839-841.

Currie, K. L. (1971). Geology of the resurgent cryptoexplosion crater at Mis-
tastin Lake, Labrador. Geological Survey of Canada, Bulletin 207, 62 pp.

Currie, K. L., and Dence, M. R. (1963). Rock deformation in the rim of the
New Quebec crater, Canada. Nature, Vol. 198, p. 153.

D’'Orazio, M., Folco, L., Zeoli, A., and Cordier, C. (2011). Gebel Kamil: the iron
meteorite that formed the Kamil Crater (Egypt). Meteoritics and Planetary
Science, Vol. 46, pp. 1179-1196.

Darlington, V., Blenkinsop, T., Dirks, P, Salisbury, J., and Tomkins, A. (2016).
The Lawn Hill annulus: An Ordovician meteorite impact into water-saturated
dolomite. Meteoritics and Planetary Science, Vol. 51, pp. 2416-2440.

De Mille, G. (1960). Elbow structure of south-central Saskatchewan. Journal of
the Alberta Society of Petroleum Geologists, Vol. 8, pp. 154-162.

Dence, M. R. (1968). Shock zoning at Canadian craters: Petrography and struc-
tural observations. In: Shock Metamorphism of Natural Materials, French,
B. M., and Short, N. M. (eds.), Mono Book Corp., Baltimore, pp. 169-184.

Dence, M. R., and Popelar, J. (1972). Evidence for an impact origin for Lake
Wanapitei, Ontario, In: New Developments in Sudbury Geology, Guy-Bray,
J. V. (ed.), Geological Association of Canada Special Paper, No. 10, 117 pp.

Dence, M. R., Innes, M. J. S., and Robertson, P B. (1968). Recent geological
and geophysical studies of Canadian craters. In: Shock Metamorphism
of Natural Materials, French, B. M., and Short, N. M. (eds.), Mono Book
Corp., Baltimore, pp. 339-362.

Dence, M. R., Grieve, R. A. F, and Robertson, P B. (1977). Terrestrial impact
structures: Principal characteristics and energy considerations. In: Impact
and Explosion Cratering, Roddy, D. J., Pepin, R. O., and Merrill, R. B. (eds.),
Pergamon Press, New York, pp. 247-275.

Dentith, M. C., Bevan, A. W. R., Backhouse, J., Featherstone, W. E., and Koeberl,
C. (1999). Yallalie: a buried structure of possible impact origin in the Perth
Basin, Western Australia. Geological Magazine, Vol. 136, pp. 619-632.

Deptuck, M. A., and Campbell, D. C. (2012). Widespread erosion and mass
failure from the ~51 Ma Montagnais marine bolide impact off southwest-
ern Nova Scotia, Canada. Canadian Journal of Earth Sciences, Vol. 49,
pp. 1576-1594.

Deutsch, A., and Koeberl, C. (2006). Establishing the link between the Chesa-
peake Bay impact structure and the North American tektite strewn field:
The Sr-Nd isotopic evidence. Meteoritics and Planetary Science, Vol. 41,
pp. 689-703.

Deutsch, A., Buhl, D., and Langenhorst, F (1992). On the significance of crater
ages: new ages for Dellen (Sweden) and Araguainha (Brazil). Tectonophys-
ics, Vol. 216, pp. 205-218.

Deutsch, A., Masaitis, V. L., Langenhorst, F, and Grieve, R. A. F (2000). Popi-
gai, Siberia — well preserved giant impact structure, national treasury, and
world’s geological heritage. Episodes, Vol. 23, pp. 3-11.

Dewing, K., Pratt, B. R., Hadlari, T., Brent, T., Bédard, J., and Rainbird, R. H.
(2013). Newly identified “Tunnunik” impact structure, Prince Albert Penin-
sula, northwestern Victoria Island, Arctic Canada. Meteoritics and Planetary
Science, Vol. 48, pp. 211-223.

Dietz, R. (1960). Meteorite impact suggested by shatter cone in rock. Science,
Vol. 131, pp. 1781-1784.

Dietz, R. S. (1947). Meteorite impact suggested by the orientation of shatter
cones at the Kentland, Indiana, disturbance. Science, Vol. 105, pp. 42-43.

Dietz, R. S. (1959). Shatter cones in cryptoexplosion structures (Meteorite im-
pact?). Journal of Geology, Vol. 67, No. 5, pp. 496-505.

Dietz, R. S. (1966). Shatter cones at the Middlesboro structure, Kentucky. Me-
teoritics, Vol. 3, pp. 27-29.

Dietz, R. S. (1967). Shatter cone orientation at Gosses Bluff astrobleme. Nature,
Vol. 216, pp. 1082-1084.

Dietz, R. S., and Butler, L. W. (1964). Shatter-cone orientation at Sudbury,
Canada. Nature, Vol. 204, pp. 280-281.

Dietz, R. S., and French, B. M. (1973). Two probable astroblemes in Brazil.
Nature, Vol. 244, pp. 561-562.

577


https://doi.org/10.1080/07038992.2018.1544846
https://doi.org/10.1080/07038992.2018.1544846

Dietz, R. S., and McHone, J. F. (1976). EI'gygytgyn: Probably the world’s largest
meteorite crater. Geology, Vol. 4, pp. 391-392.

Dietz, R. S., and Lambert, P (1980). Shock metamorphism at Crooked Creek
cryptoexplosion structure, MO (abstract). Meteoritics, Vol. 15, pp. 281-282.

Dietz, R. S., and McHone, J. F (1991). Astroblemes recently confirmed with
shatter cones. Meteoritics, Vol. 26, pp. 332.

Donadini, F, Plado, J., Werner, S. C., Salminen, J., Pesonen, L. J., and Lehtinen,
M. (2006). New evidence for impact from the Suvasvesi South structure,
central east Finland. In: Biological Processes Associated with Impact Events,
Cockell, C., Koeberl, C., and Gilmour, I. (eds.), Springer, Berlin, Heidel-
berg, pp. 287-307.

Donofrio, R. R. (1997). Survey of hydrocarbon-producing impact structures in
North America: Exploration results to date and potential for discovery in
Precambrian basement rock. In: Ames Structure in Northwest Oklahoma
and Similar Features. Origin and Petroleum Production, Johnson, K. S., and
Campbell, J. A. (eds.), Oklahoma Geological Survey, Norman, Oklahoma,
Circular 100, pp. 17-29.

Dons, J. A., and Naterstad, J. (1992). The Gardnos impact structure, Norway
(Abstract). Meteoritics, Vol. 27, p. 215.

Dressler, B. (1990). Shock metamorphic features and their zoning and orien-
tation in the Precambrian rocks of the Manicouagan Structure, Quebec.
Tectonophysics, Vol. 171, pp. 229-245.

Dressler, B. O. (1982). Geology of the Wanapitei Lake area, District of Sudbury.
Ontario Geological Survey Report, Vol. 213, 131 pp.

Dressler, B. O. (1984). The effects of the Sudbury event and the intrusion of the
Sudbury Igneous Complex on the footwall rocks of the Sudbury structure.
In: The Geology and Ore Deposits of the Sudbury Structure, Pye, E. G.,
Naldrett, A. J., and Giblin, P E. (eds.), Ontario Geological Survey, Special
Volume 1, pp. 97-136.

Dressler, B. O., Crabtree, D., and Schuraytz, B. C. (1997). Incipient melt forma-
tion and devitrification at the Wanapitei impact structure, Ontario, Canada.
Meteoritics and Planetary Science, Vol. 32, pp. 249-258.

Dressler, B. O., Sharpton, V. L., and Schuraytz, B. C. (1998). Shock meta-
morphism and shock barometry at a complex impact structure: Slate
Islands, Canada. Contributions to Mineralogy and Petrology, Vol. 130,
pp. 275-287.

Dumont, P (1990). Plaidoyer pour une revalorisation des photographies
aériennes. Bulletin de la Société belge de Géologie, Vol. 99, pp. 57-65.

Dunster, J. N., Haines, P W., and Munson, T. J. (2014). Meteorites and impact
structures in the Northern Territory. Northern Territory Geological Survey,
Record 2014-007, 48 pp.

Dypvik, H., Gudlaugsson, S. T., Tsikalas, F, Attrep, M. Jr., Ferrell, R. E. Jr.,
Krinsley, D. H., Mork, A., Faleide, J. I., and Nagy, J. (1996). MjalInir struc-
ture: An impact crater in the Barents Sea. Geology, Vol. 24, pp. 779-782.

Dypvik, H., Tsikalas, F, and Smelror, M. (eds.) (2010). The Mjalnir Impact
Event and its Consequences. Geology and Geophysics of a Late Jurassic/
Early Cretaceous Marine Impact event. Springer Berlin Heidelberg, 318 pp.

Earth Impact Database: http://www.passc.net/EarthimpactDatabase/New
website_05-2018/Index.html

Eggleton, R. E., and Shoemaker, E. M. (1961). Breccia at Sierra Madera, Texas.
U.S. Geological Survey Professional Paper, Vol. 424-D, pp. D151-D153.

Eitel, M., Gilder, S. A., Spray, J. G., Thompson, L. M., and Pohl, J. (2016). A
paleomagnetic study of the Manicouagan impact structure: Implications for
crater formation and geodynamo effects. Journal of Geophysical Research
— Solid Earth, Vol. 121, pp. 436-454.

Ekern, G. L., and Thwaites, F (1930). The Glover Bluff structure, a disturbed
area in the Paleozoic of Wisconsin. Wisconsin Academy of Sciences, Trans-
actions, Vol. 25, pp. 89-97.

El Kerni, H., Chennaoui-Aoudjehane, H., Baratoux, D., Aoudjehane, M., Char-
riere, A. lbouh, H., Rochette, P, Quesnel, Y., Uehara, M., Kenkmann, T,
Wulf, G., Poelchau, M. H., Nguyen, V.B., Aboulahris, M., Makhoukhi, S.,
Aumaitre, G., Bourlés, D., and Keddadouche, K. (2019) Geological and
geophysical studies of the Agoudal impact structure (Central High Atlas,
Morocco): New evidence for crater size and age. Meteoritics and Planetary
Science, Vol. 54, pp. 2483-2509.

Elo, S., Kivekas, L., Kujala, H., Lahti, S. 1., and Pihlaja, P (1992). Recent stud-
ies of the Lake Saaksjérvi meteorite impact crater, southwestern Finland
(extended abstract). Tectonophysics, Vol. 216, pp. 163-167.

Elo, S., Kuivasaari, T., Lehtinen, M., Sarapaé, O., and Uutela, A. (1993).
Iso-Naakkima, a circular structure filled with neoproterozoic sediments,
Piekséméki, Southeastern Finland. Bulletin of the Geological Society of
Finland, Vol. 65, pp. 3-30.

Emrich, G. H., and Bergstrom, R. E. (1962). Des Plaines disturbance, Northeast-
ern lllinois. Geological Society of America Bulletin, Vol. 73, pp. 959-968.

Englund, K. J., and Roen, J. B. (1963). Origin of the Middlesboro Basin, Ken-
tucky. U.S. Geological Survey Professional Paper, Vol. 450-E, pp. E20-E22.

Erickson, T. M., Kirkland, C. L., Timms, N. E., Cavosie, A. J., and Davison,
T. M. (2020). Precise radiometric age establishes Yarrabubba, Western

578

Selected References

Awustralia, as Earth’s oldest recognised meteorite impact structure. Nature
Communications 11, Article #300, pp. 1-8.

Ernst, B., and Paulson, T. (2011). New constraints on the timing of deforma-
tion at the Glover Bluff structure near Coloma, WI, from a calcite twinning
analysis (abstract). Geological Society of America Annual Meeting, Min-
neapolis, Minnesota, Abstracts with Programs, Vol. 43, p. 188.

Evenick, J. C., Lee, P, and Deane, B. (2004). Flynn Creek impact structure:
New insights from breccias, melt features, shatter cones, and remote
sensing. 35" Lunar and Planetary Science Conference, League City, Texas,
Abstract #1131.

Fabre, J., Kazi-Tani, N., and Megartsi, M. (1970). Le rond de I'Ouarkziz (Sa-
hara nordoccidental), un astrobléme. Comptes Rendus de I’Académie des
Sciences, Paris, Vol. D270, pp. 1212-1215.

Fackelman, S. P, McElvain, T. H., Morrow, J. R., and Koeberl, C. (2007). Shatter
cone exposures indicate a new bolide impact structure near Santa Fe, New
Mexico. 38" Lunar and Planetary Science Conference, Lunar and Planetary
Institute, Houston, Texas, Abstract #1207.

Fackelman, S. P, Morrow, J. R., Koeberl, C., and McElvain, T. H. (2008). Shatter
cone and microscopic shock-alteration evidence for a post-Paleoproterozoic
terrestrial impact structure near Santa Fe, New Mexico, USA. Earth and
Planetary Science Letters, Vol. 270, pp. 290-299.

Fazio, A., Folco, L., D’Orazio, M., Frezzotti, M. L., and Cordier, C. (2014).
Shock metamorphism and impact melting in small impact craters on Earth:
Evidence from Kamil Crater, Egypt. Meteoritics and Planetary Science,
Vol. 49, pp. 2175-2200.

Fel’dman, V. I., Granovsky, L. B., and Lomonosov, M. V. (1978). Meteoritic
crater Shunak, the central Kazakhstan, U.S.S.R. (abstract). 9* Lunar and
Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, pp. 312-313.

Fel’dman, V. I., Mironovy, Y. U., Melikhov, V. R., Ivanov, B. A., and Basilevskay,
T. (1985). Astroblemes on trap — peculiarities of the inner structure, distinc-
tion from the impact structure on the other targets (in Russian). Meteoritika,
Vol. 44, pp. 139-145.

Ferriére, L., Raiskila, S., Osinski, G. R., Pesonen, L. J., and Lehtinen, M. (2010).
The Keurusselké impact structure, Finland — Impact origin confirmed by
characterization of planar deformation features in quartz grains. Meteoritics
and Planetary Science, Vol. 45, pp. 434-446.

Ferriere, L., Lubala, F R. T., Osinski, G. R., and Kaseti, P K. (2011). The newly
confirmed Luizi impact structure, Democratic Republic of Congo — insights
into central uplift formation and post-impact erosion. Geology, Vol. 39,
pp. 851-854.

Firsov, L., and Kieffer, S. W. (1973). Concerning the meteoritic origin of the
Puchezh-Katunki Crater. Meteoritics, Vol. 8, pp. 223-244.

Fiske, P S., Hargraves, R. B., Onstott, T. C., Koeberl, C., and Hougen, S. B.
(1994). Pseudotachylites of the Beaverhead impact structure: Geochemi-
cal, geochronological, petrographic, and field investigations. Geological
Society of America Special Paper, Vol. 293, pp. 163-176.

Flodén, T., Tunander, P, and Wickman, F. E. (1986). The Tvéren Bay structure,
an astrobleme in southeastern Sweden. Geologiska Féreningen i Stockholm
Férhandlingar, Vol. 108, pp. 225-234.

Floran, R. J., Grieve, R. A. F, Dence, M. R., Phinney, W. C., Warner, J. L.,
Blanchard, D. P, and Simonds, C. H. (1978). Manicouagan impact melt,
Quebec. |. Stratigraphy, petrology, and chemistry. Journal of Geophysical
Research, Vol. 83, pp. 2737-2759.

Florenskiy, P V., and Dabizha, A. I. (1980). Meteoritniy krate’r Zhamanshin (in
Russian), Moscow, Nauka Press, pp. 1-127. Translation in NASA Technical
Memorandum NASA TM-88531, 1987.

Florenskiy, P V., Short, N., Winzer, S. R., and Fredriksson, K. (1977). The
Zhamanshin structure: Geology and petrography (abstract). Meteoritics,
Vol. 12, pp. 227-228.

Florensky, K. P (1963). Previous results of the Tunguska meteoritic complex
expedition of 1961. Meteoritika, Vol. 23, pp. 3-29. (in Russian).

Folco, L., Di Martino, M., El Barkooky, A., D'Orazio, M., Lethy, A., Urbini, S.,
Nicolosi, I., Hafez, M., Cordier, C., van Ginneken, M., Zeoli, A., Radwan,
A.M., El Khrepy, S., El Gabry, M., Gomaa, M., Barakat, A. A., Serra, R., and
El Sharkawi, M. (2010). The Kamil Crater in Egypt. Science, Vol. 329, p. 804.

Folco, L., Di Martino, M., El Barkooky, A., D'Orazio, M., Lethy, A., Urbini, S.,
Nicolosi, I., Hafez, M., Cordier, C., van Ginneken, M., Zeoli, A., Radwan,
A.M., El Khrepy, S., El Gabry, M., Gomaa, M., Barakat, A. A., Serra, R.,
and El Sharkawi, M. (2011). Kamil Crater (Egypt): ground truth for small
scale meteorite impact on Earth. Geology, Vol. 39, pp. 179-182.

Folco, L., Mugnaioli, E., Gemelli, M., Masotta, M., and Campanale, F (2018).
Direct quartz-coesite transformation in shocked porous sandstone from
Kamil Crater (Egypt). Geology, Vol. 46, pp. 739-742.

Folco, L., Reimold, W. U., and El Barkooky, A. (2019). Impact craters and
meteorites: the Egyptian record. In: The Geology of Egypt, Hamimi, Z., El
Barkooky, A., Martinez-Frias, J., Fritz, H., and Abdelrahman, Y. M. (eds.),
Springer Publishers, Regional Geology Reviews, pp. 415-444.



Ford, J. R. H., Orchiston, W., and Clendening, R. (2012). The Wells Creek
meteorite impact site and changing views on impact cratering. Journal of
Astronomical History and Heritage, Vol. 15, pp. 159-178.

Forsman, N. F, Gerlach, T. R., and Anderson, N. L. (1996). Impact origin of the
Newporte structure, Williston Basin, North Dakota. American Association
of Petroleum Geologists Bulletin, Vol. 80, pp. 721-730.

Fredriksson, K., Dube, A., Milton, D., and Balasundaram, M. (1973). Lonar
Lake, India: an impact crater in basalt. Science, Vol. 180, pp. 862-864.

French, B. M. (1998). Traces of Catastrophe: AHandbook of Shock-Metamorphic
Effects in Terrestrial Meteorite Impact Structures. LPI Contribution No. 954,
Lunar and Planetary Institute, Houston, 120 pp. Available at http://www.
Ipi.usra.edu/publications/books/CB-954/CB-954.pdf

French, B. M., Hartung, J. B., Short, N. M., and Dietz, R. S. (1970). Tenoumer
crater, Mauritania: Age and petrologic evidence for origin by meteorite
impact. Journal of Geophysical Research, Vol. 75, pp. 4396-4406.

French, B. M., Underwood, J R., and Fisk, E. P (1974). Shock metamorphic
features in two meteorite impact structures, south-eastern Libya. Geological
Society of America Bulletin, Vol. 85, pp. 1425-1428.

French, B. M., Koeberl, C., Gilmour, I., Shirley, S. B., Dons J. A., and Nater-
stad, J. (1997). The Gardnos impact structure, Norway: Petrology and
geochemistry of target rocks and impactites. Geochimica et Cosmochimica
Acta, Vol. 61, pp. 873-904.

French, B. M., Cordua, W. S., and Plescia, J. B. (2004). The Rock EIm meteorite
impact structure, Wisconsin; geology and shock-metamorphic effects in
quartz. Geological Society of America Bulletin, Vol. 116, pp. 200-218.

French, B. M., McKay, R. M., Liu, H. P, Briggs, D. E. G., and Witzke, B. J.
(2018). The Decorah structure, northeastern lowa: Geology and evidence
for formation by meteorite impact. Geological Society of America Bulletin,
Vol. 130, pp. 2062-2086.

Frisk, A. M., and Orms, J. (2007). Facies distribution of post-impact sediments
in the Ordovician Lockne and Tvéren impact craters; indications for unique
impact-generated environments. Meteoritics and Planetary Science, Vol. 42,
pp. 1971-1984.

Fudali, R., Milton, D., Fredriksson, K., and Dube, A. (1980). Morphology of
Lonar crater, India: comparisons and implications. Moon and Planets,
Vol. 23, pp. 493-515.

Fudali, R. F, and Cassidy, W. A. (1972). Gravity reconnaissance at three
Mauretanian craters of explosive origin. Meteoritics, Vol. 7, pp. 51-70.
Ganapathy, R. (1983). The Tunguska explosion of 1908: discovery of meteoritic
debris near the explosion site and at the South Pole. Science, Vol. 220,

pp. 1158-1161.

Gasperini, L., Bonatti, E., Albertazzi, S., Forlani, L., Accorsi, C. A., Longo, G.,
Ravaioli, M., Alvisi, F, Polonia, A., and Sacchetti, F. (2009). Sediments from
Lake Cheko (Siberia), a possible impact crater for the 1908 Tunguska event.
Terra Nova, Vol. 21, pp. 489-494.

Genest, S., Robert, F, and Duhamel, I. (2010). The Carswell impact event,
Saskatchewan, Canada: Evidence for a pre-Athabasca multiring basin?
In: Large Meteorite Impacts and Planetary Evolution IV, Gibson, R. L.,
and Reimold, W. U. (eds.), Geological Society of America Special Paper,
Vol. 465, pp. 543-570.

Gent, M. R., Kreis, L. K., and Gendzwill, D. (1992). The Maple Creek structure,
southwestern Saskatchewan. Summary of Investigations 1992, Saskatch-
ewan Geological Survey, Rep. 92-4, pp. 204-208.

Giacomini, B. B., Leite, E. P, and Crésta, A. P (2017). 3D gravimetric investiga-
tion of the Cerro do Jarau structure, Rio Grande do Sul, Brazil. Meteoritics
and Planetary Science, Vol. 52, pp. 565-583.

Gibson, J. W. Jr.,, and Sharpton, V. L. (1989). Marquez Dome: A newly recog-
nized complex impact structure in east Texas (abstract). AGU Spring Meet-
ing, Baltimore, Maryland, EOS, Transactions of the American Geophysical
Union, Vol. 70, p. 383

Gibson, R. L., and Reimold, W. U. (2005). Shock pressure distribution in the
Vredefort impact structure, South Africa. In: Large Meteorite Impacts lll,
Kenkmann, T., Hérz, F, and Deutsch, A. (eds.), Geological Society of
America, Special Paper, Vol. 384, pp. 329-349.

Gibson, R. L., and Reimold, W. U. (2008). The Geology of the Vredefort impact
structure. Memoir 97, Council for Geoscience, Pretoria, 181 pp.

Gibson, R. L., Reimold, W. U., Baegi, M., Crosta, A. P, Shbeli, E., Eshwedi, A.,
and Plescia, J. (2011). Remote sensing analysis and field mapping of the
Ooasis structure, Libya (abstract). 2" Arab Impact Cratering and Astrogeol-
ogy Conference (AICAC Il), Casablanca, Morocco, pp. 47-48.

Gilmour, I., French, B. M., Franchi, I. A., Abbott, J. |., Hough, R. M., Newton,
J., and Koeberl, C. (2003). Geochemistry of carbonaceous impactites from
the Gardnos impact structure, Norway. Geochimica et Cosmochimica Acta,
Vol. 67, pp. 3889-3903.

Glass, B. P (1979). Zhamanshin crater, a possible source of Australasian
tektites? Geology, Vol. 7, pp. 351-353.

Glass, B. P (2002). Upper Eocene impact ejecta/spherule layers in marine
sediments. Chemie der Erde — Geochemistry, Vol. 62, pp. 173-196.

Selected References

Glikson, A. Y., Hickman, A. H., and Vickers, J., (2008). Hickman Crater, Oph-
thalmia Range, Western Australia: evidence supporting a meteorite impact
origin. Australian Journal of Earth Sciences, Vol. 55, pp. 1107-1117.

Glikson, A., Hickman, A., and Crossley, R. (2016). Evidence for a shock-
metamorphic breccia within a buried impact crater, Lake Raeside, Yilgarn
Craton, Western Australia. Australian Journal of Earth Sciences, Vol. 63,
pp. 929-109.

Gnos, E., Hofmann, B. A., Halawani, M. A., Tarabulsi, Y., Hakeem, M., Al
Shanti, M., Greber, N. D., Holm, S., Alwmark, C., Greenwood, R. C., and
Ramseyer, K. (2013). The Wabar impact craters, Saudi Arabia, revisited.
Meteoritics and Planetary Science, Vol. 48, pp. 2000-2014.

Gohn, G. S., Koeberl, C., Miller, K. G., Reimold, W. U., Browning, J. V., Cockell,
C. S., Horton, J. W., Kenkmann, T., Kulpecz, A. A., Powars, D. S., Sanford,
W. E., and Voytek, M. A. (2008). Deep drilling into the Chesapeake Bay
impact structure. Science, Vol. 320, pp. 1740-1745.

Gold, D. P, Tanner, J. G., and Halliday, D. W. (1978). The Lac La Moinerie
crater: A probable impact site in New Quebec. Geological Society of
America, Vol. 10, pp. 44.

Goldin, T. J., Winnemann, K., Melosh, H. J., and Collins, G. S. (2006). Hy-
drocode modeling of the Sierra Madera impact structure. Meteoritics and
Planetary Science, Vol. 41, pp. 1947-1958

Gorter, J. D., Gostin, V. A., and Plummer, P S. (1989). The enigmatic sub-
surface Tookoonooka Complex in south-west Queensland: its impact
origin and implications for hydrocarbon accumulations. In: The Cooper
and Eromanga Basins, Australia, O'Neil, B. J. (ed.), Petroleum Exploration
Society of Australia, Adelaide, pp. 441-456.

Gostin, V. A., and Therriault, A. M. (1997). Tookoonooka, a large buried Early
Cretaceous impact structure in the Eromanga Basin of southwestern Queens-
land, Australia. Meteoritics and Planetary Science, Vol. 32, pp. 593-599.

Gofttwald, M., Fritz, T. Helko, B., Schéttler, B., and Harris, A. (2017). Remote
Sensing of terrestrial impact craters: The TanDEM-X digital elevation model.
Meteoritics and Planetary Science, Vol. 52, pp. 1412-1427.

Grant, J. A., and Schultz, P H. (1993). Erosion of ejecta at Meteor Crater,
Arizona. Journal of Geophysical Research, Vol. 98, pp. 15033-15047.

Grieve, R. A. F (1978). The melt rocks at Brent crater, Ontario, Canada.
Proceedings of the 9" Lunar and Planetary Science Conference, Houston,
Texas, Pergamon Press, New York, pp. 2579-2608.

Grieve, R. A. F (1988). The Haughton impact structure: Summary and synthesis
of the results of the HISS project. Meteoritics, Vol. 23, pp. 249-254.

Grieve, R. A. F (1989). Manson structure implicated. Nature, Vol. 340,
pp. 428-429.

Grieve, R. A. F (2006). Impact Structures in Canada. Geological Association
of Canada, GeoText No. 5, 210 pp.

Grieve, R. A. F, and Robertson, P B. (1976). Variations in shock deformation
at the Slate Islands impact structure, Lake Superior, Canada. Contributions
to Mineralogy and Petrology, Vol. 58, pp. 37-49.

Crieve, R. A. F, and Floran, R. J. (1978). Manicouagan impact melt, Quebec.
2. Chemical interactions with basement and formational processes. Journal
of Geophysical Research, Vol. 83, pp. 2761-2771.

Grieve, R. A. E, and Stéffler, D. (1991). The Sudbury Structure: Controversial
or Misunderstood? Journal of Geophysical Research, Vol. 96, pp. 22 753-
22764.

Crieve, R. A. F, and Ber, T. (1994). Shocked lithologies at the Wanapitei impact
structure, Ontario, Canada. Meteoritics, Vol. 29, pp. 621-631.

Grieve, R. A. F, Reny, G., Guroy, E. P, and Ryabenko, A. (1987). The melt rocks
of the Boltysh impact crater, Ukraine, U.S.S.R. Contributions to Mineralogy
and Petrology, Vol. 96, pp. 56-62.

Grieve, R. A. F, Wood, C. A., Garvin, J. B., Mclaughlin, G., and McHone,
J. F (1988). Astronaut’s Guide to Terrestrial Impact Craters. Lunar and
Planetary Institute Technical Report, 88-03, Lunar and Planetary Institute,
Houston, 89 pp.

Grieve, R. A. E, Garvin, J. B., Coderre, J. M., and Rupert, J. (1989). Test of a
geometric model for the modification stage of simple impact crater devel-
opment. Meteoritics, Vol. 24, pp. 83-88.

Grieve, R. A. F, Kreis, K., Therriault, A. M., and Robertson, P B. (1998). Impact
structures in the Williston Basin. Meteoritics and Planetary Science, Vol. 33,
pp. A63-Ab4.

Grieve, R. A. F, Reimold, W. U., Morgan, J., Riller, U., and Pilkington, M. (2008).
Observations and interpretations at Vredefort, Sudbury and Chicxulub: To-
wards an empirical model of terrestrial impact basin formation. Meteoritics
and Planetary Science, Vol. 43, pp. 855-882.

Grosse, E. (1919). Grundlinien der Geologie und Petrographie des stlichen
Katanga. Neues Jahrbuch fir Mineralogie, Geologie und Palaontologie,
Beilage-Band, Vol. 42, pp. 272-419.

Gruber, A., Wessel, B., Martone, M., and Roth, A. (2016). The TanDEM-X DEM
mosaicking: Fusion of multiple acquisitions using InSAR quality parameters.
IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing, Vol. 9, pp. 1047-1057.

579


http://www.lpi.usra.edu/publications/books/CB-954/CB-954.pdf
http://www.lpi.usra.edu/publications/books/CB-954/CB-954.pdf

Gudlaugsson, S. T. (1993). Large impact crater in the Barents Sea. Geology,
Vol. 21, pp. 291-294.

Guillemot, J. (1962). Structures anticlinales circulaires d’origine mal connue.
Photo interprétation. Technip Editions, fascicule 4.

Guppy, D. J., Brett, R., and Milton, D. J. (1971). Liverpoool and Strangways
craters, Northern Territory: two structures of probable impact origin. Journal
of Geophysical Research, Vol. 76, pp. 5387-5393.

Gupta, R. D., Banerjee, A., Goderis, S., Claeys, P, Vanhaecke, F, and
Chakrabarti, R. (2017). Evidence for a chondritic impactor, evaporation-
condensation effects and melting of the Precambrian basement beneath the
target’ Deccan basalts at Lonar crater, India. Geochimica et Cosmochimica
Acta, Vol. 215, pp. 51-75.

Gurov, E., Gurova, E., Chernenko, Y., and Yamnichenko, A. (2009). The
Obolon impact structure, Ukraine, and its ejecta deposits. Meteoritics and
Planetary Science, Vol. 44, pp. 389-404.

Gurov, E., Nikolaenko, N., Shevchuk, H., and Yamnichenko, A. (2017).
Kamenetsk — A new impact structure in the Ukrainian Shield. Meteoritics
and Planetary Science, Vol. 52, pp. 2461-2469.

Guroy, E. P (1988). The Kara-Kul Lake depression in the Pamirs — A Probable
Astrobleme (abstract). 8" Soviet-American Microsymposium, Moscow,
Russia, pp. 37-39.

Guroy, E. P, and Gurova, E. P (1995). Impact-melt composition of the Obolon
crater; chlorine as a possible indicator of the submarine crater formation.
Meteoritics and Planetary Science, Vol. 30, p. 515.

Gurov, E. P, and Gurova, E. P (1998). The group of Macha craters in western
Yakutia. Planetary Space Science, Vol. 46, pp. 323-328.

Gurov, E. P, Gurova, H. P, Rakitskaya, R. B., and Yamnichenko, A. Y. (1993).
The Karakul depression in the Pamirs — the first impact structure in central
Asia (abstract). 24" Lunar and Planetary Science Conference, Lunar and
Planetary Institute, Houston, Texas, pp. 591-592.

Guroy, E. P, Koeberl, C., and Reimold, W. U. (1998). Petrography and geo-
chemistry of target rocks and impactites from the llyinets Crater, Ukraine.
Meteoritics and Planetary Science, Vol. 33, pp. 1317-1333.

Guroy, E. P, Gurova E. P, and Sokur, T. M. (1999) Impact diamonds in the
rocks of the Zapadnaya astrobleme (in Russian). Mineralni resursi Ukraini,
Vol. 3, pp. 30-32.

Gurov, E. P, Gurova, E. P, and Sokur, T. M. (2002). Geology and petrography
of the Zapadnaya impact crater in the Ukrainian Shield. In: Impacts in
Precambrian Shields, Plado, J., and Pesonen, L. J. (eds.), Springer, Berlin
Heidelberg, pp. 173-188.

Guroy, E. P, Koeberl, C., Reimold, W. U., Brandstéitter, F., and Amare, K. (2005).
Shock metamorphism of siliceous volcanic rocks of the El'gygytgyn impact
crater (Chukotka, Russia). In: Large Meteorite Impacts lll. Kenkmann, T.,
Hoérz, F, and Deutsch, A. (eds.), Geological Society of America Special
Paper, Vol. 384, pp. 391-412.

Guroy, E. P, Kelley, S. P, Koeberl, C., and Dykan, N. I. (2006). Sediments
and impact rocks filling the Boltysh impact crater. In: Biological Processes
Associated with Impact Events, Cockell, C. S., Koeberl, C., and Gilmour,
. (eds.), Springer, Berlin Heidelberg, pp. 335-358.

Guroy, E. P, Koeberl, C., and Yamnichenko, A. (2007). El'gygytgyn impact
crater, Russia: Structure, tectonics and morphology. Meteoritics and Planetary
Science, Vol. 42, pp. 307-319.

Gutschick, R. C. (1982). Geology of the Kentland structural anomaly, northwest-
ern Indiana — update. Purdue University, Department of Geosciences, and
Geological Society of America, North-Sentral Section, Guidebook 4, 38 pp.

Haines, P W. (1996). Goyder impact structure, Arnhem Land, Northern Ter-
ritory. AGSO Journal of Australian Geology and Geophysics, Vol. 16,
pp. 561-566.

Haines, P W. (2005) Impact cratering and distal ejecta: the Australian record.
Awustralian Journal of Earth Sciences, Vol. 52, pp. 481-507.

Haines, P W. (2014). Collaborative scientific drilling at Hickman Crater. In:
GSWA 2014 extended abstracts: Promoting the prospectivity of Western
Australia. Geological Survey of Western Australia, Record 2014/2, pp. 1-4.

Haines, P W. (2017). Drilling to basement at Hickman Crater, Western Aus-
tralia. In: International Workshop on Shock Metamorphism in Terrestrial
and Extra-terrestrial Rocks. June 26-29, 2017, Curtin University, Perth.

Haines, P W., and Rawlings, D. J. (2002). The Foelsche structure, Northern
Territory, Australia: an impact crater of probable Neoproterozoic age.
Meteoritics and Planetary Science, Vol. 37, pp. 269-280.

Haines, P W., Therriault, A. M., and Kelly S. P (1999). Evidence for mid-
Cenozoic(?) low-angle multiple impacts in South Australia. Meteoritics and
Planetary Sciences, Vol. 34 (Suppl.), pp. A49-A50.

Haines, P W., Sweet, |. P, and Mitchell, K. (2012). Cleanskin structure, North-
ern Territory and Queensland, Australia: evidence for an impact origin.
Meteoritics and Planetary Science, Abstract. #5176.

Halliday, I., and Griffin, A. A. (1963). Evidence in support of a meteoritic origin
for West Hawk Lake, Manitoba, Canada. Journal of Geophysical Research,
Vol. 68, pp. 5297-5305.

580

Selected References

Halliday, I., and Griffin, A. A. (1967). Summary of drilling at the West Hawk
Lake crater. Journal of the Royal Astronomical Society of Canada, Vol. 61,
pp. 1-8.

Halls, H. C. (1975). Shock-induced remanent magnetization in Late Precambrian
rocks from Lake Superior. Nature, Vol. 255, pp. 692-695.

Halls, H. C., and Grieve, R. A. E (1976). The Slate Islands: a probable complex
meteorite impact structure in Lake Superior. Canadian Journal of Earth
Sciences, Vol. 13, pp. 1301-1309.

Hamacher, D. W., and O’Neill, C. (2013). The discovery and history of the
Dalgaranga meteorite crater, Western Australia. Australian Journal of Earth
Sciences, Vol. 60, pp. 637-646.

Hamann, C., Hecht, L., Ebert, M., and Wirth, R. (2013). Chemical projectile-
target interaction and liquid immiscibility in impact glass from the Wabar
craters, Saudi Arabia. Geochimica et Cosmochimica Acta, Vol. 121,
pp. 291-310.

Hargraves, R. B., Christiansen, P P, Cullicott, C. E., Deffeyes, K. S., Fiske, P S.,
and Hougen, S. (1990). Shatter cones and shocked rocks in southwestern
Montana: The Beaverhead impact structure. Geology, Vol. 18, pp. 832-834.

Hargraves, R. B., Kellogg, K. S., Fiske, P S., and Hougen, S. B. (1994). Al-
lochthonous impact-shocked rocks and superimposed deformations at
the Beaverhead site in southwest Montana. Geological Society of America
Special Paper, Vol. 293, pp. 225-235.

Harms, J. E., Milton, D. J., Ferguson, J., Gilbert, D. J., Harris, W. K., and Goleby,
B. (1980). Goat Paddock cryptoexplosion crater, Western Australia. Nature,
Vol. 286, pp. 704-706.

Harper, C.T. (1982). Geology of the Carswell Structure, Central Part. Saskatche-
wan Geological Survey, Report 214, 6 pp.

Hart, R. J., Andreoli, M. A. G., Tredoux, M., Moser, D., Ashwal, L. D., Eide,
E. A., Webb, S. J., and Brandt, D. (1997). Late Jurassic age for the Mo-
rokweng impact structure, southern Africa. Earth and Planetary Science
Letters, Vol. 147, pp. 25-35.

Hartung, J. B., and Anderson, R. R. (1988). A summary of data on the Manson
impact structure (abstract). 19" Lunar and Planetary Science Conference,
Lunar and Planetary Institute, Houston, Texas, pp. 455-456.

Hartung, J. B., and Anderson, R. R. (1996). A brief history on investigations of
the Manson impact structure. Geological Society of America Special Paper,
Vol. 302, pp. 31-43.

Hasch, M. Reimold, W. U., Raschke, U., and Zaag, P T. (2016). Shatter cones
at the Keurusselkd impact structure and their relation to local jointing.
Meteoritics and Planetary Science, Vol. 51, pp. 1534-1552.

Hauser, N., Reimold, W. U., Cavosie, A. J., Crésta, A. P, Schwarz, W. H., Trie-
loff, M., Da Silva Maia de Souza, C., Pereira, L. C., Rodrigues, E. N., and
Brown, M. (2019). Linking shock textures revealed by BSE, CL and EBSD
with U-Pb data (LA-ICP-MS and SIMS) in zircon from the Araguainha impact
structure, Brazil. Meteoritics and Planetary Science, 54, pp. 2386-2311.

Hawke, P J. (2003). Geophysical investigation of the Wolfe Creek meteorite
crater. Geological Survey of Western Australia Record 2003/10, 18 pp.

Hawke, P J., Buckingham, A. J., and Dentith, M. C. (2006). Modelling source
depth and possible origin of magnetic anomalies associated with the Yallalie
impact structure, Perth Basin, Western Australia. Exploration Geophysics,
Vol. 37, pp. 191-196.

Hecht, L., Reimold, W. U., Sherlock, S., Tagle, R., Koeberl, C., and Schmitt, R. T.
(2008). New impact melt rock from the Roter Kamm impact structure, Na-
mibia: further constraints on impact age, melt rock chemistry, and projectile
composition. Meteoritics and Planetary Science, Vol. 43, pp. 1201-1218.

Heinrichs, T., Salameh, E., and Khoury, H. (2014). The Wagf as Suwwan cra-
ter, Eastern Desert of Jordan: aspects of the deep structure of an oblique
impact from reflection seismic and gravity data. International Journal of
Earth Sciences, Vol. 103, pp. 233-252.

Heizmann, E. P J., und Reiff, W. (2002). Der Steinheimer Meteorkrater (in
German). Pfeil-Verlag, Minchen, 160 pp.

Hendricks, H. E. (1954). The geology of the Steelville quadrangle, Missouri.
Missouri Geological Survey and Water Resources [Report], 2" Series,
Vol. 36, 88 p.

Henkel, H. (1992). Geophysical aspects of meteorite impact craters in eroded
shield environment, with special emphasis on electric resistivity. Tectono-
physics, Vol. 216, pp. 63-89.

Henkel, H. (2018). Provisional translation of: Deep Drilling in the Puchezh-
Katunki Impact Structure (in Russian). Masaitis, V. L., and Pevzner, L. A.
(eds.), 1999, VSEGEI Press, St. Petersburg, 185 pp. Published by Henkel,
H., ISBN: 978-91-519-0289-0.

Henkel, H., and Pesonen, L. J. (1992). Impact craters and craterform structures
in Fennoscandia. Tectonophysics, Vol. 216, pp. 31-40.

Henkel, H., and Reimold, W. U. (1998). Integrated geophysical modeling of a
giant, complex impact structure: anatomy of the Vredefort Structure, South
Africa. Tectonophysics, Vol. 287, pp. 1-20.

Henkel, H., and Reimold, W. U. (2002). Magnetic model of the central uplift of
the Vredefort impact structure, South Africa. Journal of Applied Geophys-
ics, Vol. 51, pp. 43-62.



Henkel, H., Reimold, W. U., and Koeberl, C. (2002). Magnetic and gravity
model of the Morokweng impact structure. Journal of Applied Geophysics,
Vol. 49, pp. 129-147.

Henkel, H., Ekneligoda, T. C., and Aaro, S. (2010). The extent of impact in-
duced fracturing from gravity modeling of the Granby and Tvéren simple
craters. Tectonophysics, Vol. 485, pp. 290-305.

Herd, C. D. K., Froese, D. G., Walton, E. L., Kofman, R. S., Herd, E. P K.,
and Duke, M. J. M. (2008). Anatomy of a young impact event in central
Alberta, Canada: Prospects for the missing Holocene impact record. Geol-
ogy, Vol. 36, pp. 955-958.

Hergarten, S., and Kenkmann, T. (2015). The number of impact craters on
Earth: Any room for further discoveries? Earth and Planetary Science Let-
ters, Vol. 425, pp. 187-192.

Herrick, R. R., and Sharpton, V. L. (1997). Shallow seismic test at Marquez
Impact Structure. 28" Lunar and Planetary Science Conference, Lunar and
Planetary Institute, Houston, Texas, Part 2, pp. 557-558.

Hervé, G., Gilder, S. A., Marion, C. L., Osinski, G. R., Pohl, J., Petersen, N.,
and Sylvester, P J. (2015). Paleomagnetic and rock magnetic study of
the Mistastin Lake impact structure (Labrador, Canada): Implications for
geomagnetic perturbation and shock effects. Earth and Planetary Science
Letters, Vol. 417, pp. 151-163.

Hietala, S., and Moilanen, J. (2004). Keurusselkd — A new impact structure in
central Finland. 35" Lunar and Planetary Science Conference, Lunar and
Planetary Institute, Houston, Texas, Abstract #1619.

Higgins, M., and Tait, L. (1990). A possible new impact structure near Lac de
la Presqu'ile, Quebec, Canada. Meteoritics, Vol. 25, pp. 235-236.

Hische, R. (1994). Geology of the Clearwater Impact Structures (English transla-
tion). Ph.D. Thesis, Westfélische Wilhelms-Universitét Minster (Germany),
200 pp.

Hodge, P W. (1965). The Henbury meteorite craters. Smithsonian Contributions
to Astrophysics, Vol. 8, pp. 199-201.

Hodge, P W. (1979a). The location of the site of the Haviland meteorite crater.
Meteoritics, Vol. 14, pp. 233-234.

Hodge, P W. (1979b). Meteoritic material in the soil near two meteorite craters.
Meteoritics, Vol. 14, pp. 422-423.

Hodge, P W., and Wright, F W. (1970) Meteoritic spherules in the soil surround-
ing terrestrial impact craters. Nature, Vol. 225, pp. 717-718.

Hégbom, A. (1910). Minutes of the Geological Society Stockholm 3 meet-
ing. Geologiska Féreningen i Stockholm Férhandlingar, Vol. 32, pp. 482.

Holliday, V. T., Kring, D. A., Mayer, J. H., and Goble, R. J. (2005). Age and
effects of the Odessa meteorite impact, western Texas, USA. Geology,
Vol. 33, pp. 945-948.

Holm, S., Alwmark, C., Alvarez, W., and Schmitz, B. (2011). Shock barometry
of the Siljan impact structure, Sweden. Meteoritics and Planetary Science,
Vol. 46, pp. 1888-1909.

Holm-Alwmark, S., Alwmark, C., Ferriére, L., Lindstrém, S., Meier, M. M. M.,
Scherstén, A., Herrmann, M., Masaitis, V. L., Mashchak, M. S., Naumov, M.
V., and Jourdan, F (2019). An Early Jurassic age for the Puchezh-Katunki
impact structure (Russia) based on “°Ar-3°Ar data and palynology. Meteoritics
and Planetary Science, Vol. 54, pp. 1764-1780.

Honda, M., Caffee, M. W., Miura, Y. N., Nagai, H., Nagao, K., and Nishiizumi,
K. (2002). Cosmogenic nuclides in the Brenham pallasite. Meteoritics and
Planetary Science, Vol. 37, pp. 1711-1728.

Horton, J. W., and lzett, G. E. (2005). Crystalline-rock ejecta and shocked
minerals of the Chesapeake Bay impact structure, USGS-NASA Langley
core, Hampton, Virginia, with supplemental constraints on the age of
impact. In: Studies of the Chesapeake Bay Impact Structure — The USGS-
NASA Langley Corehole, Hampton, Virginia and Related Coreholes and
Geophysical Surveys, Horton, J. W., Powars, D. S., and Gohn, G. S. (eds.),
United States Geological Survey Professional Paper, Vol. 1688, pp. E1-E30.

Horton, J. W., Powars, D. S., and Gohn, D. S. (2005). Studies of the Chesa-
peake Bay impact structure — Introduction and discussion. In: Studies of the
Chesapeake Bay Impact Structure — The USGS-NASA Langley Corehole,
Hampton, Virginia and Related Coreholes and Geophysical Surveys,
Horton, J. W., Powars, D. S., and Gohn, G. S. (eds.), USGS Professional
Paper, Vol. 1688, A1-A24.

Hérz, F, Ostertag, R., and Rainey, D. A. (1983). Bunte Breccia of the Ries:
continuous deposits of large impact craters. Review of Geophysics and
Space Physics, Vol. 21, pp. 1667-1725.

Hérz, F, See, T. H., Murali, A. V., and Blanchard D. P (1989). Heterogene-
ous dissemination of projectile materials in the impact melts from Wabar
crater, Saudi Arabia. Proceedings of the 19" Lunar and Planetary Science
Conference, Houston, Texas, Cambridge University Press, Cambridge,
pp. 697-709.

Hoérz, F, Mittlefehldt, D. W., See, T. H., and Galindo, C. (2002). Petrographic
studies of the impact melts from Meteor Crater, Arizona, USA. Meteoritics
and Planetary Science, Vol. 37, pp. 501-531.

Selected References

Howard, K. A., Offield, T. W., and Wilshire, H. G. (1972). Structure of Sierra
Madera, Texas, as a guide to central peaks of lunar craters. Geological
Society of America Bulletin, Vol. 83, pp. 2795-2808.

Hower, J. C., Greb, S. F, Kuehn, K. W., and Eble, C. F (2009). Did the Mid-
dlesboro, Kentucky, bolide impact event influence coal rank? International
Journal of Coal Geology, Vol. 79, pp. 92-96.

Hughes, V. H. (1911). Reconnaissance work: Missouri Geological Survey and
Mines. Biennial Report for 1909-10, pp. 36-54.

lasky, R., Mory, A. J., and Blundell, K. A. (2001). The geophysical interpretation
of the Woodleigh impact structure, Southern Carnarvon Basin, Western
Australia. Western Australia Geological Survey, Report 79, 41 pp.

Innes, M. J. S. (1957). A possible impact crater at Deep Bay, Saskatchewan,
Canada. Journal of the Royal Astronomical Society of Canada, Vol. 51,
pp. 235-240.

Innes, M. J. S. (1964). Recent advances in meteorite crater research at the
Dominion Observatory, Ottawa, Canada. Meteoritics, Vol. 2, pp. 219-241.

Innes, M. J. S., and Dence, M. R. (1965). Nicholson Lake and Pilot Lake craters,
N.W.T., Canada. Meteoritical Society Meeting, Odessa, Texas.

Ivanov, B. A. (2005). Numerical modeling of the largest terrestrial meteorite
craters. Solar System Research, Vol. 39, pp. 381-409.

Ivanov, B. A., and Petaev, M. I. (1992). Mass and impact velocity of the me-
teorite formed the Sterlitamak crater in 1990 (abstract). 23rd Lunar and
Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, pp. 573-574.

Ivanov, B. A., Kocharyan, G. G., Kostuchenko, V. N., Kirjakov, A. F., and Pe-
vzner, L. A. (1996). Puchezh-Katunki impact crater: preliminary data on
recovered core block structure (abstract). 27" Lunar and Planetary Science
Conference, Lunar and Planetary Institute, Houston, Texas, pp. 589-590.

Izett, G. A., Cobban, W. A., Obradovich, J. D., and Kunk, M. J. (1993). The
Manson impact structure: “°Ar-3Ar age and its distal impact ejecta in the
Pierre shale in southeastern South Dakota. Science, Vol. 262, pp. 729-732.

Izett, G. A., Masaitis, V. L., Shoemaker, E. M., Dalrymple, G. B., and Steiner,
M. B. (1994). Eocene age of the Kamensk buried crater of Russia. In: New
Developments Regarding the KT Event and Other Catastrophes in Earth
History, Lunar and Planetary Institute Contribution No. 825, pp. 55-56.

Jansa, L. F, and Pe-Piper, G. (1987). Identification of an underwater extrater-
restrial impact crater. Nature, Vol. 327, pp. 612-614.

Jansa, L. F, Pe-Piper, G., Robertson, P B., and Friedenreich, O. (1989).
Montagnais: A submarine impact structure on the Scotian shelf, eastern
Canada. Geological Society of America Bulletin, Vol. 101, pp. 450-463.

Jéeleht, A., Mustasaar, M., Rooni, K., Kalvans, A., and Popovs, K. (2015).
Reflection seismic study of the Dobele impact crater, Latvia. In: Bridging the
Gap lll: Impact Cratering in Nature, Experiments and Modeling, Freiburg,
Germany, Abstract #1105.

Johnson, M. R., Anhaeusser, C. R., and Thomas, R. J. (eds.) (2006). The Geol-
ogy of South Africa. Geological Society of South Africa, Johannesburg and
Council for Geoscience, Pretoria, 691 pp.

Jourdan, F, and Reimold, W. U. (2012). Age of the Siljan impact structure.
75" Annual Meeting of the Meteoritical Society, Cairns, Australia, Abstract
#5093.

Jourdan, F, Renne, P R., and Reimold, W. U. (2008). High-precision “CAr-3°Ar
age of the Janisjdrvi impact structure (Russia). Earth and Planetary Science
Letters, Vol. 265, pp. 438-449.

Jourdan, F, Moynier, F, Koeberl, C., and Eroglu, S. (2011). “°Ar-3%Ar age of
the Lonar crater and consequence for the geochronology of planetary
impacts. Geology, Vol. 39, pp. 671-674.

Kalleson, E., Dypvik, D., and Naterstad, J. (2007). Post-impact sediments in the
Gardnos impact structure, Norway. In: The Sedimentary Record of Mete-
orite Impacts, Evans, K., Horton Jr., J. W., King Jr. D. T., and Morrow, J. R.
(eds.), Geological Society of America Special Paper, Vol. 437, pp. 19-41.

Kalleson, E., Jahren, T., and Dypvik, D. (2008). Excursion Guide to Gardnos
Meteorite Crater. Department of Geoscience, University of Oslo, 24 pp.

Kalleson, E., Dypvik, H., Riis, F, and Nilsen, O. (2013). The melt-bearing
impactites of the Ritland structure, Norway — Implications for melt forma-
tion in small impact craters. Meteoritics and Planetary Science, Vol. 48,
pp. 1678-1701.

Karaszewski, W. (1974). Geological studies of “meteorite” craters in Nérdlinger
Ries (West Germany) and at Morasko (Poland) (in Polish). Przeglad Geo-
logiczny, Vol. 22, pp. 626-627.

Karpoff, R. (1953). The meteorite crater of Talemzane in southern Algeria.
Meteoritics, Vol. 1, pp. 31-38.

Kass, M. A., Bedrosian, P A., Drenth, B. J., Bloss, B. R., McKay, R. M., Liu, H.,
French, B. M., and Witzke, B. J. (2013). Modeling and inversion results from
airborne geophysics over a buried impact structure in Decorah, lowa, USA.
Geological Society of America Abstracts with Programs, Vol. 45, p. 485.

Kastning, H., and Huntoon, P W. (1996). Cluster of five small Pennsylvanian
meteorite impact craters on Sheep Mountain near Douglas, Wyoming. In:
NASA's Wyoming Space Grant Fellowship Program 1995-6 Space Science
Research: Graduate and Undergraduate Fellowship reports, Ciardi, T. M.,

581



and Johnson, P E. (eds.), Wyoming Space Grant Consortium, University
of Wyoming, pp. 57-64.

Keiswetter, D., Black, R., and Steeples, D. (1996). Seismic reflection analysis
of the Manson Impact Structure, lowa. Journal of Geophysical Research,
Vol. 101, pp. 5823-5834.

Kelley, S. P, and Spray, J. G. (1997). A late Triassic age for the Rochechouart
impact structure, France. Meteoritics and Planetary Science, Vol. 32,
pp. 629-636.

Kelley, S. P, and Guroy, E. P. (2002). Boltysh, another end-Cretaceous impact.
Meteoritics and Planetary Science, Vol. 37, pp. 1031-1043.

Kellogg, K. S., Snee, L. W., and Unruh, D. M. (2003). The Mesoproterozoic Bea-
verhead impact structure and its tectonic setting, Montana-ldaho: “°Ar-37Ar
and U-Pb isotopic constraints. Journal of Geology, Vol. 111, pp. 639-652.

Kenkmann, T. (2002). Folding within seconds. Geology, Vol. 3, pp. 231-234.

Kenkmann, T. (2003). Dike formation, cataclastic flow, and rock fluidization
during impact cratering: an example from the Upheaval Dome structure,
Utah. Earth and Planetary Science Letters, Vol. 214, pp. 43-58.

Kenkmann, T., and von Dalwigk, I. (2000). Radial transpression ridges: A new
structural feature of complex impact craters. Meteoritics and Planetary Sci-
ence, Vol. 35, pp. 1189-1201.

Kenkmann, T., and Ivanoy, B. A. (2006). Target delamination by spallation and
ejecta dragging: An example from the Ries crater’s periphery. Earth and
Planetary Science Letters, Vol. 252, pp. 15-29.

Kenkmann, T., and Schoenian, F. (2006): Ries and Chicxulub: craters on Earth
provide insights for Martian impacts. Meteoritics and Planetary Science,
Vol. 41, pp. 1587-1604.

Kenkmann, T., and Poelchau, M. H. (2007). Piccaninny, WA, and Matt Wilson,
NT: Two possible complex impact craters in Australia. 17" Annual Gold-
schmidt Conference, Cologne, Germany. Geochimica et Cosmochimica
Acta, Vol. 71 Supplement, A477.

Kenkmann, T., and Poelchau, M. H. (2009). Low-angle collision with Earth: The
elliptical impact crater Matt Wilson, Northern Territory, Australia. Geology,
Vol. 37, pp. 459-462.

Kenkmann, T, Ivanov, B. A., and Stéffler, D. (2000). Identification of ancient
impact structures: low-angle faults and related geological features of crater
basements. Lecture Notes in Earth Sciences, Vol. 91, pp. 271-309.

Kenkmann, T., Jahn, A., Scherler, D., and Ivanov, B. A. (2005). Structure and
formation of a central uplift: a case study at the Upheaval Dome impact
crater, Utah. In: Large Meteorite Impacts Ill, Kenkmann, T., Hérz, F, and
Deutsch, A. (eds.), Geological Society of America Special Paper, Vol. 384,
pp. 85-115.

Kenkmann, T, Kiebach, F, Rosenau, M., Raschke, U., Pigowske, A., Mittelhaus,
K., and Eue, D. (2007). Coupled effects of impact and orogeny: Is the
marine Lockne crater, Sweden, pristine? Meteoritics and Planetary Science,
Vol. 42, pp. 1995-2012.

Kenkmann, T., Artemieva, N. A., Winnemann, K., Poelchau, M. H., Elbes-
hausen, D., and Nuiéz del Prado, H. (2009a). The Carancas meteorite
impact crater, Peru: geologic surveying and modeling of crater formation
and atmospheric passage. Meteoritics and Planetary Science, Vol. 44,
pp. 985-1000.

Kenkmann, T., Collins, G. S., Wittmann, A., Winnemann, K., Reimold, W. U.,
and Melosh, H. J. (2009b). A model for the formation of the Chesapeake
Bay impact crater as revealed by drilling and numerical simulation. In: The
ICDP-USGS Deep Drilling Project in the Chesapeake Bay Impact Structure:
Results from the Eyreville Core Holes, Gohn, G. S., Koeberl, C., Miller, K.
G., and Reimold, W. U. (eds.), Geological Society of America Special Paper,
Vol. 458, pp. 571-585.

Kenkmann, T., Reimold, W. U., Khirfan, M., Salameh, E., Khoury, H., and
Konsul, K. (2010). The complex impact crater Jebel Wagf as Suwwan in
Jordan: effects of target heterogeneity and impact obliquity on central
uplift formation. In: Large Meteorite Impacts and Planetary Evolution IV.
Gibson, R. L. and Reimold W. U. (eds.), Geological Society of America
Special Paper, Vol. 465, pp. 471-487.

Kenkmann, T., Vasconcelos, M. A. R., Crésta, A. P, and Reimold, W. U. (2011).
The complex impact structure Serra da Cangalha, Tocantins State, Brazil.
Meteoritics and Planetary Science, Vol. 46, pp. 875-889.

Kenkmann, T., Poelchau, M. H., and Wulf, G. (2014). Structural geology of
impact craters. Journal of Structural Geology, Vol. 62, pp. 156-182.
Kenkmann, T., Afifi, A. M., Stewart, S. A., Poelchau, M. H., Cook, D. J., and
Neville, A. S. (2015). Saqqar: A new 34 km diameter impact crater in
Saudi Arabia. Meteoritics and Planetary Science, Vol. 50, pp. 1925-1940.

Kenkmann, T., Sturm, S., Kriger, T., Salameh, E., Al-Raggad, M., and Konsul,
K. (2017). The structural inventory of a small complex impact crater: Je-
bel Wagf as Suwwan, Jordan. Meteoritics and Planetary Science, Vol. 52,
pp. 1351-1370.

Kenkmann, T., Rae, A. S. P, Cavosie, A. J.,, Cox, M. A., Timms, N., and
Milikovic, K. (2018). The central uplift of Gosses Bluff, Northern Territory,
Australia. 81 Annual Meeting of the Meteoritical Society, Moscow, Russia,
Abstract #6077.

582

Selected References

Kenkmann, T., Sundell, K. A., and Cook, D. (2018a). Exhumed Paleozoic
impact crater strewn field near Douglas, Wyoming, USA: Evidence from
microstructural analysis, satellite, and drone imagery. 49" Lunar and
Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract, #1469.

Kenkmann, T., Sundell, K. A., and Cook, D. (2018b). Evidence for a large
Paleozoic impact crater strewn field in the Rocky Mountains. Scientific
Reports, Vol. 8, Article #13246.

Kenkmann, T., Haines, P W., Sweet, |. P, and Mitchell, K. (2019). Shock defor-
mation and faulting in the Cleanskin impact structure, Northern Territory,
Australia. Large Meteorite Impacts Conference and Planetary Evolution VI,
Brasilia, Abstract #5014.

Kenkmann, T., Wulf, G., and Agarwal, A. (2020). Ramgarh, Rajasthan, India: a
10 km diameter complex impact crater. Meteoritics and Planetary Science,
Vol. 55, pp. 936-961.

Kenny, G. G., Whitehouse, M. J., and Kamber, B. S. (2016). Differentiated
impact melt sheets may be a potential source of Hadean detrital zircon.
Geology, Vol. 44, pp. 435-438.

Kenny, G. G., Schmieder, M., Whitehouse, M. J., Nemchin, A. A., Morales, L.
F. G., Buchner, E., Bellucci, J. J., and Snape, J. F (2019). A new U-Pb age
for shock-recrystallised zircon from the Lappajérvi impact crater, Finland,
and implications for the accurate dating of impact events. Geochimica et
Cosmochimica Acta, Vol. 245, pp. 479-494.

Kettrup, B., and Deutsch, A. (2003). Geochemical variability of the Yucatén
basement: Constraints from crystalline clasts in Chicxulub impactites. Me-
teoritics and Planetary Science, Vol. 38, pp. 1079-1092.

Khryanina, L. P (1981). Sobolevskiy meteorite crater (Sikhote Alin’ Range).
International Geology Review, Vol. 23, pp. 1-10.

Khryaning, L. P (1982). Indications of meteorite impact in Sobolevka meteorite
crater. International Geology Review, Vol. 24, pp. 1019-1026.

Kieffer, S. W., Schaal, R. B., Gibbons, R., Hérz, R., Milton, D. J., and Dube, A.
(1976). Shocked basalt from Lonar impact crater, India, and experimental
analogues. Proceedings of the 7 Lunar Science Conference, Houston,
Texas, Pergamon Press, New York, pp. 1391-1412.

Kiilsgaard, T. H., Heyl, A. V., and Brock, M. R. (1962). The Crooked Creek
disturbance, southeast Missouri. U.S. Geological Survey Professional Paper
450-E, pp. E14-E19.

King Jr., D. T., and Petruny, L. W. (1999). Wetumpka impact crater guidebook,
Auburn, Alabama, 29 pp.

King Jr., D. T., Neathery, T. L., Petruny, L. W., Koeberl, C., and Hames, W.
E. (1999). Evidence confirming meteoritic impact at Wetumpka crater,
Alabama, USA. Meteoritics and Planetary Science, Vol. 34, pp. 63-64.

King Jr., D. T., Neathery, T. L., Petruny, L. W., Koeberl, C., and Hames, W. E.
(2002). Shallow-marine impact origin of the Wetumpka structure (Alabama,
USA). Earth and Planetary Science Letters, Vol. 202, pp. 541-549.

King, D. T., and Ormé, J. (201 1). The marine-target Wetumpka impact structure
examined in the field and by shallow core-hole drilling. Geological Society
of America Special Paper, Vol. 483, pp. 287-300.

Kirschner, C. E., Grantz, A., and Mullen, M. W. (1992). Impact origin of the Avak
Structure, Arctic Alaska, and genesis of the Barrow gas fields. The American
Association of Petroleum Geologists Bulletin, Vol. 76, pp. 651-679.

Kiselev, N. P, and Korotuschenko, Y. G. (1986) The Bigach astrobleme, Eastern
Kazkhstan (in Russian). Meteoritika, Vol. 45, pp. 119-121.

Kjeer, K. H., Larsen, N. K., Binder, T., Bjerk, A. A., Eisen, O., Fahnestock, M.
A., Funder, S., Garde, A. A., Haack, H., Helm, V., Houmark-Nielsen, M.,
Kieldsen, K. K., Khan, S. A., Machguth, H., McDonald, I. Morlighem, M.,
Mouginot, J., Paden, J. D., Waight, T. E., Weikusat, C., Willerslev, E., and
MacGregor, J. A. (2018). A large impact crater beneath Hiawatha Glacier
in northwest Greenland. Science Advances, Vol. 4, eaar8173.

Kleesment, A., Konsa, M., Puura, V., Karhu, J., Preeden, U., and Kallaste, T.
(2006). Impact induced and diagenetic changes in minerals in the sandy
ejecta of the Kérdla crater, NW, Estonia. Proceedings of the Estonian
Academy of Science, Geology, Vol. 55, pp. 189-211.

Koeberl, C. (2014). The geochemistry and cosmochemistry of impacts. In:
Planets, Asteriods, Comets and The Solar System, Davies, A. M. (ed.), 2"
edition of Treatise on Geochemistry, Elsevier, Vol. 2, pp. 73-118.

Koeberl, C., and Fredriksson, K. (1986). Impact glasses from Zhamanshin
crater (U.S.S.R.): chemical composition and discussion of origin. Earth and
Planetary Science Letters, Vol. 78, pp. 80-88.

Koeberl, C., and Fiske, P S. (1991). Beaverhead impact structure, Montana:
Geochemistry of impactites and country rock samples (abstract). Meteorit-
ics, Vol. 26, pp. 358-359.

Koeberl, C., and Sharpton, V. L. (1993). Geochemical Study of rocks from the
Kentland, Indiana, impact structure: Progress report (abstract). Meteoritics,
Vol. 28, pp. 382.

Koeberl, C., and Reimold, W. U. (1995). The Newporte impact structure, North
Dakota, USA. Geochimica et Cosmochimica Acta, Vol. 59, pp. 4747-4767.



Koeberl, C., and Anderson, R. R. (eds.) (1996). The Manson impact structure:
Anatomy of an impact crater. Geological Society of America Special Paper,
Vol. 302, 457 pp.

Koeberl, C., and Reimold, W. U. (2005). Bosumtwi impact crater, Ghana
(West Africa): an updated and revised geological map, with explanations.
Jahrbuch der Geologischen Bundesanstalt, Vol. 145, Heft 1, pp. 31-70
(one map at 1:50,000).

Koeberl, C., and Ferriere, L. (2019). Libyan Desert Glass area in western
Egypt: Shocked quartz in bedrock points to a possible deeply eroded
impact structure in the region. Meteoritics and Planetary Science, Vol. 54,
pp. 2398-2408.

Koeberl, C., Sharpton, V. L., Murali, A. V., and Burke, K. (1990). Kara and
Ust-Kara impact structures (USSR) and their relevance to the K/T boundary
event. Geology, Vol. 18, pp. 50-53.

Koeberl, C., Reimold, W. U., and Powell, R. A. (1994). Shocked quartz and
impact melt rock at the Ames structure, Oklahoma (abstract). Meteoritics,
Vol. 29, p. 483.

Koeberl, C., Reimold, W. U., and Shirey, S. B. (1994). Saltpan impact crater,
South Africa: geochemistry of target rocks, breccias and impact glasses,
and osmium isotope systematics. Geochimica et Cosmochimica Acta,
Vol. 58, pp. 2893-2910.

Koeberl, C., Reimold, W. U., Shirey, S. B., and Le Roux, F. G. (1994). Kalkkop
crater, Cape Province, South Africa: confirmation of impact origin using
osmium isotope systematics. Geochimica et Cosmochimica Acta, Vol. 58,
pp. 1229-1234.

Koeberl, C., Poag, C. W., Reimold, W. U., and Brandt, D. (1996). Impact origin
of Chesapeake Bay structure and the source for the North American tektites.
Science, Vol. 271, pp. 1263-1266.

Koeberl, C., Reimold, W. U., and Brandt, D. (1996). Red Wing Creek structure,
North Dakota: Petrographical and geochemical studies, and confirmation
of impact origin. Meteoritics and Planetary Science, Vol. 31, pp. 335-342.

Koeberl, C., Masaitis, V. L., Shafranovsky, G. I., Gilmour, ., Langenhorst, F,
and Schrauder, M. (1997). Diamonds from the Popigai impact structure,
Russia. Geology, Vol. 25, pp. 967-970.

Koeberl, C., Reimold, W. U., Brandt, D., Dallmeyer, R. D., and Powell, R. A.
(1997). Target rocks and breccias from the Ames impact structure, Okla-
homa: Petrology, mineralogy, geochemistry and age. In: The Ames Structure
and Similar Features, Johnson, K. S., and Campbell, J. A. (eds.), Oklahoma
Geological Survey Circular, Vol. 100, pp. 169-198.

Koeberl, C., Reimold, W. U., and Shirey, S. B. (1998). The Aouelloul crater,
Mauritania: on the problem of confirming the impact origin of a small
crater. Meteoritics and Planetary Science, Vol. 33, pp. 513-517.

Koeberl, C., Reimold, W. U., and Kelley, S. P (2001). Petrography, geochemistry,
and “°Ar-3Ar ages of impact melt rocks and breccias from the Ames Impact
Structure, Oklahoma: The Nicor Chestnut 18-4 drill core. Meteoritics and
Planetary Science, Vol. 36, pp. 651-671.

Koeberl, C., Reimold, W. U., Cooper, G., Cowan, D., and Vincent, P (2005).
Aorounga and Gweni Fada impact structures, Chad: remote sensing, and
petrography and geochemistry of target rocks. Meteoritics and Planetary
Science, Vol. 41, pp. 1455-1471.

Koeberl, C., Reimold, W. U., and Plescia, J. (2005). BP and Oasis impact
structures, Libya: remote sensing and field studies. In: Impact Tectonics,
Impact Studies Series, Koeberl, C., and Henkel, H. (eds.), Springer, Berlin
Heidelberg, pp. 161-190.

Koeberl, C., Milkereit, B., and Reimold, W. U. (2007). The ICDP Drilling Projectin
Bosumtwi, Ghana. Meteoritics and Planetary Science, Vol. 42, pp. 477-896.

Koeberl, C., Milkereit, B., Overpeck, J. T., Scholz, C. A., Amoako, P Y. O,,
Boamah, D., Danuor, S. K., Karp, T., Kueck, J., Hecky, R. E., King, J., and
Peck, J. A. (2007). An international and multidisciplinary drilling project
info a young complex impact structure: the 2004 ICDP Bosumtwi impact
crater, Ghana, drilling project — an overview. Meteoritics and Planetary
Science, Vol. 42, pp. 483-511.

Koeberl, C., Pittarello, L., Reimold, W. U., Raschke, U., Brigham-Grette, J.,
Melles, M., and Minyuk, P. (2013). El'gygytgyn impact crater, Chukotka,
Avrctic Russia: Impact cratering aspects of the 2009 ICDP drilling project.
Meteoritics and Planetary Science, Vol. 48, pp. 1108-1129.

Kofman, R. S., Herd, C. D., and Froese, D. G. (2010). The Whitecourt mete-
orite impact crater, Alberta, Canada. Meteoritics and Planetary Science,
Vol. 45, pp. 1429-1445.

Kohman, T. P, and Goel, P S. (1963). Terrestrial ages of meteorites from cos-
mogenic '*C. In: Radioactive Dating. International Atomic Energy Agency,
Vienna, pp. 395-411.

Kohman, T. R, Lowman, P. D. Jr, and Abdelkhalek, M. L. (1967) Space and
aerial photography of the Libyan Desert glass area (abstract). 30" Annual
Meeting of The Meteoritical Society Meeting, Moffett Field, California.

Kolesnikov, E. M., Boettger, T., and Kolesnikova, N. V. (1999). Finding of prob-
able Tunguska cosmic body material: isotopic anomalies of carbon and
hydrogen in peat. Planetary and Space Science, Vol. 47, pp. 905-916.

Selected References

Korpikiewicz, H. (1978). Meteoritic shower Morasko. Meteoritics, Vol. 13,
pp. 311-326.

Kramers, J. D., Andreoli, M. A. G., Atanasova, M., Belyanin, G. A., Block,
D., Franklyn, C., Harris, C., Lekgoathi, M., Montross, C. S., Nisoane, T,
Pischedda, V., Segonyane, P, Viljoen, K. S., and Westraadt, J. E. (2013).
Unique chemistry of a diamond-bearing pebble from the Libyan Desert
Glass strewnfield, SW Egypt: evidence for a shocked comet fragment. Earth
and Planetary Science Letters, Vol. 382, pp. 21-31.

Kraut F (1969). Uber ein neues Impaktitvorkommen im Gebiet von Roche-
chouart-Chassenon (Department Haute-Vienne und Chartres), Frankreich.
Geologica Bavarica, Vol. 61, pp. 428-460.

Kriens, B. J., Shoemaker, E. M., and Herkenhoff, K. E. (1999). Geology of the
Upheaval Dome impact structure, southeast Utah. Journal of Geophysical
Research, Vol. 104, pp. 18867-18887.

Kring, D. A. (1997). Air blast produced by the Meteor Crater impact event and
a reconstruction of the affected environment. Meteoritics and Planetary
Science, Vol. 32, pp. 517-530.

Kring, D. A. (2017) Guidebook to the Geology of Barringer Meteorite Crater,
Arizona (a.k.a. Meteor Crater), 2" edition. Lunar and Planetary Institute
Contribution No. 2040: https://www.lpi.usra.edu/publications/books/
barringer_crater_guidebook

Kring, D. A., Claeys, P, Gulick, S. P'S., Morgan, J. V., Collins, G. S., and the
IODP-ICDP Expedition 364 Science Party. (2017). Chicxulub and the ex-
ploration of large peak-ring impact craters through scientific drilling. GSA
Today, Vol. 27/10, pp. 4-8.

Krinov, E. L. (1959). The main conditions of the fall of a meteoritic shower (in
Russian). In: The Sikhote-Alin Iron Meteorite Shower, Fesenkov, V. G., and
Krinov, E. L. (eds.), Publishing House of the USSR Academy of Sciences,
Vol. 1, pp. 99-156.

Krinov, E. L. (1961). The Kaalijarv meteorite craters on Saarema Island, Estonian
SSR. American Journal of Science, Vol. 259, pp. 430-440.

Krinov, E. L. (1971). New studies of the Sikhote-Alin iron meteorite shower.
Meteoritics, Vol. 6, pp. 127-138.

Krinov, E. L. (1974). Fragmentation of the Sikhote-Alin meteoritic body. Mete-
oritics, Vol. 9, pp. 255-262.

Kuivasaari, T., Pesonen, L. J., Elo, S., Plado, J., and Lehtinen, M. (2000). Paas-
selkd — the ninth meteorite impact structure in Finland. 4" ESF Workshop:
Response of the Earth System to Impact Processes (IMPACT), Helsinki, p. 79.

LaFond, C., and Dietz, R. S. (1964). Lonar Crater, India, a meteorite crater?
Meteoritics, Vol. 2, pp. 111-116.

Lamali, A., Rochette, P, Merabet, N., Abtout, A., Maouche, S., Gattacceca, J.,
Ferriére, L., Hamoudi, M., ASTER Team, Meziane, E. H., and Ayache, M.
(2016). Geophysical and magneto-structural study of the Maddna struc-
ture (Talemzane, Algeria): Insights on its age and origin. Meteoritics and
Planetary Science, Vol. 51, pp. 2249-2273.

Lambert, P (1977a). The Rochechouart Crater: Shock zoning study. Earth and
Planetary Science Letters, Vol. 35, pp. 258-268.

Lambert, P (1977b). Rochechouart impact crater: Statistical geochemical
investigations and meteoritic contamination. In: Impact and Explosion
Cratering, Roddy, D. J., Pepin, R. O., and Merrill, R. B. (eds.), Pergamon
Press, New York, pp. 449-460.

Lambert, P, and Lamali, A. (2009). Impact structures in Algeria (abstract). In: 1¢'
Arab Impact Cratering and Astrogeology Conference, Amman, pp. 50-53.

Lambert, P, McHone, J. F, Dietz, R. S., and Houfani, M. (1980). Impact and
impact-like structures in Algeria, Part 1. Four bowl-shaped depressions.
Meteoritics, Vol. 15, pp. 157-179.

Lambert, P, McHone, J. F, Dietz, R. S., Briedj, M., and Djender, M. (1981).
Impact and impact-like structures in Algeria, Part 2. Multi-ringed structures.
Meteoritics, Vol. 16, pp. 203-227.

Laney, R. T, and Van Schmus, W. R. (1978). A structural study of the Kentland,
Indiana, impact site. Proceedings of the 9™ Lunar and Planetary Science
Conference, Houston, Texas, Pergamon Press, New York, pp. 2609-2632.

LaTouche, T., and Christie, W. (1912). The geology of the Lonar Lake. Records
of the Geological Survey of India, Vol. 41, pp. 266-275.

Laurén, L., Lehtovaara, J., Bostrom, R., and Tynni, R. (1978). On the geology
and the Cambrian sediments of the circular depression at Séderfjgrden,
western Finland. Geological Survey of Finland Bulletin, Vol. 297, pp. 1-81.

Layer, P W. (2000). Argon-40/Argon-39 age of the EI'gygytgyn event, Chukotka,
Russia. Meteoritics and Planetary Science, Vol. 35, pp. 591-599.

Le Pichon, A., Antier, K., Cansi, Y., Hernandez, B., Minaya, E., Burgoa, B., Drob,
D., Evers, L. G., and Vaubaillon, J. (2008). Evidence for a meteoritic origin
of the September 15, 2007, Carancas crater. Meteoritics and Planetary
Science, Vol. 43, pp. 1797-1809.

Lees, T. C., Murphy, F C., Tomkins, A. G., and O’Donohue, D. (2019). Dis-
placement of the Proterozoic century ore deposit at the edge of an Ordovi-
cian meteorite impact crater, Queensland. Economic Geology, Vol. 114,
pp. 427-439.

583


https://www.lpi.usra.edu/publications/books/barringer_crater_guidebook
https://www.lpi.usra.edu/publications/books/barringer_crater_guidebook

Lefranc, J. P (1969). Reconnaissance du cratére météoritique d’Amguid (Mouy-
dir, Schara Central). Comptes Rendus de I’Académie des Sciences, Paris,
Vol. 268, pp. 900-902.

Lehtinen, M. (1976). Lake Lappajérvi, a meteorite impact site in western Finland.
Geological Survey of Finland Bulletin, Vol. 282, 92 pp.

Lehtinen, M., Pesonen, L. J., Puranen, R., and Deutsch, A. (1996). Karikkoselkd —
a new impact structure in Finland (abstract). 27" Lunar and Planetary Science
Conference, Lunar and Planetary Institute, Houston, Texas, pp. 739-740.

Lehtinen, M., Pesonen, L. J., Stehlik, H., and Kuulusa. M. (2002). The Suvasvesi
South structure, Central Finland: New evidence for impact. 33" Lunar and
Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #1188.

Lehtovaara, J. J. (1985). “0K-4°Ar dating of the Séderfiéirden crater, Vaasa,
western Finland. Geologiska Féreningen i Stockholm Férhandlingar,
Vol. 107, pp. 1-6.

Lehtovaara, J. J. (1992). Séderfigrden: a Cambrian impact crater in western
Finland. Tectonophysics, Vol. 216, pp. 157-161.

Lepaulard, C., Gattacceca, J., Swanson-Hysell, N., Quesnel, Y., Demory, F.,, and
Osinski, G. R. (2019). A Paleozoic age for the Tunnunik impact structure.
Meteoritics and Planetary Science, Vol. 54, pp. 740-751.

Lightfoot, P C. (2016). Nickel Sulfide Ores and Impact Melts: Origin of the
Sudbury Igneous Complex. Elsevier Publishers, Amsterdam, 662 pp.
Lindstrém, M., Ekvall, J., Hagenfeldt, S. E., Séwe, B., and Sturkell, E. F F
(1991). A well-preserved Cambrian impact exposed in Central Sweden.

Geologische Rundschau, Vol. 80, pp. 201-204.

Lindstrém, M., Flodén, T., Grahn, Y., and Kathol, B. (1994). Post-impact de-
posits in Tvéren, a marine Middle Ordovician crater south of Stockholm,
Sweden. Geological Magazine, Vol. 131, pp. 91-103.

Lindstrém, M., Flodén, T., Grahn, Y., Hagenfeldt, S., Orms, J., Sturkell, E. F
F, and Térnberg, R. (1999). The lower Palaeozoic of the probable impact
crater of Hummeln, Sweden. GFF, Vol. 121, pp. 243-252.

Lindstrém, M., Ormsg, J., Sturkell, E. E F, and von Dalwigk, 1. (2005). The
Lockne crater: revision and reassessment of structure and impact stratig-
raphy. In: Impact Tectonics, Koeberl, C. and Henkel, H. (eds.), Springer,
Berlin Heidelberg, pp. 357-388.

Lindstrém, M., Shuvalov V. V., and Ivanoy, B. A. (2005). Lockne crater as a
result of a marine-target oblique impact. Planetary and Space Science,
Vol. 53, pp. 803-815.

Liu, H. P, McKay, R. M., Young, J. N., Witzke, B. J., McVey, K. J., and Liu, X.
(2006). A new lagerstétte from the Middle Ordovician St. Peter Formation
in northeast lowa, USA. Geology, Vol. 34, pp. 969-972.

Loéffler, J. (2013): The Ritland Impact Structure, southwestern Norway: post-
impact Deformation and the Effect of the Crater on Caledonian Thrust
Tectonics. Master Thesis (unpublished), University of Freiburg, 127 pp.

Losiak, A., Wild, E. M., Geppert, W. D., Huber, M. S., Jaeleht, A., Kriiska, A.,
Kulkov, A., Paavel, K., Pirkovic, 1., Plado, J., Steier, P, Vélja, R., Wilk, J.,
Wisniowski, T., and Zanetti, M. (2016). Dating a small impact crater: An
age of Kaali crater (Estonia) based on charcoal emplaced within proximal
ejecta. Meteoritics and Planetary Science, Vol. 51, pp. 681-695.

Lugo, C. M., and Cavosie, A. J. (2014). First report of shocked zircon at the
Santa Fe impact structure (USA). 45" Lunar and Planetary Science Con-
ference, Lunar and Planetary Institute, Houston, Texas, Abstract #1839.

Macdonald, F A., Bunting, J. A., and Cing, S. E. (2003). Yarrabubba — a large,
deeply eroded impact structure in the Yilgarn Craton, Western Australia.
Earth and Planetary Science Letters, Vol. 213, pp. 235-247.

Macdonald F A., Mitchell K., and Stewart A. J. (2005). Amelia Creek: a
Proterozoic impact structure in the Davenport Ranges, Northern Territory.
Australian Journal of Earth Sciences, Vol. 52, pp. 631-640.

Macdonald, F A., Wingate, M. T. D., and Mitchell, K. (2005). Geology and
age of the Glikson impact structure, Western Australia. Australian Journal
of Earth Sciences, Vol. 52, pp. 641-651.

Maclagan, E. A., Walton E. L., Herd, C. D. K., and Dence, M. (2018). Inves-
tigation of impact melt in allochthonous crater-fill deposits of the Steen
River impact structure, Alberta, Canada. Meteoritics and Planetary Science,
Vol. 53, pp. 2285-2305.

Mader, M. M., and Osinski, G. R. (2018). Impactites of the Mistastin Lake
impact structure: Insights into impact ejecta emplacement. Meteoritics and
Planetary Science, Vol. 53, pp. 2492-2518.

Maier, W. D., Andreoli, M. A. G., McDonald, I., Higgins, M. D., Boyce, A. J.,
Shukolyukov, A., Lugmair, G. W., Ashwal, L. D., Graser, P, Ripley, E. M.,
and Hart, R. J., (2006). Discovery of a 25-cm asteroid clast in the giant
Morokweng impact crater, South Africa. Nature, Vol. 441, pp. 203-206.

Maloof,A.C., Stewart,S.T., Weiss, B. R, Soule, S. A., Swanson-Hysell, N. L., Louzada,
K.L., Garrick-Bethell, I., and Poussart, P M. (2010). Geology of Lonar Crater,
India. Bulletin of the Geological Society of America, Vol. 122, pp. 109-126.

Marakushev, A. A. (Ed.) (1981) Impactites (in Russian). Moscow University
Press, Moscow, Russia. 240 pp.

584

Selected References

Marion, C. L., and Sylvester, P J. (2010). Composition and heterogeneity of
anorthositic impact melt at Mistastin Lake crater, Labrador. Planetary and
Space Science, Vol. 58, pp. 552-573.

Mark, D. F, Lindgren, P, and Fallick, A. E. (2014). A high-precision “°Ar-3°Ar
age for hydrated impact glass from the Dellen impact, Sweden. In: Advances
in “9Ar-3°Ar Dating: from Archaeology to Planetary Sciences, Jourdan, F,
Mark, D. F, and Verati, C. (eds.), Geological Society of London, Special
Publications, Vol. 378, pp. 349-366.

Martin, A. J. (1969). Possible impact structure in Southern Cyrenaica, Libya.
Nature, Vol. 223, pp. 940-941.

Martins, J. A., Castelo Branco, R. M. G., Castro, N. A., Peaulvast, J.-P, and
Lima, Jr. S. B. (2016). Morphological analysis of the Sao Miguel do Tapuio
circular structure, Piauf — Brazil. Revista Brasileira Geomorfologia, Vol. 17,
pp. 763-781.

Masaitis, V. L. (1976). Astroblemes in the USSR. International Geology Review,
Vol. 18, pp. 1249-1258.

Masaitis, V. L. (1999). Impact structures of northeastern Eurasia: The territo-
ries of Russia and adjacent countries. Meteoritics and Planetary Science,
Vol. 34, pp. 691-711.

Masaitis, V. L. (2002). The middle Devonian Kaluga impact crater (Russia):
new inferpretation of marine setting. Deep-Sea Research Part II, Vol. 49,
pp. 1157-1169.

Masaitis, V. L., Danilin, A. N., Karpov, G. M., and Raikhlin, A. I. (1976). Karla,
Obolon’ and Rotmistrovka astroblemes in the European part of the USSR
(in Russian). Doklady Akademii Nauk SSSR, Vol. 230, pp. 174-177.

Masaitis, V. L., Sindeev, A. S., and Staritsky, Y. G. (1976). The impactites of
the Janisjdarvi astrobleme (in Russian). Meteoritika, Vol. 35, pp. 103-110.

Masaitis, V. L., Danilin, V. N., Mashchak, M. S., Raikhlin A. I., Selivanovskaty.
A. V., and Shadenkov, E. M. (1980). The Geology of Astroblemes. Nedra
Press, Leningrad, Russia, 231 pp.

Masaitis, V. L., Mashchak, M. S., and Sokolova, I. Y. (1980). High-pressure
silica phases in the Ternovka astrobleme (in Russian). Doklady Akademii
Nauk SSSR, Vol. 255, pp. 709-713.

Masaitis, V. L., Boiko, Y. I., and Izokh, E. P (1984). Zhamanshin impact crater
(Western Kazakhstan): Additional geological data. 15" Lunar and Plan-
etary Science Conference, Lunar and Planetary Institute, Houston, Texas,
pp- 515-516.

Masaitis, V. L., Mashchak, M. S., Naumov, M. V., and Raikhlin, A. I. (1994).
Large Astroblemes of Russia. VSEGEI, St. Petersburg, 34 pp.

Masaitis, V. L., Mashchak, M. S., and Naumov, M. V. (2004). Popigai Impact
Crater. Guide of Geological Excursions. VSEGEI St. Petersburg, 56 pp.
Mashchak, M. S., and Orlova, J. V. (1986). Shock deformations in lower Prote-
rozoic breccias of the Lake Suav’yarvi region (central Karelia) (in Russian).

Meteoritika, Vol. 45, pp. 137-141.

Mashchak, M. S., and Naumov, M. V. (1996). The Suavjarvi structure: An early
Proterozoic impact site on the Fennoscandian shield (abstract). 27* Lunar
and Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, pp. 825-826.

Mashchak, M. S., and Naumov, M. V. (2012). The Suavjérvi impact structure,
NW Russia. Meteoritics and Planetary Science, Vol. 47, pp. 1644-1658.

Master, S., and Heymann, J. (2000). A possible new impact structure near
Gilbués in Piaui Province, Northeastern Brazil. Meteoritics and Planetary
Science, Vol. 35, Supplement, p. A105.

Master, S., Rainaud, C., Armstrong, R. A., Phillips, D., and Robb, L. J. (2005).
Provenance ages of the Neoproterozoic Katanga Supergroup (Central Af-
rican Copperbelt), with implications for basin evolution. Journal of African
Earth Sciencies, Vol. 42, pp. 41-60.

Maziviero, M. V., Vasconcelos, M. A. R., Crésta, A. P, Gées, A. M., Reimold,
W. U., and Carneiro, C. C. (2013). Geology and impact features of Ri-
achéo structure, northern Brazil. Meteoritics and Planetary Science, Vol. 48,
pp. 2044-2058.

Mazur, M. J., Stewart, R. R., and Hildebrand, A. R. (1999). Seismic charac-
terization of buried possible meteorite impact structures. 30" Lunar and
Planetary Science Conference, Houston, Texas, Abstract #1393.

Mazur, M., Hildebrand, A., and Stewart, R. (2003). Geophysical Studies of the
Steen River Impact Structure, Alberta, Canada. 65th EAGE Conference and
Exhibition, Stavanger, Norway, 4 pp.

McCabe, H. R., and Bannatyne, B. B. (1970). Lake St. Martin crypto-explosion
crater and geology of the surrounding area. Manitoba Department of Mines
and Natural Resources, Mines Branch, Geological Paper, Vol. 3/70, 79 pp.

McElvain, T. H., Read, A. S., Petersen, M. T., Elston, W. E., Newsom, H. E.,
and Cohen, B. A. (2006). Possible impact structure in the Sangre de Cristo
Mountains near Santa Fe, New Mexico: a preliminary report. Geological
Society of America Abstracts with Programs, Vol. 38, p. 298.

McGregor, M., McFarlane, C. R. M., and Spray, J. G. (2017). The Nicholson Lake
impact structure, Canada: shock features and age of formation. 48" Lunar
and Planetary Science Conference, The Woodlands, Texas, Abstract #2151.



McHone, J. F (1986). Terrestrial Impact Structures: Their Detection and Verifica-
tion with Two New Examples from Brasil. Ph.D. thesis, University of lllinois
at Urbana-Champaign, Urbana, lllinois, 210 pp.

McHone, J. F, and Dietz, R. S. (1976). Tabun Khara Obo crater, Mongolia:
Probably meteoritic. Meteoritics, Vol. 11, pp. 332-333.

McHone, J. F, and Dietz, R. S. (1978). Astroblemes in Brozil. Proceedings,
74" Geological Society of America Cordilleran Section Meeting, 116 pp.

McHone, J. F, and Greeley, R. (1987). Talemzane: Algerian impact crater
detected on SIR-A orbital imaging radar. Meteoritics, Vol. 22, pp. 253-264.

McHone, J. F, Sargent, M. L., and Nelson, W. J. (1986). Shatter cones in lllinois:
Evidence for meteoritic impacts at Glasford and Des Plaines (abstract).
Meteoritics, Vol. 21, pp. 446.

Merrill, G. K. (1980). Ordovician conodonts from the Aland Islands, Finland.
Geologiska Féreningen i Stockholm Férhandlingar, Vol. 101, pp. 329-341.

Meteor Crater Company: hitp://www.barringercrater.com.

Meteor Crater Visitor Center: http://www.meteorcrater.com.

Mikhailov, M. V., Shurygin, A. G., and Khariusov, L. S. (1979). Beenchime-Salaaty
meteoritic crater (in Russian). Doklady AN SSSR, Vol. 245, pp. 911-914.

Milam, K. A., Deane, B., King, P L., Lee, P C., and Hawkins, M. (2006). From
the inside of a central uplift: the view from Hawkins impact cave. 37" Lunar
and Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #1211.

Miller, J., Evans, K. R., Ethington, R. L., Repetski, J. E., Sandberg, C. A., and
Thompson, T. L. (2007). Critical stratigraphic data from reworked Conodonts
in impact breccias across Missouri’s Ozark Dome (abstract). Geological
Society of America South-Central and North-Central Joint Section Meeting,
Lawrence, Kansas, Abstracts with Programs, Vol. 39, p. 62.

Miller, R. McG. (2008). Meteorite impact craters and meteorites. In: The Geology
of Namibia, Miller, R. McG. (ed.), Ministry of Mines and Energy, Windhoek,
Namibia, Chapter 26, pp. 1-8.

Miller, R. McG. (2010). Roter Kamm impact crater of Namibia: new data on
rim structure, target rock geochemistry, ejecta, and meteorite trajectory.
In: Large Meteorite Impacts and Planetary Evolution IV, Gibson, R. L.,
and Reimold, W. U. (eds.), Geological Society of America Special Paper,
Vol. 465, pp. 489-508.

Millman, P M., Liberty, B. A., Clark, J. E, Willmore, P, and Innes, M. J. S.
(1960). The Brent Crater. Ottawa Dominion Observatory Publications,
Vol. 24, 43 pp.

Milstein, R. L. (1988). The Calvin 28 structure: Evidence for impact origin.
Canadian Journal of Earth Sciences, Vol. 25, pp. 1524-1530.

Milstein, R. L. (1994). The Calvin Impact Crater, Cass County, Michigan:
Identification and Analysis of a Subsurface Ordovician Astrobleme. Ph.D.
Thesis, Oregon State University, 114 pp.

Milton, D. J. (1968). Structural Geology of the Henbury Meteorite Craters,
Northern Territory, Australia. Contributions to Astrogeology, Geological
Survey Professional Paper 599-C, United States Government Printing Of-
fice, Washington, 17 pp.

Milton, D. J., and Michel, E C. (1965). Structure of a ray crater at Henbury,
Northern Territory, Australia. U.S. Geological Survey Professional Paper
525-C, C5-C11.

Milton, D. J., and Sutter, J. F (1987). Revised age for the Gosses Bluff impact
structure, Northern Territory, Australia, based on “°Ar-3?Ar dating. Meteorit-
ics, Vol. 22, pp. 281-289.

Milton, D. J., and Macdonald, F. A. (2005). Goat Paddock, Western Australia:
an impact crater near the simple-complex transition. Australian Journal of
Earth Sciences, Vol. 52, pp. 691-698.

Milton, D. J., Barlow, B. C., Brown, A. R., Moss, F. J., Manwaring, E. A., Sedmik,
E. C. E., Young, G. A., and Van Son, J. (1996). Gosses Bluff — a latest
Jurassic impact structure, central Australia. Part 2: Seismic, magnetic, and
gravity studies. AGSO Journal of Australian Geology and Geophysics,
Vol. 16, pp. 487-527.

Milton, D. J., Glikson, A. Y., and Brett, R. (1996). Gosses Bluff — a latest Jurassic
impact structure, central Australia. Part 1: Geological structure, stratigra-
phy, and origin. AGSO Journal of Australian Geology and Geophysics,
Vol. 16, pp. 453-486.

Minor Planet Center: http://www.minorplanetcenter.net.

Misra, S., Srivastava, P K., and Arif, M. (2019). Remote sensing, structural and
rock magnetic analyses of the Ramgarh structure of SE Rajasthan, Central
India — further clues to its impact origin and time of genesis. In: Tecton-
ics and Structural Geology: Indian Context, Mukherjee S. (ed.), Springer
Geology, pp. 327-352.

Monod, Th., and Pomerol, C. (1966). Le cratére de Tenoumer et ses laves.
Bulletin de la Société Géologique de France, Vol. S7-VIII, pp. 165-172.

Monson, C. C., Sweet, D., Segvic, B., Zanoni, G., Balling, K., Wittmer, J. M.,
Ganis, G. R., and Cheng, G. (2019). The Late Ordovician (Sandbian)
Glasford structure: A marine-target impact crater with a possible connec-
tion to the Ordovician meteorite event. Meteoritics and Planetary Science,
Vol. 54, pp. 2927-2950.

Selected References

Moreira, A., Prats-lraola, P, Younis, M., Krieger, G., Hajnsek, I., and Papatha-
nassiou, K. P (2013). Atutorial on synthetic aperture radar. IEEE Geoscience
and Remote Sensing Magazine, Vol. 1, pp. 6-43.

Morgan, J. W., and Wandless, G. A. (1983). Strangways crater, Northern Ter-
ritory, Australia: Siderophile element enrichment and lithophile element
fractionation. Journal of Geophysical Research, Supplement, Vol. 88,
pp. A819-A829.

Morgan J., Warner M., and the Chixculub working group (1997). Size and
morphology of the Chicxulub impact crater. Nature, Vol. 390, pp. 472-476.

Morgan, J. V., Warner, M. R., Collins, G. S., Melosh, H. J., and Christeson, G. L.
(2000). Peak-ring formation in large impact craters: geophysical constraints
from Chicxulub. Earth and Planetary Science Letters, Vol. 183, pp. 347-354.

Morgan, J. V., Gulick, S. P S., Bralower, T., Chenot, E., Christeson, G., Claeys,
P, Cockell, C., Collins, G. S., Coolen, M. J. L., Ferriére, L., Gebhardt, C.,
Goto, K., Jones, H., Kring, D. A., Le Ber, E., Lofi, J., Long, X., Lowery, C.,
Mellett, C., Ocampo-Torres, R., Osinski, G. R., Perez-Cruz, L., Pickersgill,
A., Poelchau, M. H., Rae, A., Rasmussen, C., Rebolledo-Vieyra, M., Riller,
U., Sato, H., Schmitt, D. R., Smit, J., Tikoo, S., Tomioka, N., Urrutia-Fucu-
gauchi, J., Whalen, M., Wittmann, A., Yamaguchi, K. E., and Zylberman,
W. (2016). The formation of peak rings in large impact craters. Science,
Vol. 354, pp. 878-882.

Mory, A. J., lasky, R. P, Glikson, A. Y., and Pirajno, F (2000). Woodleigh, Car-
narvon Basin, Western Australia: a new 120 km diameter impact structure.
Earth and Planetary Science Letters, Vol. 177, pp. 119-128.

Motuza, G. B., and Gailius, P (1978). On the supposed astroblemes in Lithu-
ania (in Russian). In: Local Structures in Belarus and the Baltic Region,
Mokslas Press, Suveizdis, P I. (ed.), Geological Research Institute, Vilnius,
Lithuania, pp. 91-94.

Maller, N., Hartung, J. B., Jessberger, E. K., and Reimold, W. U. (1990). “°Ar-
39Ar ages of Dellen, Janisjérvi, and Saéksjarvi impact craters. Meteoritics,
Vol. 25, pp. 1-10.

Mulvany, P S. (2004). Field Trip Il: Geology of the Crooked Creek Ring Structure,
Crawford County, Missouri. Association of Missouri Geologists Field Trip
Guide Book, 51t Annual Meeting, Rolla, Missouri, pp. 13-30.

Nagera, J. J. (1926). Los hoyos del Campo del Cielo y el meteorito. Direc-
cion General de Minas, Geologia y Hidrologia, Buenos Aires, Argentina.

Naldrett, A. J. (2003). From impact to riches: Evolution of geological un-
derstanding as seen at Sudbury, Ontario. Geological Society of America
Today, Vol. 13, pp. 4-9.

Nayak, V. K. (1972). Glassy objects (impactite glasses?): A possible new evi-
dence for meteoritic origin of the Lonar Crater, Maharashtra State, India.
Earth and Planetary Science Letters, Vol. 14, pp. 1-6.

Neathery, T. L., Bentley, R. D., and Lines, G. C. (1976). Cryptoexplosion structure
near Wetumpka, Alabama. Geological Society of America Bulletin, Vol. 87,
pp. 567-573. [Reprinted in Alabama Geological Society Guidebook No.
20 (1983) and No. 34c (1997)].

Neville, A. S., Cook D. J., Afifi A. M., and Stewart, S. A. (2014). Five buried
crater structures imaged on reflection seismic data in Saudi Arabia. Geo-
Arabia, Vol. 19, pp. 17-44.

Newman, J. D., and Herd, C. D. K. (2015). Mineralogy, petrology, and distribu-
tion of meteorites at the Whitecourt Crater, Alberta, Canada. Meteoritics
and Planetary Science, Vol. 50, pp. 305-317.

Newman, J. D., and Osinski, G. R. (2016). Geological mapping of the Tun-
nunik impact structure, Victoria Island, Canadian High Arctic. 47" Lunar
and Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #1591.

Nickerson, G. A. J., Spray, J. G., and Mayer, L. A. (2001). Investigation of inte-
grated geologic and geophysical data using GIS; Crooked Creek and De-
caturville impact structures, Missouri. Atlantic Geology, Vol. 36, pp. 67-68.

Nininger, H. H., and Figgins, J. D. (1933). The excavation of a meteorite cra-
ter near Haviland, Kiowa County, Kansas. American Journal of Science,
Vol. 28, pp. 312-313.

Nininger, H. H., and Huss, G. I. (1960). The unique meteorite crater at Dalga-
ranga, Western Australia. Mineralogical Magazine, Vol. 32, pp. 619-639.

Nérdlingen Ries Crater Museum: http://www.riescrater-museum.de.

Northfleet, A. A., Medeiros, R. A., and Muhlmann, H. (1969). Reavaliagéo
dos dados geolégicos da Bacia do Parand. Boletim Técnico da Petrobrés,
Vol. 12, pp. 291-346.

Offield, T. W., and Pohn, H. A. (1977). Deformation at the Decaturville impact
structure, Missouri. In: Impact and Explosion Cratering, Roddy, D. J., Pepin,
R. O., and Merrill, R. B. (eds.), Pergamon Press, New York, pp. 321-341.

Offield, . W., and Pohn, H. A. (1979). Geology of the Decaturville impact struc-
ture, Missouri. U.S. Geological Survey Professional Paper, Vol. 1042, 48 pp.

Ohman, T. (2007). The origin and tectonic modification of the Saarijérvi impact
structure, northern Finland. Bridging the Gap II: Effect of target properties
on the impact cratering process, Saint-Hubert, Canada, LPI Contribution
No. 1360, pp. 85-86.

585


http://www.barringercrater.com
http://www.meteorcrater.com
http://www.minorplanetcenter.net/
http://www.riescrater-museum.de

Ohman, T, Badjukov, D., Raitlala, J., Petrova, T, and Stehlik, H. (2003). Im-
pactites of the Paaselka and Suvasvesi South craters, Finland. 34" Lunar
and Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #1571.

Ohman, T, Pesonen, L. J., Elo, S., Uutela, A., Tuiska, P, and Raitala, J. (2003).
The origin and evolution of the Saarijérvi impact structure. Meteoritics and
Planetary Science, Vol. 38 Supplement, p. A52.

Oliveira, G. J. G. de, Vasconcelos, M. A. R., Crésta, A. P, Reimold, W. U.,
Goées, A. M., and Kowitz A. (2014). Shatter cones and planar deformation
features confirm Santa Marta in Piaui State, Brazil, as an impact structure.
Meteoritics and Planetary Science, Vol. 49, pp. 1915-1928.

Oliveira, G. J. G. de, Chamani, M. A. C., Gées, A. M., Crésta, A. P, Vascon-
celos, M. A. R., and Reimold, W. U. (2017). Geological investigation of
the central portion of the Santa Marta impact structure, Piaui State, Brazil.
Brazilian Journal of Geology, Vol. 47, pp. 673-692.

O’Neill, C., Heine, C., Glikson, A. Y., and Haines, P W. (2005). Reconstructing
the Wolfe Creek meteorite impact; deep structure of the crater and effects
on target rock. Australian Journal of Earth Sciences, Vol. 52, pp. 699-709.

Ormé, J., and Blomqyist, G. (1996). Magnetic modelling as a tool in the evalu-
ation of impact structures, with special reference to the Tvéren Bay impact
crater, SE Sweden. Tectonophysics, Vol. 262, pp. 291-300.

Ormg, J., and Lindstrém, M. (2000). When a cosmic impact strikes the sea
bed. Geological Magazine, Vol. 137, pp. 67-80.

Orms, J., Sturkell, E., Olvak, J. N., Melero-Asensio, |., Frisk, A., and Wikstrém,
T. (2074). The geology of the M&lingen structure: A probable doublet to
the Lockne marine-target impact crater, central Sweden. Meteoritics and
Planetary Science, Vol. 49, pp. 313-327.

Osinski, G. R., and Spray, J. G. (2001). Impact-generated carbonate melts:
Evidence from the Haughton structure, Canada. Earth and Planetary Sci-
ence Letters, Vol. 194, pp. 17-29.

Osinski, G. R., and Spray, J. G. (2005). Tectonics of the Haughton impact event,
Devon Island, Canadian High Arctic. Meteoritics and Planetary Science,
Vol. 40, pp. 1813-1834.

Osinski, G. R., Grieve, R. A. F, and Spray, J. G. (2004). The nature of the
groundmass of surficial suevite from the Ries impact structure, Germany,
and constraints on its origin. Meteoritics and Planetary Science, Vol. 39,
pp. 1655-1683.

Osinski, G. R., Lee, P, Spray, J. G., Parnell, J., Lim, D., Bunch, T. E., Cockell,
C. S., and Glass, B. (2005). Geological overview and cratering model
of the Haughton impact structure, Devon Island, Canadian High Arctic.
Meteoritics and Planetary Science, Vol. 40, pp. 1759-1776.

Osinski, G. R., Singleton, A. C., Ozaruk, A., and Hanson, J. R. (2012). New
investigations of the Gow Lake impact structure, Saskatchewan, Canada:
Impact melt rocks, astronaut training, and more. 43 Lunar and Planetary
Science Conference, The Woodlands, Texas, Abstract #2367.

Paiva Filho, A., Andrade, C. A. V. de, and Scheibe, L. F (1978). Uma janela
estratigréfica no oeste de Santa Catarina: o Domo de Vargedo. In: 30°
Congresso Brasileiro de Geologia, Recife, Brazil, Proceedings, Vol. 1,
pp. 408-412

Papunen, H. (1969). Possible impact metamorphic textures in the erratics of the
Lake Sacksjérvi area in southwestern Finland. Bulletin of the Geological
Society of Finland, Vol. 41, pp. 151-155.

Partridge, T. C. (ed.) (1999). Investigations into the Origin, Age, and Palaeoen-
vironments of the Pretoria Saltpan. Council for Geoscience, Memoir 85,
198 pp.

Pati, J. K., Reimold, W. U., Koeberl, C., and Pati, P (2008). The Dhala structure,
Bundelkhand craton, Central India — Eroded remnant of a large Paleo-
proterozoic impact structure. Meteoritics and Planetary Science, Vol. 43,
pp. 1383-1398.

Pati, J. K., Jourdan, F, Armstrong, R., Reimold, W. U., and Prakash, K. (2010).
First SHRIMP U-Pb and “°Ar-3°Ar chronological results from impact melt
breccia from the Paleoproterozoic Dhala impact structure, India. Geological
Society of America Special Paper, Vol. 465, pp. 571-591.

Pati, J. K., Qu, W. J., Koeberl, C., Reimold, W. U., Chakarvorty, M., and Schmitt,
R. T. (2017). Geochemical evidence of an extraterrestrial component in
impact melt breccia from the Paleoproterozoic Dhala impact structure,
India. Meteoritics and Planetary Science, Vol. 52, pp. 722-736.

Paya, B. K., Holmes, H., Reimold, W. U., and Farr, J. (1999). Kgagodi Basin: a
possible impact structure (abstract). 62" Annual Meeting of The Meteoritical
Society, Johannesburg, South Africa.

Peate, |., Van Soest, M. C., Wartho, J. A., Cabrol, N., Grin, E., Piatek, J., and
Chong, G. (2010). A novel application of (U-Th)/He geochronology to
constrain the age of small, young meteorite impact craters: A case study
of Monturaqui Crater, Chile. 315 Lunar and Planetary Science Conference,
Lunar and Planetary Institute, Houston, Texas, Abstract #2161.

Pesonen, L. J. (1998). The Lake Saarijérvi — A new meteorite impact structure
in northern Finland. 29" Lunar and Planetary Science Conference, Lunar
and Planetary Institute, Houston, Texas, Abstract #1262.

586

Selected References

Pesonen, L. J., Jarveld, J., Sarapdd, O., and Pietarinen, H. (1996). The Iso-
Naakkima meteorite impact structure: Physical properties and paleomag-
netism of a drill core (abstract). Meteoritics and Planetary Science, Vol. 31,
pp. AT05-A106.

Pesonen, L. J., Lehtinen, M., Deutsch, A., Elo, S., and Lukkarinen, H. (1996).
New geophysical and petrographic results of the Suvasvesi N impact
structure, Finland (abstract). 27 Lunar and Planetary Science Conference,
Lunar and Planetary Institute, Houston, Texas, pp. 1021-1022.

Pesonen, L. J., Elo, S., Lehtinen, M., Jokinen, T., Puranen, R., and Kivekés, L.
(1999). Lake Karikkoselké impact structure, central Finland: New geophysi-
cal and petrographic results. In: Large Meteorite Impacts and Planetary
Evolution II. Dressler, B. O., and Sharpton, V. L. (eds.), Geological Society
of America, Special Paper, Vol. 339, pp. 131-147.

Pesonen, L. J., Kuivasaari, T., Lehtinen, M., and Elo, S. (1999). Paasselka: A
new meteorite impact structure in Eastern Finland. Meteoritics and Planetary
Science, Vol. 34 Supplement, p. A90-1.

Pesonen, L. J., Mader, D., Guroy, E. P, Koeberl, C., Kinnunen, K. A., Donadini,
F, and Handler, R. (2004). Paleomagnetism and “°Ar-3?Ar age determi-
nations of impactites from the llyinets structure, Ukraine. In: Cratering in
Marine Environments and on Ice, Dypvik, H., Burchell, M. J., and Claeys,
P H. (eds.), Springer, Berlin, Heidelberg, pp. 251-280.

Petaev, M. |., Kisarey, Y. L., Mustafin, S. A., Shakurov, R. K., Pavloy, A. V,,
and Ivanov B. A. (1991). Meteorite Sterlitamak — A new crater forming
fall (abstract). 22nd Lunar and Planetary Science Conference, Lunar and
Planetary Institute, Houston, Texas, pp. 1059-1060.

Petrov, V. G. (1974). Peculiarities of the Interior of the Kaluga Circular Structure
and its Location in the Moscow Syneclise (in Russian). Unpublished Ph.D.
Thesis. Moscow State University, Moscow, Russia.

Philby, H. S. J. (1933). The Empty Quarter. London, Constable and Company
Ltd., 433 pp.

Phinney, W. C., Simonds, C. H., Cochran, A., and McGee, P E. (1978). West
Clearwater, Quebec, impact structure, Part Il. Petrology. Proceedings of the
9% Lunar and Planetary Science Conference, Houston, Texas, Pergamon
Press, New York, pp. 2659-2693.

Pilkington, M., Jansa, L. F, and Grieve, R. A. F (1995). Geophysical studies of
the Montagnais impact crater, Canada. Meteoritics, Vol. 30, pp. 446-450.

Pilkington, M., Pesonen, L. J., Grieve, R. A. F, and Masaitis, V. L. (2002).
Geophysics and petrophysics of the Popigai impact structure, Siberia. In:
Impacts in Precambrian Shields, Plado, J., and Pesonen, L. J. (eds.), Impact
Studies, Springer-Verlag, Berlin-Heidelberg, pp. 87-107.

Pilski, A. S., Wasson, J. T., Muszynski, A., Kryza, R., Karwowski, t., and Nowak,
M. (2013). Low-Ir IAB irons from Morasko and other locations in central
Europe: One fall, possibly distinct from IAB-MG. Meteoritics and Planetary
Science, Vol. 48, pp. 2531-2541.

Pirajno, F, Hawke, P, Glikson, A. Y., Haines, P W., and Uysal, T. (2003).
Shoemaker impact structure, Western Australia. Australian Journal of Earth
Sciences, Vol. 50, pp. 775-796.

Plado, J. (2012). Meteorite impact craters and possibly impact-related structures
in Estonia. Meteoritics and Planetary Science, Vol. 47, pp. 1590-1605.

Plado, J., Pesonen, L. J., Elo, S., Purra, V., and Suuroja, K. (1996). Geophysical
research on the Kardla impact structure, Hiiumaa Island, Estonia. Meteoritics
and Planetary Science, Vol. 31, pp. 289-298.

Plado, J., Hietala, S., Kreitsmann, T., Lerssi, J., Nenonen, J., and Pesonen, L.
(2018). Summanen, a new meteorite impact structure in Central Finland.
Meteoritics and Planetary Science, Vol. 53, pp. 2413-2426.

Plescia, J. B. (1996). Gravity investigation of the Manson impact structure,
lowa. Geological Society of America Special Paper, Vol. 302, pp. 89-104.

Plescia, J. B., Shoemaker, E. M., and Shoemaker, C. S. (1994). Gravity survey
of the Mount Toondina impact structure, South Australia. Journal of Geo-
physical Research, Vol. 99E, pp. 13167-13179.

Poag, C. W., Plescia, J. B., and Molzer, P C. (2002). Ancient impact structures
on modern continental shelves: The Chesapeake Bay, Montagnais, and
Toms Canyon craters, Atlantic margin of North America. Deep-Sea Re-
search Part II: Topical Studies in Oceanography, Vol. 49, pp. 1081-1102.

Poag, C. W., Koeberl, C., and Reimold, W. U. (2004). The Chesapeake Bay
crater. Geology and Geophysics of a late Eocene Submarine Impact Struc-
ture. Impact Studies, Springer, Berlin Heidelberg, 522 pp.

Poelchau, M. H., and Kenkmann, T. (2008). Asymmetric signatures in simple
craters as an indicator for an oblique impact direction. Meteoritics and
Planetary Science, Vol. 43, pp. 2059-2072.

Poelchau, M. H., Kenkmann, T., and Kring, D. A. (2009): Rim uplift in simple
craters: the effects of target heterogeneities and trajectory obliquity. Journal
of Geophysical Research, Vol. 114. doi: 10.1029/2008JE003235.

Pohl, J., Stéffler, D., Gall, H., and Ernstson, K. (1977). The Ries impact crater.
In: Impact and Explosion Cratering, Roddy, D. J., Pepin, R. O., and Merrill,
R. B. (eds.), Pergamon Press, New York, pp. 343-404.

Pésges, G., and Schieber, M. (2015). The Ries Crater Museum Nérdlingen —
Museums Guide. Academy Bulletin Nr. 253, Bavarian Academy for Teacher
Training, Dillingen, Pfeil-Verlag, Minchen, 128 pp.



Powars, D. S., and Bruce, T. S. (1999). The effects of the Chesapeake Bay im-
pact crater on the geological framework and correlation of hydrogeologic
units of the lower York-James peninsula, Virginia: US Geological Survey
Professional Paper, Vol. 1612, 82 pp.

Prado, R., Espin Fenoll, I., Miura, G., Ullah, I., Crésta, A. P, Zanon dos Santos,
R., Elis, W., Machado, E., Reimold, W. U., Diogo, L., and Riccomini, C.
(2018). Geophysical investigation of the Colénia structure, Brazil. Meteoritics
and Planetary Science, Vol. 54, pp. 2357-2372.

Pratesi, G., Morelli, M., Rossi, A. P, and Ori, G. G. (2005). Chemical com-
positions of impact melt breccias and target rocks from the Tenoumer
impact crater, Mauritania. Meteoritics and Planetary Science, Vol. 40,
pp. 1653-1672.

Puura, V. A., and Suuroja, K. (1992). Ordovician impact crater at Kardla, Hii-
umaa Island, Estonia. Tectonophysics, Vol. 216, pp. 143-156.

Pye, E. G., Naldrett, A. J., and Giblin, P E. (eds.) (1984). The Geology and
Ore Deposits of the Sudbury Structure, Ontario Geological Survey, Special
Volume 1, 603 pp.

Rae, A. S. P, Collins, G. S., Grieve, R. A. F, Osinski, G. R., and Morgan, J. V.
(2017). Complex crater formation: Insights from combining observations
of shock pressure distribution with numerical models at the West Clear-
water Lake impact structure. Meteoritics and Planetary Science, Vol. 52,
pp. 1330-1350.

Raiskila, S., Salminen, J., Elbra, T., and Pesonen, L. J. (2011). Rock magnetic
and palaeomagnetic study of the Keurusselké impact structure, central
Finland. Meteoritics and Planetary Science, Vol. 46, pp. 1670-1687.

Rana, S., and Agarwal, V. (2016). Microscopic evidences for the impact origin
of Ramgarh structure, Rajasthan, India. Journal of Indian Geophysical
Union, Vol. 20, pp. 544-550.

Raschke, U., Schmitt, R. T., and Reimold, W. U. (2013). Petrography and
geochemistry of impactites and volcanic bedrock in the ICDP drill core
D1c from Lake El'gygytgyn, NE Russia. Meteoritics and Planetary Science,
Vol. 48, pp. 1251-1286.

Raschke, U., Schmitt, R. T., McDonald, I., Reimold, W. U., Mader, D., and Koe-
berl, C. (2015). Geochemical studies of impact breccias and country rocks
from the El'gygytgyn impact structure, Russia. Meteoritics and Planetary
Science, Vol. 50, pp. 1071-1088.

Rathbun, K., Ukstins-Peate, |., Drop, S., and Gutierrez, F. (2016). A new geologic
map of Monturaqui meteorite impact crater, Chile: Implications for satellite-
based geologic mapping of small craters. 47% Lunar and Planetary Science
Conference, Lunar and Planetary Institute, Houston, Texas, Abstract #2583.

Raukas, A., Tiirmaa, R., Kaup, E., and Kimmel, K. (2001). The age of the
llumetsé meteorite craters in southeast Estonia. Meteoritics and Planetary
Science, Vol. 36, pp. 1507-1514.

Read, W. F (1983). Shatter cones at Glover Bluff, Wisconsin. Meteoritics,
Vol. 18, pp. 241-243.

Read, W. F (1984). The circular structure at Glover Bluff: What and where it
is (abstract). Meteoritics, Vol. 19, pp. 295-296.

Read, W. F (1985). Impact bombs in Middle Ordovician marine sediments of
southeastern Wisconsin (abstract). 16" Lunar and Planetary Science Confer-
ence, Lunar and Planetary Institute, Houston, Houston, Texas, pp. 687-688.

Redeker, H. J., and Stéffler, D. (1988). The allochthonous polymict breccia
layer of the Haughton impact crater, Devon Island, Canada. Meteoritics,
Vol. 23, pp. 185-196.

Reeves, F, and Chalmers, R. O. (1949). The Wolfe Creek crater. The Australian
Journal of Science, Vol. 11, pp. 154-156.

Reidel, S. P, Koucky, F L., and Stryker, R. J. (1982). The Serpent Mound
disturbance, southwestern Ohio. American Journal of Science, Vol. 282,
pp. 1343-1375.

Reiff, W. (1977). The Steinheim Basin — An impact structure. In: Impact and
Explosion Cratering, Roddy, D. J., Pepin, R. O., and Merrill, R. (eds.), New
York. Pergamon Press, pp. 309-320.

Reiff, W. (1979): Guide-book to the Steinheim Basin Impact Crater. Geologisches
Landesamt Baden-Wirttemberg, Stuttgart, 32 pp.

Reimold W. U. (1982). The Lappajdrvi meteorite crater, Finland: petrography,
Rb-Sr, major and trace element geochemistry of the impact melt and base-
ment rocks. Geochimica et Cosmochimica Acta, Vol. 46, pp. 1203-1225.

Reimold, W. U. (2006). Impact structures in South Africa. In: The Geology of
South Africa, Johnson, M. R., Anhaeusser, C. R., and Thomas, R. J. (eds.),
Geological Society of South Africa, Johannesburg and Council for Geosci-
ence, Pretoria, pp. 629-649.

Reimold, W. U., and Miller, R. McG. (1989). The Roter Kamm impact crater,
SWA/Namibia. Proceedings of the 19" Lunar and Planetary Science Con-
ference, Houston, Cambridge University Press, pp. 711-732.

Reimold, W. U., and Koeberl, C. (2003). Petrography and geochemistry of a
deep drill core from the edge of the Morokweng impact structure, South
Africa. In: Impact Markers in the Stratigraphic Record. Impact Studies Se-
ries, Koeberl, C., and Martinez-Ruiz, F. (eds.), Springer, Berlin Heidelberg,
pp. 271-292.

Selected References

Reimold, W. U., and Gibson, R. L. (2010). Meteorite Impact! The Danger from
Space and South Africa’s Mega-Impact, the Vredefort Structure (3 edition),
Springer, Berlin Heidelberg, 337 pp.

Reimold, W. U., and Koeberl, C. (2014). Impact structures in Africa: A review.
Journal of African Earth Sciences, Vol. 93, pp. 57-175.

Reimold, W. U., Oskierski, W., and Huth, J. (1987). The pseudotachylite from
Champagnac in the Rochechouart meteorite crater, France. Journal of
Geophysical Research, Vol. 92, pp. E737-E748.

Reimold, W. U., Barr, J. M., Grieve, R. A. F, and Durrheim, R. J. (1990).
Geochemistry of the melt and country rocks of the Lake St. Martin impact
structure, Manitoba, Canada. Geochimica et Cosmochimica Acta, Vol. 54,
pp. 2093-2111.

Reimold, W. U., Koeberl, C., and Reddering, J. S. V. (1998). The Kalkkop impact
crater, Eastern Cape Province, South Africa: stratigraphy, petrography, and
geochemistry of the 1992 drill core, and age. Journal of African Earth
Sciences, Vol. 26, pp. 573-592.

Reimold, W. U., Koeberl, C., and Brandt, D. (1999). The origin of the Pretoria
Saltpan crater. In: Investigations into the Origin, Age and Paleocenviron-
ments of the Pretoria Saltpan, Partridge, T. C. (ed.), Memoir 85, Council
for Geoscience, Pretoria, pp. 35-54.

Reimold, W. U., Koeberl, C., Hough, R. M., Mcdonald, I., Bevan, A., Amare,
K., and French, B. M. (2003). Woodleigh impact structure, Australia: shock
petrography and geochemical studies. Meteoritics and Planetary Science,
Vol. 38, pp. 1109-1130.

Reimold, W. U., Kelley, S. P, Sherlock, S. C., Henkel, H., and Koeberl, C. (2005).
Laser argon dating of melt breccias from the Siljan impact structure, Sweden:
Implications for a possible relationship to Late Devonian extinction events.
Meteoritics and Planetary Science, Vol. 40, pp. 591-607.

Reimold, W. U., Koeberl, C., Gibson, R. L., and Dressler, B. O. (2005). Economic
mineral deposits in impact structures: A review. In: Impact Tectonics, Koe-
berl, C. and Henkel, H. (eds.), Springer, Berlin Heidelberg, pp. 479-552.

Reimold, W. U., Fischer, L., Miller, J., Kenkmann,T., Schmitt, R. T., Altenberger,
U., and Kowitz, A. (2015). Impact generated pseudotachylitic breccia in
drill core BH-5 Héttberg, Siljan impact structure, Sweden. GFF 137, Vol. 2,
pp. 141-162.

Reimold, W. U., Hauser, N., Hansen, B. T., Thirlwall, M., and Hoffmann, M.
(2017). The impact pseudotachylitic breccia controversy: Insights from
first isotope analysis of Vredefort PTB and impact melt rock (Vredefort
Granophyre). Geochimica et Cosmochimica Acta, Vol. 214, pp. 266-281.

Reimold, W. U., Crésta, A. P, Hasch, M., Kowitz, A., Hauser, N., Sanchez,
J. P, Amarante Simées, L. S., de Oliveira, G. J., and Zaag, P T. (2018).
Shock deformation confirms the impact origin for the Cerro do Jarau,
Rio Grande do Sul, Brazil, structure. Meteoritics and Planetary Science,
Vol. 54, pp. 2384-2397.

Reimold, W. U., Vasconcelos, M. A. R., Jessell, M., Crésta, A. P, Ferriére, L., Haus-
er, N., Gottwald, M. and Baratoux, D. (2020). Nova Colinas — A new complex
impact structure in Maranhéo State, Brazil. Contribution to 50" Congress
of the Sociedade Brasileira de Geologia (SBG), Brasilia, October 2020.

Reinwald, I. (1928). Bericht Uber geologische Untersuchungen am Kaali-
jérv (Krater von Sall) auf Osel. Loodusuurijate Seltsi Aruanded, Vol. 35,
pp. 30-70.

Riccomini, C., Crésta, A. P, Prado, R. L., Ledru, M. P, Turq, B. J., Sant’Anna, L.
G., Ferrari, J. A., and Reimold, W. U. (2011). The Colénia structure, Sao
Paulo, Brazil. Meteoritics and Planetary Science, Vol. 46, pp. 1630-1639.

Richard-Molard, J. (1948). Le cratére d’explosion de Tenoumer et |'existence
probable d’une grande fracture rectiligne au Sahara occidental. Comptes
Rendus de |’Académie des Sciences Paris, Vol. 227, pp. 213-214

Richards, M. A., Alvarez, W., Self, S., Karlstrom, L., Renne, P R., Manga, M.,
Sprain, C. J., and Smit, J. (2015). Triggering of the largest Deccan erup-
tions by the Chicxulub impact. Geological Society of America Bulletin,
Vol. 127, pp. 1507-1520.

Riis, F, Kalleson, E., Dypvik, H., Kregly, S. O., and Nilsen, O. (2011). The
Ritland impact structure, southwestern Norway. Meteoritics and Planetary
Science, Vol. 46, pp. 748-761.

Riller, U. (2005). Structural characteristics of the Sudbury impact structure,
Canada: Impact-induced versus orogenic deformation — A review. Mete-
oritics and Planetary Science, Vol. 40, 1723-1740.

Riller, U., Poelchau, M. H., Rae, A. S. P, Schulte, E M., Collins, G. S., Melosh, H.
J., Grieve, R. A. F, Morgan, J. V., Gulick, S. P S., Lofi, J., Diaw, A., McCall,
N., Kring, D. A., and IODP-ICDP Expedition 364 Science Party (2018). Rock
fluidization during peak-ring formation of large impact structures. Nature,
Vol. 562, pp. 511-518.

Robertson, P. B. (1968). La Malbaie structure, Quebec. A Paleozoic impact site.
Meteoritics, Vol. 4, pp. 89-112.

Robertson, P B. (1975). Zones of shock metamorphism at the Charlevoix im-
pact structure, Quebec. Geological Society of America Bulletin, Vol. 86,
pp. 1630-1638.

Robertson, P B., and Mason, G. D. (1975). Shatter cones from Haughton Dome,
Devon Island, Canada. Nature, Vol. 255, pp. 393-394.

587



Robertson, P B., and Grieve, R. A. F (1977). Shock attenuation at terrestrial
impact structures. In: Impact and Explosion Cratering, Roddy, D. J., Pepin,
R. O., and Merrill, R. B. (eds.), Pergamon Press, New York, pp. 687-702.

Robertson, P B., and Grieve, R. A. F (1978). The Haughton impact structure.
Meteoritics, Vol. 13, pp. 615-618.

Robertson, P B., Dence, M. R., and Vos, M. A. (1968). Deformation in rock
forming minerals from Canadian craters. In: Shock Metamorphism of
Natural Materials, French, B. M., and Short, N. M. (eds.), Mono Book
Corp., Baltimore, pp. 433-452.

Rochette, P, Alac, R., Beck, P, Brocard, G., Cavosie A. J., Debaille, V., Devou-
ard, B., Jourdan, F, Mougel, B., Moustard, F, Moynier, F, Nomade, S.,
Osinski, G. R., Reynard, B., and Cornec, J. (2019). Pantasma: Evidence for
a Pleistocene circa 14 km diameter impact crater in Nicaragua. Meteoritics
and Planetary Science, Vol. 54, pp. 880-901.

Roddy, D. J. (1968). The Flynn Creek crater, Tennessee. In: Shock Metamorphism
of Natural Materials, French, B. M., and Short, N. M., (eds.), Mono Book
Corp., Baltimore, pp. 291-322.

Roddy, D. J. (1977a). Tabular comparisons of the Flynn Creek impact crater,
United States, Steinheim impact crater, Germany, and Snowball explosion
crater, Canada. In Impact and Explosion Cratering, Roddy, D. J., Pepin,
R. A., and Merrill, R. B. (eds.), Pergamon Press, New York, pp. 125-161.

Roddy, D. J. (1977b). Pre-impact conditions and cratering processes at the
Flynn Creek crater, Tennessee. In: Impact and Explosion Cratering, Roddy,
D. J., Pepin, R. A., and Merrill, R. B. (eds.), Pergamon Press, New York,
pp. 277-308.

Roddy, D. J. (1978). Pre-impact geologic conditions, physical properties, energy
calculations, meteorite and initial crater dimensions and orientations of
joints, faults and walls at Meteor Crater, Arizona. Proceedings of the 9th
Lunar and Planetary Science Conference, Houston, Texas, Pergamon Press,
New York, pp. 3891-3930.

Roland, N. W. (1976). Die Ringstruktur Aorounga (Borkou, Sud-Sahara). Geo-
logisches Jahrbuch, Vol. 33, pp. 117-131.

Rondot, J. (1966). Geology of La Malbaie area, Charlevoix County. Depart-
ment of Natural Resources, Quebec. Preliminary report, Vol. 544, 18 pp.

Rothery, D. A., McBride, N., and Gilmour, I. (eds.) (2018). An Introduction to
the Solar System. Cambridge University Press, 3rd edition, 440 pp.

Roussell, D. H., and Brown, G. H. (2009). A Field Guide to the Geology of
Sudbury, Ontario. Open File Report 6243, Ontario Geological Survey,
Sudbury, 222 pp.

Sage, R. P (1978). Diatremes and shock features in Precambrian rocks of the
Slate Islands, northeastern Lake Superior. Geological Society of America,
Bulletin 89, pp. 1529-1540.

Sahoui, R., Belhai, D., and Jambon, A. (2013). Impact-generated carbonate
melts from the Talemzane structure (Algeria). 44" Lunar and Planetary Sci-
ence Conference, Lunar and Planetary Institute, Houston, Texas, Abstract
#1184.

Salameh, E., Khoury, H., and Schneider, W. (2006). Jebel Wagf as Suwwan,
Jordan, a possible impact crater — a first approach. Zeitschrift der deutschen
Gesellschaft fir Geowissenschaften, Vol. 157, pp. 319-325.

Salameh, E., Khoury, H., Reimold, W. U., and Schneider W. (2008). The first
large meteorite impact structure discovered in the Middle East: Jebel Wagf
as Suwwan. Meteoritics and Planetary Science. Vol. 43, pp. 1681-1690.

Salminen, J. M., Donadini, F, Pesonen, L. J., Masaitis, V. L., and Naumov, M. V.
(2006). Paleomagnetism and petrophysics of the Jénisj@rvi impact structure,
Russian Karelia. Meteoritics and Planetary Science, Vol. 41, pp. 1853-1870.

Sanchez, J., and Cassidy, W. (1966). A previously undescribed meteorite crater
in Chile. Journal of Geophysical Research, Vol. 71, pp. 4891-4895.

Sandbakken, P T., Langenhorst, F, and Dypvik, H., (2005). Shock metamorphism
of quartz at the submarine Mjalnir impact crater, Barents Sea. Meteoritics
and Planetary Science, Vol. 40, pp. 1363-1375.

Sawatzky, H. B. (1972). Viewfield — a producing crater? Canadian Society of
Exploration Geophysicists Journal, Vol. 8, pp. 22-40.

Sawatzky, H. B. (1975). Astroblemes in the Williston Basin. Journal of the Ca-
nadian Society of Exploration Geophysicists, Vol. 10, pp. 23-38.

Sawatzky, H. B. (1976). Two probable late Cretaceous astroblemes in Western
Canada - Eagle Butte, Alberta, and Dumas, Saskatchewan. Geophysics,
Vol. 41, pp. 1261-1271.

Sawatzky, H. B. (1977). Buried impact craters in the Williston basin and adjacent
area. In: Impact and Explosion Cratering, Roddy, D. J., Pepin, R. O., and
Merrill, R. B. (eds.), Pergamon Press, New York, pp. 461-480.

Schedl, A. (2006). Applications of twin analysis to studying meteorite impact
structures. Earth and Planetary Science Letters, Vol. 244, pp. 530-540.
Scherler, D., Kenkmann, T., and Jahn, A. (2006). Structural record of an oblique

impact. Earth and Planetary Science Letters, Vol. 248, pp. 28-38.

Schmidt, G., Palme, H., and Kratz, K.-L. (1997). Highly siderophile elements
(Re, Os, Ir, Ru, Rh, Pd, Au) in impact melts from three European impact
craters (Sadksjérvi, Mien, and Dellen): Clues to the nature of the impact-
ing bodies. Geochimica et Cosmochimica Acta, Vol. 61, pp. 2977-2987.

588

Selected References

Schmieder, M., and Jourdan, F. (2013). The Lappajérvi impact structure (Finland):
Age, duration of crater cooling, and implications for early life. Geochimica
et Cosmochimica Acta, Vol. 112, pp. 321-339.

Schmieder, M., and Kring, D. A. (2020). Earth’s impact events through geologic
time: A list of recommended ages for terrestrial impact structures and
deposits. Astrobiology, Vol. 20, pp. 1-51, DOI: 10.1089/ast.2019.2085.

Schmieder, M., Moilanen, J., and Buchner, E. (2008). Impact melt rocks from
the Paasselkd impact structure (SE Finland): Petrography and geochemistry.
Meteoritics and Planetary Science, Vol. 43, pp. 1189-1200.

Schmieder, M., Buchner, E., Schwarz, W., Trieloff, M., and Lambert, P (2010).
A Rhaetian “°Ar-3%Ar age for the Rochechouart impact structure (France)
and implications for the latest Triassic sedimentary record. Meteoritics and
Planetary Science, Vol. 45, pp. 1225-1242.

Schmieder, M., Schwarz, W. H., Buchner, E., Trieloff, M., Moilanen, J., and
Ohman, T. A. (2010). A Middle-Late Triassic “°Ar-3?Ar age for the Paasselké
impact structure (SE Finland). Meteoritics and Planetary Science, Vol. 45,
pp. 572-582.

Schmieder, M., Jourdan, F, Tohver, E., and Cloutis, E. A. (2014). “0Ar-3°Ar
age of the Lake Saint Martin impact structure (Canada); unchaining the
late Triassic terrestrial impact craters. Earth and Planetary Science Letters,
Vol. 406. pp. 37-48.

Schmieder, M., Trieloff, M., Schwarz, W. H., Buchner, E., and Jourdan, F. (2014).
Supportive comment on: “Morphology and population of binary asteroid
impact craters”, by K. Miljkovic, G. S. Collins, S. Mannick and P A. Bland
[Earth Planet. Sci. Lett. 363 (2013) 121-132]. An updated assessment.
Earth and Planetary Science Letters, Vol. 405, pp. 281-284.

Schmieder, M., Schwarz, W. H., Trieloff, M., Tohver, E., Buchner, E., Hopp, J.,
and Osinski, G. R. (2015). New “°Ar-3?Ar dating of the Clearwater Lake
impact structures (Québec, Canada) — Not the binary asteroid impact it
seems? Geochimica et Cosmochimica Acta, Vol. 148, pp. 304-324.

Schmieder, M., Jourdan, F, Moilanen, J., Buchner, E., and Ohman, T. (2016).
A late Mesoproterozoic “°Ar*°A age for a melt breccia from the Keurus-
selkd impact structure, Finland. Meteoritics and Planetary Science, Vol. 51,
pp. 303-322.

Schmieder, M., Schwarz, W. H., Trieloff, M., Buchner, E., Hopp, J., Tohver, E.,
Pesonen, L. J., Lehtinen, M., Moilanen, J., Werner, S. C., and Ohman,
T. (2016). The two Suvasvesi impact structures, Finland: Argon isotopic
evidence for a “false” impact crater doublet. Meteoritics and Planetary
Science, Vol. 51, pp. 966-980.

Schmieder, M., Shaulis, B. J., Lapen, T. J., Buchner, E., and Kring, D. A.
(2019). In situ U-Pb analysis of shocked zircon from the Charlevoix impact
structure, Quebec, Canada. Meteoritics and Planetary Science, Vol. 54,
pp. 1808-1827.

Schulte, P, Alegret, L., Arenillas, I., Arz, J. A., Barton, P J., Bown, P R., Bralower,
T.J., Christeson, G. L., Claeys, P, Cockell, C. S., Collins, G. S., Deutsch, A.,
Goldin, T. J., Goto, K., Grajeles-Nishimura, J. M., Grieve, R. A. F, Gulick,
S. P S., Johnson, K. R., Kiessling, W., Koeberl, C., Kring, D. A., MaclLeod,
K. G., Matsui, T., Melosh, J., Montanari, A., Morgan, J. V., Neal, C. R,,
Nichols, D. J., Norris, R. D., Pierazzo, E., Ravizza, G., Rebolledo-Vieyra,
M., Reimold, W. U., Robin, E., Salge, T., Speijer, R. P, Sweet, A. R., Urrutia-
Fucugauchi, J., Vajda, V., Whalen, M. T., and Willumsen, P. (2010). The
Chicxulub asteroid impact and mass extinction at the Cretaceous-Paleogene
Boundary. Science, Vol. 327, pp. 1214-1218.

Schultz, P H., and Lianza, R. E. (1992). Recent grazing impacts on the Earth
recorded in the Rio Cuarto crater field, Argentina. Nature, Vol. 355,
pp. 234-237.

Schultz, P H., Koeberl, C., Bunch, T., Grant, J., and Collins, W. (1994). Ground
truth for oblique impact processes: new insight from the Rio Cuarto, Ar-
gentina, crater field. Geology, Vol. 22, pp. 889-892.

Schultz, PH., Zarate M. A., Hames, W., Koeberl, C., Bunch, T., Storzer, D., Renne,
P R, and Witke, J. (2004). The Quaternary impact record from the Pampas,
Argentina. Earth and Planetary Science Letters, Vol. 219, pp. 211-238.

Schulize, D. S., Jourdan, F, Hecht, L., Reimold, W. U., and Schmitt, R. T. (2016).
Tenoumer impact crater, Mauritania: Impact melt genesis from a lithologi-
cally diverse target. Meteoritics and Planetary Science, Vol. 51, pp. 323-350.

Schulze, T., Kenkmann, T., Poelchau, M. H., Sundell, K. A., and Cook, D.
(2019). Douglas impact crater strewn field, WY, USA: a progress report.
Large Meteorite Impact VI, Brasilia, Abstract #5036.

Sergienko, E. S., Kosterov, A., and Kharitonskii, P V. (2017). Two types of
impact melts with contrasting magnetic mineralogy from Jénisjérvi impact
structure, Russian Karelia. Geophysical Journal International, Vol. 209,
pp. 1080-1094.

Setsd, R. (2011). The Ritland Impact Structure: Characteristics and Distribution
of the Ejecta Layer and associated Lower Paleozoic sedimentary Succession.
Masters Thesis (unpublished), University of Oslo, 114 pp.

Sharma H. S. (1973). Ramgarh structure, India. Nature, Vol. 242, pp. 39-40.

Sharpton, V. L., and Gibson, J. W., Jr. (1990). The Marquez Dome impact
structure, Leon County, Texas (abstract). 215 Lunar and Planetary Science
Conference, Lunar and Planetary Institute, Houston, Texas, pp. 1136-1137.



Sharpton, V. L., Dressler, B. O., Herrick, R. R., Schnieders, B., and Scoft, J.
(1996). New constraints on the Slate Islands impact structure, Ontario,
Canada. Geology, Vol. 24, pp. 851-854.

Sharpton, V. L., Krochuk, V. R., and Herrick, R. R. (2013). Characterization and
morphological reconstruction of the Terny impact structure, central Ukraine.
Meteoritics and Planetary Science, Vol. 48, pp. 806-818.

Sherlock, S. C., Kelley, S. P, Glazovskaya, L., and Ukstins Peate, I. (2009). The
significance of the contemporaneous Logoisk impact structure (Belarus)
and Afro-Arabian flood volcanism. Journal of the Geological Society,
Vol. 166, pp. 5-8.

Shkerin, L. M. (1976). Geological structure of the crater-like feature Tabun Khara
Obo (south east Mongolia) (in Russian). Meteoritika, Vol. 35, pp. 97-102.

Shmayenok, A. I., and Malakhovskiy, F B. (1974). Explosion pipe near the
southeast shore of Lake Chud’ (in Russian). Vestnik Leningrad University,
Vol. 24, pp. 97-107.

Shoemaker, E. M., and Chao, E. C. T. (1961). New evidence for the impact
origin of the Ries basin, Bavaria, Germany. Journal of Geophysical Research,
Vol. 66, pp. 3371-3378.

Shoemaker, E. M., and Kieffer, S. W. (1974). Guidebook to the Geology of
Meteor Crater, Arizona. 37" Annual Meeting of The Meteoritical Society,
Arizona State University Center for Meteorite Studies, Tempe, Arizona, 66 pp.

Shoemaker, E. M., and Herkenhoff, K. E. (1983). Impact origin of Upheaval
Dome, Utah. Eos, Transactions American Geophysical Union, Vol. 44,
p. 747.

Shoemaker, E. M., and Shoemaker, C. S. (1985). Impact structures of Western
Australia. Meteoritics, Vol. 20, pp. 754-756.

Shoemaker, E. M., and Shoemaker, C. S. (1986). Connolly Basin: a probable
eroded impact crater in Western Australia. 17 Lunar and Planetary Science
Conference, Houston, Texas, pp. 797-798.

Shoemaker, E. M., and Shoemaker, C. S. (1988). Impact structures of Australia
(1987) (Abstract). 19" Lunar and Planetary Science Conference, Houston,
Texas, #1547.

Shoemaker, E. M., and Shoemaker, C. S. (1989). Geology of the Connolly
Basin impact structure, Western Australia. 20" Lunar and Planetary Science
Conference, Houston, Texas, pp. 1008-1009.

Shoemaker, E. M., and Shoemaker, C. S. (1996). The Proterozoic impact re-
cord of Australia. AGSO Journal of Australian Geology and Geophysics,
Vol. 16, pp. 379-398.

Shoemaker, E. M., and Shoemaker, C. S. (1997a). Glikson, a probable impact
structure, Western Australia. 28" Lunar and Planetary Science Conference,
Houston, Texas, Abstract #1669.

Shoemaker, E. M., and Shoemaker, C. S. (1997b). Notes on the geology of
Liverpool Crater, Northern Territory, Australia. 28" Lunar and Planetary
Science Conference, Houston, Texas, Abstract #1662.

Shoemaker, E. M., Roddy, D. J., Shoemaker, C. S., and Roddy, J. K. (1988).
The Boxhole Meteorite Crater, Northern Territory, Australia. 19" Lunar and
Planetary Science Conference, Houston, Texas, pp. 1081-1082.

Shoemaker, E. M., Shoemaker, C. S., and Plescia, J. B. (1989). Gravity inves-
tigation of the Connolly Basin impact structure; Western Australia. 20"
Lunar and Planetary Science Conference, Houston, Texas, pp. 1010-1011.

Shoemaker, E. M., Shoemaker, C. S., Nishiizumi, K., Kohl, C. P, Arnold, J. R.,
Klein, J., Fink, D., Middleton, R., Kubik, P W., and Sharma, P. (1990). Ages
of Australian meteorite craters — A preliminary report (abstract). Meteorit-
ics, Vol. 25, p. 409.

Shoemaker, E. M., Macdonald F. A., and Shoemaker, C. S. (2005). Geology of
five small Australian impact craters. Australian Journal of Earth Sciences,
Vol. 52, pp. 529-544.

Short, N. M. (1967). Petrographic evidence for an impact origin for the West
Hawk Lake Structure, Manitoba, Canada. Eos, Transactions of the American
Geophysical Union, Vol. 48, p. 147.

Short, N. M. (1968). Petrographic study of shocked rocks from the Steen River
structure, Alberta. In: Shock Metamorphism of Natural Materials, French,
B. M., and Short, N. M. (eds.), Mono Book Corp., Baltimore, pp. 374-378.

Short, N. M. (1970). Anatomy of a meteorite impact crater: West Hawk Lake,
Manitoba, Canada. Geological Society of America Bulletin, Vol. 81,
pp. 609-648.

Shrock, R. R., and Malott, C. A. (1933). The Kentland area of disturbed
Ordovician rocks in northwestern Indiana. Journal of Geology, Vol. 41,
pp. 337-370.

Shumilova, T. G., Lutoev, V. P, Isaenko, S. I., Kovalchuk, N. S., Makeev, B. A.,
Lysiuk, A. Yu., Zubov, A. A., and Ernstson, K. (2018). Spectroscopic features
of ultrahigh-pressure impact glasses of the Kara astrobleme. Scientific
Reports, Vol. 8, No. 6923.

Shuvalov, V. V., and Dypvik, H., (2004). Ejecta formation and crater develop-
ment of the Mjglnir impact. Meteoritics and Planetary Science, Vol. 39,
pp. 467-479.

Shuvalov, V. V., Dypvik, H., and Tsikalas, F. (2002). Numerical simulations of the
Mijglnir marine impact crater. Journal of Geophysical Research, Vol. 107, E7.

Selected References

Shuvalov, V. V., Dypvik H., Kalleson, E., Setsa R., and Riis, F. (2012). Modeling
the 2.7 km in diameter, shallow marine Ritland impact structure. Earth
Moon Planets, Vol. 108, pp. 175-188.

Sighinolfi, G. P, Sibilia, E., Contini, G., and Martini, M. (2015). Thermolumines-
cence dating of the Kamil impact crater (Egypt). Meteoritics and Planetary
Science, Vol. 50, pp. 204-213.

Simmonds, C. H., Phinney, W., McGee, P, and Cochran, A. (1978). West
Clearwater, Quebec, impact structure. Part |: Field geology, structure
and bulk chemistry. Proceedings of the 10" Lunar and Planetary Science
Conference, Houston, Texas, Pergamon Press, New York, pp. 2633-2658.

Sisodia, M. S., Lashkari G., and Bhandari, N. (2006). Impact origin of the
Ramgarh structure, Rajasthan: Some new evidences. Journal of Geological
Society of India, Vol. 67, pp. 423-431.

Sokur, T. M. (1999). Shock metamorphism of quartz in rocks from the Zapadnaya
impact structure (in Russian). Geologicheskii Zhurnal Vol. 1, pp. 87-93.

Sontheim Meteorkrater-Museum: https://www.steinheim-am-albuch.de/
tourismus-a-freizeit/meteorkrater-museum.

Spencer, L. J. (1933). Meteorite craters as topographic features of the earth’s
surface. Geographic Journal, Vol. 81, pp. 227-248.

Spooner, |., Stevens, G., Morrow, J., Pufahl, P, Grieve, R., Raeside, R., Pilon, J.,
Stanley, C., Barr, S., and McMullin, D. (2009). Identification of the Bloody
Creek structure, a possible impact crater in southwestern Nova Scotia,
Canada. Meteoritics and Planetary Science, Vol. 44, pp. 1193-1202.

Spray, J. G. (1997). Superfaults. Geology, Vol. 25, pp. 627-630.

Spray, J. G., Kelley, S. P, and Rowley, D. B. (1998). Evidence for a late Triassic
multiple impact event on Earth. Nature, Vol. 392, pp. 171-173.

Spray, J. G., Kelley, S. P, and Dence, M. R. (1999). The Strangways impact
structure, Northern Territory, Australia: geological setting and laser probe
“0Ar-39Ar geochronology. Earth and Planetary Science Letters, Vol. 172,
pp. 199-211.

Spray, J. G., Thompson, L. M., Biren, M. B., and O’Connell-Cooper, C. D.
(2010). The Manicouagan impact structure as a terrestrial analogue site
for lunar and martian planetary science. Planetary and Space Science,
Vol. 58, pp. 538-551.

Stearns, R. G., Wilson, C. W., Jr., Tiedemann, H. A., Wilcox, J. T., and Marsh, P
S. (1968). The Wells Creek structure, Tennessee. In: Shock Metamorphism
of Natural Materials, French, B. M. and Short, N. M. (eds.), Mono Book
Corp., Baltimore, pp. 323-338.

Stevens, G. R. (1995). Meteor Crater, Nova Scotia. The Journal of the Royal
Astronomical Society of Canada, Vol. 89, pp. 111-113.

Stevens, G. R., Spooner, I. S., Morrow, J. R., Pufahl, P, Raeside, R., Grieve, R.
A. F, Stanley, C., Barr, S., and McMullin, D. (2007). Physical evidence of
a late-glacial (Younger Dryas?) impact event in southwestern Nova Scotia
(abstract). Eos Transactions, American Geophysical Union, Fall Meeting
Supplement, Vol. 88.

Stewart, A., and Mitchell, K. (1987). Shatter cones at the Lawn Hill circular
structure, northwestern Queensland: presumed astrobleme. Australian
Journal of Earth Sciences, Vol. 34, pp. 477-485.

Stewart, S. A. (2015). Circular geological structures outcropping in the sedi-
mentary basins of Saudi Arabia. Journal of Asian Earth Sciences, Vol. 106,
pp. 95-118.

Stéffler, D. (1977). Research drilling Nérdlingen 1973: polymict breccias, crater
basement, and cratering model of the Ries impact structure. Geologica
Bavarica, Vol. 75, pp. 443-458.

Stoffler, D., Artemieva, N. A., and Pierazzo, E. (2002). Modeling the Ries-
Steinheim impact event and the formation of the moldavite strewn field.
Meteoritics and Planetary Science, Vol. 37, pp. 1893-1907.

Stéffler, D., Reimold, W. U., Jacob, J., Hansen, B. K., Summerson, I. A. T,
Artemieva, N. A., and Winnemann, K. (2013). Ries crater and suevite
revisited — Observations and modeling, Part I: Observations. Meteoritics
and Planetary Science, Vol. 48, pp. 515-589.

Stone, D. S. (1999). Cloud Creek: A possible impact structure on the Casper
Arch, Wyoming. The Mountain Geologist, Vol. 36, Rocky Mountain As-
sociation of Geologists, pp. 212-234.

Stone, D. S., and Therriault, A. M. (2003). The Cloud Creek structure, central
Wyoming, U.S.A. — Impact origin confirmed. Meteoritics and Planetary
Science, Vol. 38, pp. 445-455.

Storzer, D., Reimold, W. U., and Koeberl, C. (1999). Fission-track age of the
Saltpan impact crater. In: Investigations into the Origin, Age and Paleoenvi-
ronments of the Pretoria Saltpan, Partridge, T. C. (ed.), Memoir 85, Council
for Geoscience, Pretoria, pp. 64-71.

Storzer, D., Sélo, M., Latouche, L., and Fabre, J. (2003). The age of Tenoumer
crater, Mauritania, revisited. 34" Lunar and Planetary Science Conference,
Lunar and Planetary Institure, Houston, Texas, Abstract #1183.

Sturkell, E. F F (1998). The marine Lockne impact structure, Jamtland, Sweden:
a review. Geologische Rundschau, Vol. 87, pp. 253-267.

Sturm, S., Wulf, G., Jung, D., and Kenkmann, T. (2013). The Ries impact, a
double-layer rampart crater on Earth. Geology, Vol. 41, pp. 531-534.

589


https://www.steinheim-am-albuch.de/tourismus-a-freizeit/meteorkrater-museum
https://www.steinheim-am-albuch.de/tourismus-a-freizeit/meteorkrater-museum

Suetenko, O. D., and Shkerin, L. M. (1970). A proposed meteorite crater
in southeastern Mongolia (in Russian). Astronomicheskii Vestnik, Vol. 4,
pp. 261-263.

Suuroja, K., and Suuroja, S. (2000). Neugrund structure — the newly discovered
submarine Early Cambrian impact crater. In: Impacts and the Early Earth,
Gilmour, 1., and Koeberl, C. (eds.), Springer, Berlin Heidelberg, Vol. 91,
pp. 389-416.

Suuroja, S., Suuroja, K., and Flodén, T. (2013). A comparative analysis of
two Early Palaeozoic marine impact structures in Estonia, Baltic Sea: Neu-
grund and Kérdla. Bulletin of the Geological Society of Finland, Vol. 85,
pp. 83-101.

Svensson, N. B. (1968a). Lake Lappaijérvi, Central Finland: a possible meteorite
impact crater. Nature, Vol. 217, p. 438.

Svensson, N. B. (1968b). The Dellen lakes: a probable meteorite impact
in central Sweden. Geologiska Féreningen i Stockholm Férhandlingar,
Vol. 90, pp. 14-316.

Svensson, N. B. (1969). Lake Mien, southern Sweden — a possible astrobleme.
Geologiska Féreningen i Stockholm Férhandlingar, Vol. 91, pp. 101-110.

Svensson, N. B. (1971). Probable meteorite impact crater in central Sweden.
Nature, Vol. 229, pp. 90-92.

Svensson, N. B. (1993). Lumparn Bay: A meteorite impact crater in the Aland
archipelago, southwest Finland. Meteoritics. Vol. 28, pp. 245.

Svensson, N. B., and Wickman, F. E. (1965). Coesite from Lake Mien, southern
Sweden. Nature, Vol. 205, pp. 1202-1203.

Sweet, |. P, Haines, P W., Mitchell, K., and Glikson, A. Y. (2005). Matt Wilson
Structure: record of an impact event of possible early Mesoproterozoic
age, Northern Territory. Australian Journal of Earth Sciences, Vol. 52,
pp. 675-688.

Tagle, R., and Claeys, P (2005). An ordinary chondrite impactor for the Popigai
crater, Siberia. Geochimica et Cosmochimica Acta, Vol. 69, pp. 2877-2889.

Tagle, R., Schmitt, R. T., and Erzinger, J. (2009). Identification of the projectile
component in the impact structures Rochechouart, France and Saéksjarvi,
Finland; implications for the impactor population for the Earth. Geochimica
et Cosmochimica Acta, Vol. 73, pp. 4891-4906.

Therriault, A. M., and Grantz, A. (1995). Planar deformation features in
quartz grains from mixed breccia of the Avak structure, Alaska (abstract).
26™ Lunar and Planetary Science Conference, Houston, Texas, Lunar and
Planetary Institute, pp. 1403-1404.

Therriault, A. M., Fowler, A. D., and Grieve, R. A. F (2002). The Sudbury
Igneous Complex: A differentiated impact melt sheet. Economic Geology,
Vol. 97, pp. 1521-1540.

Thomas, M. D., and Innes, M. J. S. (1977). The Gow Lake impact structure,
northern Saskatchewan. Canadian Journal of Earth Sciences, Vol. 14,
pp. 1788-1795.

Thompson, L. M., and Spray, J. G. (2017). Dynamic interaction between impact
melt and fragmented basement at Manicouagan: The suevite connection.
Meteoritics and Planetary Science, Vol. 52, pp. 1300-1329.

Tohver, E., Cawood, P A., Riccomini, C., and Trindade, R. I. F (2013). Shak-
ing a methane fizz: Seismicity from the Araguainha impact event and the
Permian-Triassic global carbon isotope record. Palaeogeography, Palaeo-
climatology, Palaeoecology, Vol. 387, pp. 66-75.

Tonkin, P E. (1973). Discovery of shatter cones at Kelly West near Tennant
Creek, Northern Territory, Australia. Geological Society of Australia Journal,
Vol. 20, pp. 99-102.

Trepmann, C. A., and Spray, J. G. (2005). Planar microstructure and Dauphiné
twins in shocked quartz of the Charlevoix impact structure, Canada. In:
Large Meteorite Impacts Ill, Kenkmann, T., Hérz, F, and Deutsch, A. (eds.),
Geological Society of America Special Paper, Vol. 384, pp. 315-328.

Trieloff, M., Deutsch, A., and Jessberger, E. (1998). The age of the Kara impact
structure, Russia. Meteoritics and Planetary Science, Vol. 33, pp. 361-372.

Tsikalas, F, and Faleide, J. I. (2007). Post-impact structural crater modification
due to sediment loading: An overlooked process. Meteoritics and Planetary
Science, Vol. 42, pp. 2013-2029.

Tsikalas, F, Gudlaugsson, S. T., and Faleide, J. I. (1998). The anatomy of a
buried complex impact structure: the Mjglnir structure, Barents Sea. Journal
of Geophysical Research, Vol. 103, pp. 30469-30483.

Ubide, T. P, Guyett, C., Kenny, G. G., O'Sullivan, E. M., Ames, D. E., Petrus, J.
A., Riggs, N., and Kamber, B. S. (2017). Protracted volcanism after large
impacts: Evidence from the Sudbury impact basin. Journal of Geophysical
Research, Planets, Vol. 122, pp. 701-728.

Ugalde, H., Valenzuela, M., and Milkereit, B. (2007). An integrated geophysical
and geological study of the Monturaqui impact crater, Chile. Meteoritics
and Planetary Science, Vol. 42, pp. 2153-2163.

Underwood, J. R. (1975). Reconnaissance geology of meteorite impact struc-
tures in SE Libya. Abstracts and Programs of the Geological Society of
America, Vol. 7, p. 242.

Underwood, J. R. (1976). Impact structures in the Libyan Sahara: some compari-
sons with Mars. Proceedings of the International Colloquium on Planetary
Geology. Geologica Romana, Vol. 15, pp. 337-340.

590

Selected References

Underwood, J. R., and Fisk, E. P. (1980). Meteorite impact structures, Southeast
Libya. 2" Symposium on the Geology of Libya, Tripoli, Libya, pp. 893-900.

Urbini, S., Nicolosi, I., Zeoli, A., El Khrepy, S., Lethy, A., Hafez, M., El Gabry,
M., El Barkooky, A., Barakat, A., Gomaa, M., Radwan, A., El Sharkawi,
M., D'Orazio, M., and Folco, L. (2012). Geological and geophysical
investigation of Kamil Crater, Egypt. Meteoritics and Planetary Science,
Vol. 47, pp. 1842-1868.

Uutela, A. (2001). Proterozoic and early Palaeozoic microfossils in the Karik-
koselké impact crater, Central Finland. Bulletin of the Geological Society
of Finland, Vol. 73, Parts 1-2, pp. 75-85

Uysal, I. T., Golding, S. D., Glikson, A. Y., and Mory, A. J. (2001). K-Ar evidence
from illitic clays of a Late Devonian age for the 120 km diameter Woodleigh
impact structure, Southern Carnarvon Basin, Western Australia. Earth and
Planetary Science Letters, Vol. 192, pp. 281-289.

Valenzuela, M., Rochette, P, Bourlés, D. L., Braucher, R., Faestermann, T., Finkel,
R. C., Gattacceca, J., Korschinek, G., Merchel, S., Morata, D., Poutivisev, J.,
Rugel, G., and Suavet, C. (2009). The age of Monturaqui impact crater. 72"
Annual Meeting of the Meteoritical Society, Nancy, France, Abstract #5185.

Val'ter, A. A., and Ryabenko, V. A. (1977). Explosion Craters of the Ukrainian
Shield (in Russian). Naukova Dumka Press, Kiev, Ukraine. 154 pp.

Valter, A. A, Bryansky, V. P, Ryabenko, V. A., and Lazarenko, E. (1976). On
the explosion (meteoritic) origin of Zeleny Gai structure on the Ukrainian
Shield (in Russian). Doklady ANSSSR, Vol. 229, pp. 160-162.

Val'ter, A. A., Gurov, E. P, and Ryabenko, V. A. (1976). The Obolon’ fossil
meteorite crater astrobleme on the northeast flank of the Ukrainian Shield
(in Russian). Doklady Akademii Nauk SSSR, Vol. 232, pp. 170-173.

Van Lopik, J. R., and Geyer, R. A. (1963). Gravity and magnetic anomalies of
the Sierra Madera, Texas, “Dome”. Science, Vol. 142, pp. 45-47.

Vasconcelos, M. A. R., Crésta, A. P, and Molina, E. C. (2010). Geophysical
characteristics of four possible impact structures in the Parnaiba Basin, Brazil:
Comparison and Implications. In: Large Meteorite Impacts and Planetary
Evolution IV, Gibson, R. L. and Reimold, W. U. (eds.), Geological Society
of America Special Paper, Vol. 465, pp. 201-217.

Vasconcelos, M. A. R., Leite, E. P, and Crésta, A. P (2012). Contributions of
gamma-ray spectrometry to terrestrial impact crater studies: the example
of Serra da Cangalha, northeastern Brazil. Geophysical Research Letters,
Vol. 39, L04306.

Vasconcelos, M. A. R., Crésta, A. P, Reimold, W. U., Goes, A. M., Kenkmann,
T., and Poelchau, M. H. (2013). The Serra da Cangalha impact structure,
Brazil: Geological, stratigraphic and petrographic aspects of a recently
confirmed impact structure. Journal of South American Earth Sciences,
Vol. 45, pp. 316-330.

Vasilyev, N. V. (1998). The Tunguska meteorite problem today. Planetary and
Space Science, Vol. 46, pp. 129-150.

Veretennikov, N. V. (2010). The Logoisk impact crater. In: The Sun, the Stars,
The Universe and General Relativity: International Conference in Honor of
Ya.B. Zeldovich’s 95" Anniversary, Minsk, Belarus, Ruffini, R., and Veresh-
chagin, G. (eds.), AIP Conference Proceedings, Vol. 1205, pp. 185-190.

Veretennikov, N. V,, ll'kevich, G., and Makhnacha, S. (1979). Logoisk buried
depression — an ancient meteorite crater (in Russian). Doklady Acad. Nauk
BSSR, Vol. 23, pp. 156-160.

Vesconi, M. A., Wright, S. P, Spagnuolo, M., Jacob, R., Cerrutti, C., Garcia,
L., Fernandez, E., and Cassidy, W. A. (2011). Comparison of four mete-
orite penetration funnels in the Campo del Cielo crater field, Argentina.
Meteoritics and Planetary Science, Vol. 46, pp. 935-949.

Veski, S., Heinsalu, A., Lang, V., Kestlane, U., and Possnert, G. (2004). The age
of the Kaali meteorite craters and the effect oft he impact on the environ-
ment and man: evidence from inside the Kaali craters, island os Saaremaa,
Estonia. Vegetation History and Archaeobotany, Vol. 13, pp. 197-206.

Vincent, P M., and Beauvilain, A. (1996). Découverte d'un nouveau cratére
d'impact météoritique en Afrique: I'astrobléme de Gweni Fada (Ennedi,
Sahara de Tchad). Comptes Rendus de I’Académie des Sciences, Paris,
Vol. 323, pp. 987-997.

Vishnevsky, S. A. (1995). The Chykcha impact crater, Taymyr peninsula: Heavily
eroded astrobleme of Cretaceous-Paleogene age (abstract). Meteoritics,
Vol. 30, p. 591.

Vishnevsky, S. A. (1999). Ragozinka: Eocenian marine impact crater on the
middle Urals, Russia, Meteoritics and Planetary Science, Vol. 34 Supple-
ment, pp. A117.

Vishnevsky, S. A. (2007). Shiyli Dome, Kazakhstan: Origin of central uplift by
elastic response. Bridging the Gap II: Effect of Target Properties on the
Impact Cratering Process, Saint-Hubert, Canada, LPI Contribution No.
1360, pp. 125-126.

Vishnevsky, S. A., and Lagutenko, V. N. (1986). The Ragozinka Astrobleme:
An Eocene crater in the central Urals (in Russian). Doklady Akademii Nauk
SSSR, Vol. 14, 42 pp.

Vishnevsky, S. A., and Korobkov, V. F (1989). Chiyli Dome, an eroded impact
structure in western Primugodzharye (in Russian). Akademiya Nauk SSSR,
pp. 1-51.



Vishnevsky, S. A., Maslov, M. A_, Pal’chik, N. A., and Ponomarey, G. Y. (1977).
Coesite in rocks of the Kara structure. Akademiya Nauk SSSR Doklady,
Vol. 232, pp. 446-448.

Von Engelhardt, W., and Stéffler, D. (1965). Spaltflachen im Quarz als An-
zeichen fir Einschlége grofler Meteoriten. Naturwissenschaften, Vol. 52,
pp 489-490.

Von Engelhardt, W., Hérz, F, Stéffler, D., and Bertsch, W. (1968). Observations
on quartz deformation in the breccias of West Clearwater Lake, Canada
and the Ries Basin, Germany. In: Shock Metamorphism of Natural Materi-
als, French, B. M., and Short, N. M. (eds.), Mono Book Corp., Baltimore,
pp. 475-482.

Von Engelhardt, W., Matthai, S. K., and Walzebuck, J. (1992). Araguainha
impact crater, Brazil. I. The interior part of the uplift. Meteoritics, Vol. 27,
pp. 442-457.

VSEGEL. (2014). State Geological Maps 1:200,000. https://vsegei.ru/en/.

Wacrenier, P, Hudeley, H., and Vincent, P M. (1958). Carte géologique du
Borkou-Ennedi-Tibesti a 1/100000. Brazzaville, Direction des Mines et la
Géologie.

Walton, E. L. Sharp, T. G., Hu, J., and Tschauner, O. (2017). Investigating the
response of biotite to impact metamorphism: Examples from the Steen
River impact structure, Canada. Meteoritics and Planetary Science, Vol. 53,
pp. 75-92.

Wartho, J. A., van Socest, M. C., King, D. T., and Petruny, L. W. (2012). An
(U-Th)/He age for the shallow-marine Wetumpka impact structure, Ala-
bama, USA. Meteoritics and Planetary Science, Vol. 47, pp. 1243-1255.

Weber, J. C. (2013). Impact geology: Central uplift, Kentland impact struc-
ture, Newton County Stone (Kentland) Quarry, Indiana, USA. In: Insights
into the Michigan Basin, The Geological Society of America Field Guide,
Vol. 31, pp. 1-7.

Werner, S. C., Plado, J., Pesonen, L. J., Janle, P, and Elo, S. (2002). Potential
fields and subsurface models of Suvasvesi North impact structure, Finland.
Physics and Chemistry of the Earth, Vol. 27, pp. 1237-1245.

Westbroek, H. H., and Stewart, R. R. (1995). The White Valley structure, Sas-
katchewan: a possible meteorite impact crater. CREWES research report,
Chapter 19, 18 pp.

Westbroek, H. H. (1997). Seismic Interpretation of Two Possible Meteorite
Impact Craters: White Valley, Saskatchewan and Purple Springs, Alberta.
M.Sc.Thesis, University of Calgary, 145 pp.

Wickman, F. E. (1980). The impact center of the Siljan structure, central Sweden.
Geologiska Féreningen i Stockholm Férhandlingar, Vol. 102, pp. 105-109.

Wickman, F. E. (1988). Possible impact structures in Sweden. In: Deep Drilling
in Crystalline Bedrock. Volume 1, Bodén, A., and Eriksson, K. G. (eds.),
Springer, Berlin Heidelberg, pp. 298-327.

Williams, G. E. (1986). The Acraman impact structure: Source of ejecta in
Late Precambrian shales, South Australia. Science, Vol. 233, pp. 200-203.

Williams, G. E., and Wallace, M. W. (2003). The Acraman asteroid impact,
South Australia: magnitude and implications for the late Vendian environ-
ment. Journal of the Geological Society, Vol. 160, pp. 545-554.

Williams, G. E., and Gostin, V. A. (2011). Acraman-Bunyeroo impact event
(Ediacaran), South Australia, and environmental consequences: twenty-
five years on. Australian Journal of Earth Sciences, Vol. 52, pp. 607-620.

Williams, G. E., Schmidt, P W., and Boyd, D. M. (1996). Magnetic signature
and morphology of the Acraman impact structure, South Australia. AGSO
Journal of Australian Geology and Geophysics, Vol. 16, pp. 431-442.

Willman, H. B. (1971). Summary of the Geology of the Chicago Area: lllinois.
Geological Survey Circular, Vol. 460, 77 pp.

Selected References

Wilshire, H. G., and Howard, K. A. (1968). Structural patterns in central
uplifts of cryptoexplosion structures as typified by Sierra Madera. Science,
Vol. 162, pp. 258-261.

Wilshire, H. G., Offield, T. W., Howard, K. A., and Cummings, D. (1972). Ge-
ology of the Sierra Madera cryptoexplosion structure, Pecos County, Texas.
U.S. Geological Survey Professional Paper, Vol. 599-H, 42 pp.

Wiodarski, W., Papis, J., and Szczuciriski, W. (2017). Morphology of the Mo-
rasko crater field (western Poland): Influences of pre-impact topography,
meteoroid impact processes, and post-impact alterations. Geomorphology,
Vol. 295, pp. 586-597.

Wolf, R., Woodrow, A. B., and Grieve, R. A. F (1980). Meteoritic material at
four Canadian impact craters. Geochimica et Cosmochimica Acta, Vol. 44,
pp. 1015-1022.

Wong, A. M., Reid, A. M., Hall, S. A., and Sharpton, V. L. (2001). Reconstruction
of the subsurface structure of the Marquez impact crater in Leon County,
Texas, based on well-log and gravity data. Meteoritics and Planetary Sci-
ence, Vol. 36, pp. 1443-1455.

Wulf, G., Hergarten, S., and Kenkmann, T. (2018). Combined remote sensing
analyses and landform evolution modeling reveal the terrestrial Bosumtwi
impact structure as a Mars-like rampart crater. Earth and Planetary Science
Letters, Vol. 506, pp. 209-220.

Winnemann, K., Morgan, J. V., and Jédicke, H. (2005). Is Ries crater typi-
cal for its size?2 An analysis based upon old and new geophysical data
and numerical modeling. Geological Society of America Special Paper,
Vol. 384, pp. 67-83.

Wynn, J. C., and Shoemaker, E. M. (1998). The day the sands caught fire.
Scientific American, Vol. 279, pp. 3645.

Yarmolyuk, V. A. (1951). The Sobolevka crater (in Russian). Priroda, Vol. 6,
pp. 40-42.

Yeates, A. N., Crowe, R. W. A., and Towner, R. R. (1976). The Veevers crater:
a possible meteoritic feature. BMR Journal of Australian Geology and
Geophysics, Vol. 1, pp. 77-78.

Yokoyama, E., Trindade, R. I. F, Lana, C. R., Souza-Filho, C. R., Baratoux, D.,
Marangoni, Y. R., and Tohver, E. (2012). Magnetic fabric of Araguainha
complex impact structure (Central Brazil): Implications for deformation
mechanisms and central uplift formation. Earth and Planetary Science
Letters, Vol. 331-332, pp. 347-359.

Youles, I. P (1976). Mount Toondina impact structure. Quarterly Geological
Notes, The Geological Survey of South Australia, Vol. 60, pp. 10-11.
Young, K. E., van Soest, M. C., Hodges, K. V., Watson, E. B., Adams, B. A., and
Lee, P (2013). Impact thermochronology and the age of Haughton impact
structure, Canada. Geophysical Research Letters, Vol. 40, pp. 3836-3840.

Young, K. E., Mercer, C. M., van Soest, M. C., Hodges, K. V., Wartho, J. A.,
and Biren, M. B. (2014). An examination of noble gas geochronology
and thermochronology in the context of dating impact events. 45" Lunar
and Planetary Science Conference, Lunar and Planetary Institute, Houston,
Texas, Abstract #2670.

Zink, M. (2015). TanDEM-X mission status. The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences XL-7/
W3, pp. 1345-1352.

Zink, M., Bachmann, M., Brautigam, B., Fritz, T., Hajnsek, I., Krieger, G.,
Moreira, A., and Wessel, B. (2014). TanDEM-X: The new global DEM takes
shape. IEEE Geoscience and Remote Sensing Magazine, Vol. 2, pp. 8-23.

Zumsprekel, H., and Bischoff, L. (2005). Remote sensing and geographic
information system analyses of the Strangways impact structure, Northern
Territory. Australian Journal of Earth Sciences, Vol. 52, pp. 621-630.

591



Manfred Gottwald was educated in astronomy and physics at the Ludwig-Maxi-
milians-Universitéat in Munich. After his Ph.D. in 1983 he worked in high-energy
astrophysics for the European Space Agency and the Max-Planck Institute for
Extraterrestrial Physics, studying objects far out in our galaxy and beyond. When
he joined the German Aerospace Center at Oberpfaffenhofen, our solar system
and Earth became the scientific topics of choice. At the Earth Observation Center
he was involved in many space-borne missions investigating our atmosphere, our
cryosphere and the terrestrial surface. Particularly challenging was his responsibil-
ity for the atmospheric science instrument SCIAMACHY on the European ENVISAT
platform. Since the International Polar Year 2007/2008 he coordinated the national
Earth Observation missions in support of polar science under the auspices of the
World Meteorological Organization. This familiarized him with the TanDEM-X radar
mission, whose high-resolution digital elevation model allowed Manfred to engage
in impact craters, a field where astronomy meets geology. His books, papers and
talks, both for scientific communities and the interested public, cover the entire
universe, from its distant edge right to the surface of our home planet.

Thomas Kenkmann studied geology and paleontology at the University of Co-
logne and completed his dissertation in 1997 at the Freie Universitat Berlin. Since
2010 he has been Professor of Geology and Structural Geology at the University
of Freiburg, Germany. Thomas Kenkmann and his working group are investigat-
ing the structure and deformation inventory of impact craters on Earth and other
planetary bodies at scales ranging from satellite imagery to micrometers. Thomas
is a passionate field geologist, who has studied more than 40 terrestrial impact
craters worldwide, and mapped many of them geologically, among them Upheaval
Dome in the United States, Jebel Wagf as Suwwan in Jordan, Serra da Cangalha
in Brazil, and Matt Wilson, and Gosses Bluff in Australia. He is responsible for a
number of crater discoveries and confirmations such as Saqqgar in Saudi Arabia,
the Douglas crater strewn field in the United States, or Ramgarh in India. He is
also experimentalist and initiated and coordinated a multidisciplinary consortium
to understand meteorite impact into various rock types by conducting shock and
cratering experiments. He has published a multitude of refereed scientific articles
in journals and books and edited several special issues and a book on impact cra-
ters. In 2012, Thomas Kenkmann won the State Teaching Award of the Ministry of
Education, Research and Art of the Federal State of Baden-Wurttemberg, Germany.
Thomas Kenkmann received the Barringer Medal and Award of the Meteoritical
Society in 2018 for his key contributions to the areas of impact crater research.

Wolf Uwe Reimold holds M.Sc. (1977) and Ph.D. (1980) degrees in Mineralogy
from the University of Minster (Germany). Post-doctoral research at NASA Johnson
Space Center in Houston (USA) was followed by research positions and then a
Professorship in Mineralogy at the University of the Witwatersrand (Johannesburg,
South Africa, 1984-2005). Uwe’s main research interests have been multidisci-
plinary Impact Crater and Shock Metamorphism studies, besides some Economic
Geology and Regional Geology exploits in southern Africa and Ethiopia. Impact
research was mainly focused on structures in Africa, Europe, and North America,
including a major contribution to the understanding of the Vredefort impact struc-
ture in South Africa. Other main research targets were Bosumtwi (Ghana), Roter
Kamm (Namibia), and various structures in Scandinavia, and in recent years in
Brazil. In 2006, Uwe transferred to Humboldt University and the Museum fir
Naturkunde in Berlin, where he served as Professor of Mineralogy and Petrography,
and Head of the Evolution and Geosciences Division of the Museum. In 2018 Uwe
took retirement in Berlin, and a new position as Professor Titular at the Institute
of Geosciences at the University of Brasilia, Brasil. Uwe Reimold was President
of the Geological Society of South Africa (2002), and their De Beers Alex L. Du
Toit Lecturer in 2006. He was honored for his Impact Cratering Research with the
Barringer Medal and Award by The Meteoritical Society in 2009. Uwe Reimold’s
distinguished scientific output includes authorship of more than 350 refereed sci-
entific articles and chapters in books, as well as author- or editorship of a dozen
scientific and popular scientific books.

607



Impact cratering is one of the fundamental processes in the solar system and, with all certainty, beyond. This
process played a major role when the planets and their moons began to form from the protoplanetary disk, and
throughout planetary evolution since then. On Earth, impacts of certain size even affected the evolution of life.

Lunar and interplanetary spaceflight over the past 50 years has provided us with detailed maps of the old, impact-
crater covered surfaces of our Solar System neighbors. For Earth, the global impact crater record only represents
a fraction of the bombardment that our planet has had to endure. Tectonic activity, erosion and weathering, and
post-impact burial under sedimentary covers have erased most of the terrestrial impact history. Many of the re-
maining recognized crater structures have either been modified almost beyond recognition, or are buried entirely.

Mapping what is left of the terrestrial impact record from a satellite platform in low-earth orbit is often obscured
by dense clouds and dust-laden air layers in our atmosphere; or even the lack of solar illumination prevents us
to see the bare ground. Remote sensing methods developed in the past decades have given us tools, however,
to tackle the challenge of mapping the Earth’s surface with high precision.

Between 2010 and 2016 the German TanDEM-X radar X-band mission, operated and managed by DLR, the Ger-
man Aerospace Center, generated the first global space-borne terrestrial digital elevation model of high resolution,
based on Synthetic Aperture Radar interferometric measurements. We have used these data and produced the first
topographic atlas of all currently confirmed terrestrial impact structures. This book provides the readership with
the basic principles of impact cratering, of radar remote sensing, and of the TanDEM-X mission. It addresses the
updated terrestrial impact crater record with more than 200 high-resolution maps, supplemented by geological
descriptions and a plethora of field photographs for most structures. Thus, our atlas provides a comprehensive
overview of the impact crater record for each continent.
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