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d®omo Mapama AxmMemeasieega

deBpansa 2013 roga nopoauno
Yype3BblYaMHY CUTyaLUIO
denepanbHOro ypoBHs

NMNapeHne YenabuHckoro meteopurta 15

TyHrycckuu B3pbiB 1908 roga ¢ TpoTUNOBLIM
3KkBuBaneHToMm 5-15 Mt aiBnsieTca oTHIOAb He
YHUKarbHbIM COObITUEM B psigy NoAobHOro
poAaa ABNeHuun
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[ naBHaA 3agava: BepoATHOCTHaA oueHKa
KOCMMYE€CKOU ONaCHOCTU Ha COBPEMEHHOM
JTane reosiorM4eckou nctopmm 3emMnm

Hanbonee HageXHbIN NYyTb PeLUeHUS:
N3ydyeHune nctopmnyeckmx crnyvyaeB nageHUN Ha
3eMIno KOCMUYeCcKux ten

«Ecnu xoueutv y3namo, umo cayuumcsi, 63271AHU HA MO, YUMo yice
npouszownoy Hukkono Makuagennu

“Whoever wishes to foresee the future, must consult the past»
Niccolo Machavelli (1469-152



Some factsheet about cosmic (comet-asteroid) hazard

Globally catastrophic impact, capable of killing 1/4 of Earth
population and triggering global climate change, starts at
10° Mt. It can be produced by 2.9-km asteroid.

Even 1-km asteroid (510 Mt) is capable to terminate the
development of modern human civilization.

Modelled average interval between events of that scale is
roughly 1 million years.

Ordinary stone (chondrite) converts into TNT at the speed
of 2.4 km/sec



Frequency - size relation
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http://neo.jpl.nasa.gov/fireballs/

Bonuna n meteoputbl baccukyHy (MaBputaHusa) 16 okrabpsa 2006 roga

16 okTA6pa 2006 roga sipkmn bonna Habnogancs
paHo yTpoMm (B 4 4Yaca yTpa) B toro-zanagHom
MaBputaHun, Bonuan rpaduubl ¢ Mann. Xutenm
HeDOsbLIOro MaBpUTAHCKOIo ropoaka
Bassikounou Obinin pa3byXeHbl SpKOW BCMNbILLKON U
nocnegosaBLLNM rPpoxoToM. MHOrMM nokasanocho,
YyTO Hactynun "KoHey cBeTa". Bnocneacrsuu B
obnacTtu pasmepom 25x5 KM Obinun cobpaHbl
HECKOJSIbKO COT (pparMeHTOB KAMEHHOro
MeTeopuTa, obwmm Becom 6onee 100 kr. Benay
yOoaneHHoCcTn mecTta, cobbiTe o BecHbl 2007 roaa
OCTaBanocCb NPakTU4eCKU HeU3BECTHbIM AN
ocTanbHoro mmpa. Hannuyme Kparteposn
Hen3BeCTHO, palnoH 0 cux Nop He obcnegosarncs
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MeTeoput B KapaHkace (Mepy) 15.09.2007 r. M=7-12T, d=2 m, D= 13.5 m, V = 12-17 km/s,
yron 45-60°, Ek=0.2-0.4 kT THT, Ei=1-3t THT. Tun - H4-5 ordinary chondrite. H=3824 m.
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HanpgeH BbiBarn feca ¢ BblpaXeHHbIM FreHeparibHbIM
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Bonbwon B3pbiB, NOBaNUBLUMKA NeC Ha NNoLwaam oKosno
8,000KM2, npoun3oLwersn Ha KXHOM aBCTPalIMNCKOM nobepexbe B

panoHe o-Ba KaHrapyy Bo BTOopou nonosuHe XVIII B.

Kangaroo Island:

A thick wood covered almost all that
part of the island, but the trees in a
vegetating state were not equal in size
to the generality of those lying on the
ground, nor to the dead trees standing
upright. Those on the ground were so
abundant that in ascending the higher
land a considerable part of the walk
was made upon them. They lay in all
directions, and were nearly of the
same size and in the same progress
towards decay

Thistle Island : Signs of extinguished
fire existed everywhere; but they
bespoke a conflagration of the woods,
of remote date

Boston Island:

There were abundant marks of fire;
they had the appearance, as at
Thistle's Island, of having been
caused by some conflagration of the
woods several years before

Matthew Flinders (1814) A voyage to
Terra Australis. vol. 1
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KpatepHoe none (3x19 km) Kamno-genb-Cueno (ApreHtnHa), 4800-4100 net T.H.. E ~ 2 Mr.
Bonee 25 kpaTtepoB, Han6onbwnn anametp 115 M. XKenesHbin meteoput (Barrientos,
Masse, 2014).

KpatepHoe none (250x60 km) Puo-KBapto (ApreHTtuHa), 6000-3000 net T.H.. E ~ 100-1000 MrT.
Bonee 15 BbITAHYTbIX KpaTepoB, pa3mepom Ao 3500 M. OObLIKHOBEHHbLIN XOHAPUT.
MmnakTHbIN KBapLu, onnaBrieHHble cTekna. OTkpbITo B 1990 roay. (Barrientos, Masse, 2014).



Monoable (ronoueHoBblIe) KpaTepbl ¢ AOKa3aHHbIM UMNAKTHbIM reHe3NCoM

Wabar, Saudi Arabia, D~ 115m, A= 350 yr BP  Kaali, Estonia B=110 m, A~ 800-2000 yr BP

Macha, Yakutia, D=350 m, A=7,315%80 yr BP

Henbury, Australia, D=170 m, A~4000 yr BP
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Ciletschergerdlie = fallenkalk, Marmor, Sandstein, Gneis, Serpentinit, Quarzit, ...}

s

s absgetreu aber in den relativen Grélenverhiifnissen gezeichnat.
gen nratern beazeichnen die tatséchlichen Durchmesser (in Matam).




O3epo Cmepasube, LaTtypckun panoH MockoBckon obnacTu,
AunameTp (no rpe6HI0 Bana) — 380 m, MakcumanbHas rinyouHa -- 26 m

O6noMo4HbIN MaTepuan (OKpeMHeBaHHbIe baTumeTtpuyeckas KapTa
U3BECTHSIKU) U3 TOSLUM KpaeBOro Bana AHa o3epa
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Knumatnyeckaa katacrtpodga 536-540 rr.H.3.
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AQUEST FOR LHE: ORIGINS OF
THE MODERN WORLD
DAVID KEYS

*It was a catastrophe without precedent in
recorded history: suddenly, with no warning
or apparent cause, the sun failed to shine
starting in AD 535 For months on end, a
strange, dusky haze plunged much of
the earth into semi-darkness. Crops
failed in Asia and the Middle East as
global weather patterns radically altered.
Bubonic plague, exploding out of Africa,
wiped out entire populations in Europe.
Flood and drought brought ancient
cultures to the brink of collapse. In a
matter of decades, the o/d order died and
a new world— essentially the modern
world as we know it today—emerged

*D.Keys (1999)
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Bapuvauuu cogepxaHusa xnopa (BBepxy ) u
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Ncuye3HoBeHME roagnyHOro Konbua COCHbl BO
BHyTpeHHen MoHronum Ha pyoexe 536/537 r. H.3.

AD 1014
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Foundation dates from
An Ecclesiastical History of Ireland
Brenan, M.J. 1840

|

Ammonium concentration (ppb)

Date AD

1000 1200 1400
Hdatbl ocHoBaHun uepksen B Upnangum ¢ 440 no
600 roa H.3.

GRIP Date AD




Y601 First hnqmgs

2 Car/left

Banyan(ree
il
Ima! 6321019 118/GIODE
© 2012 Wnereis® Sen Py Ll

image © 2012 TerraMetrics

=phe\1ﬂeium\a| left)
melting of'a
siderite grain

AccV  Spat Magn  Det WD
15,00k 40 15000x NOME 114 21812

2007 Europa Technologies &
leage © 2007 TerraMetrics?

i

Pointerillat -14:5565752 Vlont 1386954507 elev ' " Sllaamiln




P00 750

- i
o g | /)
v Hot Water From Sky (or Ground)

% Fire and Intense Heat Immediately Prior to Flot
Direction Flood Storm Moving
» Location of Flood Myth
/" Hypothesized Splash Ejecta Ring

@ Hypothesized General Location for Impact Site L e ——
-6400-6000-5600-5200-4800-4400-4000-3600-3200-2800-2400-2000

FLOOD COMET ca. 2807 B.C. | Depth,m

Hypothetical position of an impact site, proposed by B.Masse in 2004 (on the left) and actual position of
submarine crater-candidate Burckle, some 1500 km SE of Madagascar found by D.Abbott in 2005 (Abbott et
al, 2005) (on the right). lengpoxpoHonoruyecka gatupoBka codbiTua Benukoro Motona 2354-2345 0o H.9.
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Temperature of Lower Atmosphere
Last 400,000 Years
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MN3meHeHusa rnobGanbHOro KnumaTa Ha 3emrne 3a nocrniegHue 400 n 50 TbicAY neT, NONy4YeHHbIe No

pe3ynbTataMm uamepeHusi cCootHoweHusa nsortonon O'6/0O'® B KonoHKax OypeHUs nbaoB AHTapPKTUAbI



Evidence for an extraterrestrial impact 12,900 years
ago that contributed to the megafaunal extinctions
and the Younger Dryas cooling
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& carbonsich bladk layar, dating to =129 ka, has buan prestously
ldertified at - 50 dovls-age sthes @Toss Morth Amarka and appaars
comtemporaneous with the abrupt onsst of Younger Dryas (VD)
oooling. Tha in st bores of eting: Aakstocene megafauna, aleng
with Cods tool assemblages, oour below this bladk layer but mot
within or abows . Camkes for the axtinctiors, YD woling, and
tamminiation of dovls ailturs hawe long bean corrosral. n this
paper, ‘wa prodda evidencs for an actraterrestrial (ET) Impact seant
at =129 ka, whidh wea hypothasize mused abrupt amdronmantal
dhanges that coniribuied to ¥ cooling, major ecological recrganl-
zation, broad-scale extinctions, and rapld human behasionl shifts at
the erd of the dols Pedod. dods-age s In North &merlan are
owerlain by a thin, disoete layer with varying peak abundanes of ()
mizgnatic grains with indium, (# magnetc miaosphankes, (W) duar-
oo, (%) seot, i) carbon spherules, () glassdike @rbon comtalning
ranodlamords, and (vh) fullereres with ET hallum, all of whidh ars
addanca for an ET Impact and assodated blomass bumning at-=122
ka. This layar alsocactands through outat keast 15 Caroling Bays, whidh
are uniqus, alliptical depressiors, orlemted to the northraest agoss
the Atlartic Coastal Flain. We propose that one or more large,
lore-dunsity ET objeds exploded ower northem Morth &merka, par-
Halydestabilizing the Laurertidaloe Shestand triggerng Y0 conling.
The shock wawe, thermal pulse, and ewntrdatd emdronmental
effects (a.g9., @rtenste blomass burming and food limitators) con-
trbuted to end-Flalstecene megafaunal sxtindiors and adapttea
shifts among Fale st mericans In Morth & merlc

comat | Iidiam | miromatecriss | rancdemond | sphendes

A carbem-rich black laver, dating to =129 ka (12900 clendar
wears BF.) (1), has been identified by C. V., Homoes, I (2], at
=50 gites across Morth America as blasck mais, carbonacecos sl
ar dark organic clays [spporting information (30) Bg. 5] The age
af the base of this black layer coincides with the abropt orset of
Younger Dryas i YI¥ cooling, after which there i no evidence for
either @ sty exiinct megafaunal remains or Clovis artifacs. In-
creasing evidence suggesis that the exiinction of many mammalian
and avian tawa occurred abrupily and perhaps catastrophically ai
the omset of the Y1, and this extinclion was pronounced in Morth
America where at least 35 mamimal genera dsappeared (3 in-
cluding mammoths, masadors. ground slothe, hores, and amek,
alomg with birds and smaller mammals. At Murray Springs, A7, a
well knowvn Clovis sve, mammoth bones and Clovisage stons tools
lie directly beneath the black laver where, as described by Hovnes
i4): “[T]he sudden extinction of the Pleigocene megafauna would

be: dramatically revealed by explaining that all wers gooe an instant
hefore the bade mat was depos bed.

The cause of this extinction has loog been debaved and rerma ins
highly conirowersial doe, in part, o the limitations of available data
but ako because the rwo major competing, bypotheses, human
owerkill (5) and abrupt cooling (&), fall shari of ecplaining, many
abservations. For example. Gravson and Melizer (7) sommarized
serious problems with the owverkill lypothesis, mch as the absence
of kill sites for 33 genera of extinct mammals, indoding camels and
skathe. I addition, alth abrupl coolig episcdes of nitudes
similar 1o the YD omuﬁ ﬁflegd:ringn%heppaz il ﬁon& are
kncen 1o be amociated with mojor edinctions. The possibility of
pandermic dsease also hos been miggested (85, but there is no
evidence for that in the Fleistocene record. Thus, the end-
Fleisiorene extinction event is wnique within the lave Cuoaternary
and & unlikzly o have resulied only from climatic cooling, and
hurnan overkill. The extinctiors were too broad and ecologially
desp 10 support those hypotheses.

Exiraterrestrial (ET) catastrophes also have been pr . For
example, LaVioletie | %) suggesied that a large explosion in our
galactic core led io the extinctions. Brakenridge (10) postulaied that
a mpemova killed the megafouna and cawsed the worldwids
depegition of the black layer. Clube and Mapier (11) proposed
multiple encouners with remnants of the mega comet progenitar
of the Taurid metsor gream and Comet Encke. Although ET
ewenis have long been proposed s a trigger for mass extinctions,
such s ai the EJT (=65 Maj (120 and PYT (=250 Ma) (131, there
has been no compelling evidence linking immpacts to the late
Pleisiocene megafaonal extinctions and YD coaling.

In the 1950, W, Topping (14) dscovered magnetic microspher-
ules and ather possble ET evidence in sediment at the Gainey

Ayurther cormbutions ARF, AW, [P, LE, snd 'W.T. deulgrad rasarch: RLLF., A0,
LPE LA, T.EL, Z5RE, FHL, DK, JME, QD ACG, ALK, &AH, LRE PL,
FAML, I AR, T.0, D50 H, ARL AL W. T, LHW. and'W.IN performe d rmearchs
AEF AN ARE LETELIIA TECLE. DAL ACS GAH, IR L, LW EP,
REGLH,W.T, LMW, and W.LW. conizi bagesd new reagenielsradc fooh: RBF., A0,
LR, LE, TEE, IR, FHL, D.LK, LWE, ALH, SN, Fa M, R TO, DLGH,
AR, AL WT, LHW, and VWS anadued ditx and RLELF., AW, LRI, mnd R
wrete ihe paper.

Tha wrihon declars na conflict of irieren.

Fraay wsiladd o o ree throsghthes FRAS op em o cpten,

b rwd atiara: YO, Younger Drpss YO, YO boundary: 6T, acrscemarinisd.
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Abrupt outflow switch from south at 12.9 ka
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«lMepexon OT NIENCTOLIEHA K rOJIOLEHY OTMEYEH CEPUEN
NPUPOAHbLIX AB/IEHUN, CTOJb 3HAYUTENBbHbIX MO OXBaTy
buocdepbl U reocdepbl, MO NPOCTPAHCTBEHHOMY
MacwTaby M CKOPOCTU U3MEHEHMWN M MO UX INOBANbHbIM
nocneacTBusAM, YTo BCHO COBOKYMHOCTb 3TUX SABJIEHUM
MOXXHO Ha3BaTb 1OC/1IE4HEN NpPpUpPogHON
KaTacTpoghou B NCTopum 3emnm»

«HoBenwmne MmaTepuanbl CBUAETENLCTBYIOT O
HeobpaTrnMocT U YHUKaJIbHOCTH
NJ1ENCTOLIEH/rOIOLEHOBOU NEPECTPONKM U KOPEHHOM
OTINYMKN ee oT bosee paHHUX NepexoaHbIX a3 oT
ONEeAEHEHUN K MEXTEAHUKOBbBIO»

(A.B.Lep, 1997)
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3aKknveHue

PeanbHble NageHUst KOCMUYECKUX Tes (KOMeT U acTepouaoB) Ha
3eMno B HegaBHEM reoyiorM4eCKoOM NPOLUSIOM NPOUCXOAUNNHK
3HauYUTEesIbHO Yalle, YeM 3TO MoAeNMpyeTcs aCTPOHOMaMU U
acTpocu3nkam n NpMBOAUNU K PE3KUM N3MEHEHUSIM KnumaTa u

YCIOBUMN XXU3HU YenoBeKa KaK Ha permoHasribHOM, Tak U Ha rmobanbLHOM
MacluTabax.

Kaxgbin Takon cnyvyam HyXXaaeTcsl B TWaTesibHOM U HenpeaB3ATOM
U3yyeHUn cneyuanuctamMmm m3 pasnmyHbIX OUCLUUNTIUH.



Facts that demand explanations

Massive boulders at the top of 35-m vertical cliff, south-east Australian coast
near Wollongong



Cnacub6o 3a BHUMaHue
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