Astronomy 150:

Killer Skies

This Class (Lecture 7): Next Class:
Dino-Killers Jupiter in Peril

Music: It’s the End of the World As We Know It- REM

Outline

* Meteorites and the Earth
* Meteorites and you.
* 65 million years ago came death from above!

—

—

e

There are about 200 large, well-preserved impact craters
worldwide...BUT...>>200 impact events during Earth’s
history

3 This map shows both SURFACE
A and SUB-SURFACE examples




; 3
More of Earth Manicouagan Crater ) |
Manicouagan | . i v * A spectacular example of a
Crater in Quebec, COI_HI_’ICX crater
Canada — * Original rim removed by
erosion...current diameter is
100 km wide

100 km

* Has an uplifted central core
and outer rings, which are
filled by a lake

» Itsage - 210 Ma - coincides
approximately with a large
extinction at the end of the
Triassic period

http://www.unb.ca/passt i i htm
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And more...

-

Earth’s Craters

* Clearwater Lakes
in Quebec,
Canada — 26 km
wide (290 million
years ago) from a
double impact!

* Submerged
central peal in
smaller lake.

Aorounga, Chad, Africa




Earth’s Craters Interesting Questions

* In general, the reasons there are so few craters on Why are we not avoiding craters all the time?
Earth’s surface are:
— The heat of atmospheric friction, often a) Meteorites are just very uncommon on Earth.
vaporizes the .smallest .meteor01ds b) They are only caused by micrometeorites.
— Many meteorites land in water c) We are protected from all meteorites by the
— Water erosion wears away craters atmosphere.
- Plate tectoniCS/V()lcanism €rasc Some d) Earth’s Weather removes craters qulckly
* But meteorite impacts do play a role in the history
of Earth

Impact Calculator Death from Above?

There has not been any evidence of anyone being killed by a
meteorite. (Although there are stories...)

But, there is evidence of people being hit!



Ann Elizabeth Hodges
(1923-1972)

Nov 30", 1954 2:46 pm, Ann was
dozing on the couch, when a
meteorite (8.5 1bs) crashed through _
the roof, bounced off a radio, and hit - #

her on the side! E\ 'f'

* This June, young German boy
claims to have been hit by
meteorite.

o "At first [ just saw a large ball of
light, and then I suddenly felt a
pain in my hand. Then a split
second after that there was an
enormous bang like a crash of
thunder.”

* Supposedly left a 30 cm crater in
pavement!

* What do you think?

Mbale meteorite (Uganda, 1992)

Meteorite broke into many pieces,
a small one of which (3 g) hita
tree, then a young boy in the head.

Interesting Question

Why is it difficult to establish any human deaths
from meteorites?

a) Reality TV didn’t become popular until recently.

b) Hard to establish facts of death in historic cases,
so not reliable.

¢) When they’re dead, they don’t respond to well to
worded questions.

d) Itis very unlikely to ever happen.
e) Bring out your dead cart is very hush-hush.



Death from Above? What Killed the Dinosaurs? I

* 65 million years ago,
75-95% of all the
species on Earth
disappeared

* So far no verifiable human deaths from above..
(two animal cases: a dogin 1911 and a horse in 1896)

So Death from above is rare.... + 2nd largest known mass

* Orisit? extinction in geological
history
* We do have evidence of significant life being killed » Was a meteoroid
from above... collision to blame?

The real reason dinosaurs became extinct

Did an impact kill the
dinosaurs?

Extinction Events -- how many are due to impacts?
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Iridium: Evidence of an Impact

BT ]

* Iridium is an element o < A A
that is very rare in Earth | i
rocks, but is often found
in meteorites! =

* In 1980, Luis and Walter & 3
Alvarez found a j
worldwide layer of
iridium, laid down 65
million years ago, presumably by a meteorite impact.

* Dinosaur fossils all lie below this layer. There are no
such fossils above this layer.

—

Other meteorite evidence

Shocked quartz under the

* Spherules...these :
miCroscope

represent melt
droplets dispersed
globally from the
impact

* Shocked quartz...this
requires high
pressures

Cretaceous-Tertiary (KT) Boundary

e .

Thin layer
¥ containing the rare
i clement iridium

. .

Dinosaur fossils in

: | lower rock layers

%

Copyright © 1996 David Farley, d-farley@tezcat.com

http://sunsite.unc.edu/Dave/drfun.html

CRETACEOLIS NEWS AT 10

“Today's asteroid encounter was a near miss, but some scientists warn that an actual impact
could have serious long-term effects on life on Earth as we now know it."

This cartoon is made available on the Internet for personal viewing only.

Opinions expressed herein are solely those of the author.

11 April 96



Consequences of an Impact

A 10-km meteorite
hitting Earth would send
large amounts of debris
into the atmosphere.

Debris would reduce the
amount of sunlight
reaching Earth’s surface.

The resulting climate
change may have caused
mass extinction.

Affected bigger creatures
more than smaller ones.

Likely Impact Site

Geologists
recently found the
remains of a large
crater in México.

65 million years
old!

Yucatan

Quintana
Roo

20 km
—

+ Okay, so caused
by the impact of
a large object
with the Earth
65 million
years ago

* But where?

Yucatan

Hmm...

=D

But note that the crater itself
has pretty much completely
eroded away.



Bad Day!

¥

During the Cretaceous the northern part of the Yucatan was covered by a shallow sea.
At the time of impact, tsunamis would have radiated across the Gulf of Mexico basin,
reaching heights of 50 to 100 m as they approached the coast of what is today Chiapas,
Tamaulipas, Nuevo Leon, Texas, Louisiana, and Alabama.

http://www.Ipl.arizona.cdu/SIC/impact_cratering/Chicxulub/Regional_Effects.html

http://impact.arc.nasa.gov/gallery/ac92-0249.jpg
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This is a very profound statement for
humanity’s existence.

w‘.

Suppose there had been no major
impact in the last 65 million years.
What might Earth be like today?

w‘.

This is a very profound statement for
humanity’s existence.




Massive Impacts = Extinctions? I Effects upon children

Asteroids and comets have hit
the Earth.

A major impact is only a matter
of time: not IF but WHEN.

Major impacts are very rare: For
an extinction level event, you
have to wait millions of years.

But! For an event that causes S \,
major damage, you have to wait ARMACEDDON
Only roughly tens to hundreds Of FOR LOVE. FOR HONOR. FOR MANKIND, ZX2

ycears. “Poor Zachary. A meteorite squashed his swing set.”

N\

' Meteorite imy
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Eye Witness

1 suddenly saw the sky split in two and fire appeared high and wide
over the forest. The split in the sky grew larger, and the entire
northern side was covered with fire. At that moment, I became so
hot that I couldn't bear it, as if my shirt was on fire; from the
northern side, where the fire was, came strong heat. I wanted to
tear off my shirt and throw it down, but then the sky shut closed,
and a strong thump sounded, and I was thrown a few yards. I lost
my senses _for a moment, but then my wife ran out and led me to the
house. After that such noise came, as if rocks were falling or
cannons were firing, the earth shook, and when I was on the
ground, I pressed my head down, fearing rocks would smash it.
When the sky opened up, hot wind raced between the houses, like
from cannons, which left traces in the ground like pathways, and it
damaged some crops. Later we saw that many windows were
shattered, and in the barn a part of the iron lock snapped.

http://en.wikipedia.org/wiki/Tunguska_event

What happened?

The object’s entry
appeared to be at an
angle of 30-35°

Tree blowdown from the explosions;
Note parallel alignment of the trees

The object shattered
in a series of
explosions at about
8 km altitude

* In the central

Theories?

“Perhaps the earliest widely-held theory for the
Tunguska explosion was that the world was about to end.
As the minutes passed, this theory was dropped in favor
of other, less final theories, until today one is hard-
pressed to find anyone who truly believes the world
ended on the morning of June 30, 1908..”

http://en.wikipedia.org/wiki/Tunguska_event

Big fires

region, forests
flashed to fires
that burned for
weeks

A herd of 600-700
reindeer was
incinerated




Tunguska, Siberia, June 30,
1908

,‘ Black and white
photos taken during
field expedition in

. 1927; color photo
taken in 1990

Aligned trees

* Trees were felled
in a radial sense

 About 2,000 km?
were flattened by
the blasts

What happened? Lake Cheko

* Qur best scientific

) » Recently, a team has Loke Chokh
Felled trees aligned parallel to each d th f
guess is that it was part  other suggested that a fragment RUSSIA

of a comet 20-60 » from the event did impact 8

Epicentre 5 - 10km___->§(:
meters in diameter. .. km away. shove ground 5\
* They argue that it made [rajectory ofhe osmic body

Lake Cheko (elongated in

* ...Nno crater was . .
correct direction).

found... )
* It has a strange conical

shaped bottom with dense
object at the bottom
(investigated this year).

* ...and no meteoritic
debris has been found




Tunguska, Siberia: June 30, 1908 The energy of the explosion was equivalent to 1,000 Hiroshimas
A ~40 meter object disintegrated and exploded in the atmosphere

Area of devastation superimposed on a map of Rome.
Yellow=charred trees; Green=felled trees

* Devastation!

* Over a city, it
could kill millions.

CPambuci
P*od. Fortuna

S.Gregdpo

s Shoh, | Sub

. Vito
Komano

Several hundred square miles of forest were destroyed. S
What if this had happened over a city? o 5 1w 1




A Global View

Soot from fires circled the
globe, producing spectacular
sunrises and sunsets for months
afterward

The Tunguska event was the
largest known comet/asteroid
event in the history of
civilization

If something like Tunguska happens every ~100 years, how come
we haven’t heard about it? Why haven’t more people been killed
by asteroid impacts in the past?

* Before the 20th Century, human population was much lower, so
likelihood of someone being affected is lower.
* If someone did see a Tunguska, less likelihood of word getting

We expect such events eve
P Yy around -- news didn’t disperse as easily back then.

100 years or so! hitp://visionoftheworld.com/ wsn/paged.html

1 hour -
. . Frequency of
Killer Asteroids 1 ay |-
Impacts
o o atmospheric explosion
] ™
. Q or small crater
* Small asteroids are often E
1t > S 100yearsf= = ==~
hitting the Earth’s o o i I tsunamis, widespread
atmosphere. 2 1,000 = I devastation, climate
.. years 2R
* Commonly giving off around o : ikl
10 kilotons of energy. £ 1milion|- |
i 5 years I mass
* But how often are Killer 9 I extinction
Asteroids (~ 0.5 km in 2 100 million |- I
diameter) expected? Asteroid 2004 FH. 30 meters in years I'Why haven’t we heard
diameter. About 1 Megaton of once in b ! more about these?
TNT energy in an Earth impact! Earth's !
Passed within 7 Earth radii of Eistory 1 1 ' 1 1 1 1
Earth. Hiroshima was 15 im 10m 100 m 1 km 10km 100 km
kilotons.

impactor size
(crater is about 10 times larger)

http://antwrp.gsfc.nasa.gov/apod/ap040322.html



Well there are many known
impact craters -- but the
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Probabilities of a collision

1 hour |-
1 dayr .
* Small impacts
% ” atmospheric explosion
& tyearf AiOcinerdc e h_appen several
= times a year -- but
c 100 years -
] %e m‘ tsunamis, widespread our atmosphere
2 1,000 devastation, climate
8 years change proteCtS us.
E 1 million |- \\
g = exneion  ® Impacts large
100 milli b
S enough to cause
once in - mass extinctions
e | i i . : are many millions

im 10m 100m 1 km 10km 100 km

of years apart.
impactor size
(crater is about 10 times larger)

Sizes and Impact Frequencies

i

:\lerer:;r shower
Smallest, most
frequent J§

Huge, extremely
rare

-

2
. Z
K-T mass extinctor, 65 4

Myr ago

SL9 hits
Jupiter
1994

Natural Catastrophes .

* Common?
— 5-10 m object hits Earth every ~1 years.

— 50 m object hits Earth every ~1,000 years
(Tunguska+).

— 1km object hits Earth every ~500,000 years.
— 5km object hits Earth every ~10 million years.

—>10 km object hits Earth ... last one was 65
million years ago
» Not a clock, just random events

Other Probabilities -

Zebrowski

«
OO\\@
W

Some scientists suggest ’

that, on average, \gefii“‘\fwi‘oo*x\ve‘igwiigﬁ“efé\
collisions of 1 km- okt LT T TTITT
diameter objects occur okl
every 250,000 years

=

100 M

10 M-

Diameter of object

1M

01 M|

1 1 1 1 1 1 1 1
1 10 10* 10° 10° 10" 102 10 10
Average time between events, seconds

From Zebrowski (1997)
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Probabilities - Courtillot Zebrowski vs. Courtillot

Is the previous estimate

too hi h? @ @ Shooting stars .

8 The differences we see on the two
Other scientist suggests it~ & graphs give you some idea of the
is about 1 Ma between ﬁ N it uncertainties involved
events. ‘

Would that make you feel 2 | e o r\.
safer? e Nlomptoomionsegs | \ |

pm lem 1m 1
Object diameter

Nature of the event

* Impact cratering is an important process in the
history of Earth and other planets

» Have we ever seen such a large impact?

In 1994, Comet Shoemaker-Levy 9 (5km!) --
already broken up into fragments -- collided
with Jupiter.

Each fragment impacted, reminding us that
catastrophic collisions can and do happen.




3
The sequence of events

e The collision of the comet

with Jupiter occurred over

several days, 16-22 July _

1994 =

* It was the first collision of
two solar system bodies ever
observed

* At least 20 fragments hit s gt
Jupiter at speeds of 60 km/
second

Stop Giggling?

Sizes of fragments

* The largest fragments
were about 2 km in
diameter

* Huge plumes thousands
of km high were
generated

» Comparisons can be
made with the
Cretaceous-Tertiary
(KT) extinction event—
Dino Killer

http://www.as.utexas.edu/mecdonald/comet/jul21.gif




