Impact Craters

Wolf Impact Crater, Australia:
Diameter 0.9 km, Age: 0.3Myr




Manicouagan, Canada: Gosses Bluff, Australia:

100km, 214Myr Earth 22km, 142.5Myr

Gwen Fada, Chad:
14km, <350Myr Aorounga, Chad: 10km, <350Myr



Space Shuttle!

Clearwater Lakes, Canada
26km, 290Myr

Ries, Germany
24km, 15SMyr




1stastin Lake, Canada:

28km, 38Myr o z"ﬂ:‘? 1%
Ramgarh, India: 5.5km, unknown

Deep Bay, Canada | .
Skm, 100 +/- 50 Myr Ouarkziz, Algena: 4km, <70Myr



Roter Kamm, Namibia:
2.5km, 3.7Myr

Wolf Creek, Australia: 850m, O.3Myr | Goat Paddock, Australia: Skm, <55Myr




Viking Image, Mars
southern hemisphere

Mars, multiple strikes: 78km x 25km



Victoria Crater from the
Mars Opportunity Rover




Current Impactor Population
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Copyright © Addison Wesley.




The Cratering
Process

Photography AcclaimImages.com Photography



Impact Frequency
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iImpactor size
(crater is about 10 times larger)
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Moon, according to a law in which the

quare of the object’s radius. (b) A random distribu-

Figure 7.17 (a) The relative number of objects that could strike the

number of objects increases in inverse proportion to the s

tion of craters made by the population of objects shown in (a).



Estimate the Power of the
Ground to stop a Meteoroid!

How much material must the meteoroid interact with to
slow by 50%?

From Physics:
Momentum = (mass) (velocity) 1s conserved.
So velocity will be halved when mass 1s doubled.

Now assume that all ground in front of the impactor 1s
plastered onto 1ts surface.

So the impactor will penetrate into the ground by roughly
its own diameter. Observed: A few diameters.



Estimate the Power of Air
to stop a Meteoroid!

Assume that all air 1n front of the impactor 1s plastered
onto 1its surface!

On Earth, air 1s 1/1000 as dense as water and 1s ~10km
thick. So the impactor will penetrate into the atmosphere
by roughly 1000 diameters. 10m should make 1t through.
(10km/1000 = 10 m)

Observed on Earth: Must be ~50-100m to hit the surface

On Mars the air 1s 1/100 times thinner than that. So the
impactor will penetrate by roughly 100000 diameters.

10cm will make it through the atmosphere (since 10km/
100000 = 10cm).



Estimate the Power of the
Ground to stop a Meteoroid!

How much material must the meteoroid interact with to
slow by 50%?

From Physics:
Momentum = (mass) (velocity) 1s conserved.
So velocity will be halved when mass 1s doubled.

Now assume that all ground in front of the impactor 1s
plastered onto 1ts surface.

So the impactor will penetrate into the ground by roughly
its own diameter. Observed: A few diameters.



Estimate the Power of Air
to stop a Meteoroid!

Assume that all air 1n front of the impactor 1s plastered
onto 1its surface!

On Earth, air 1s 1/1000 as dense as water and 1s ~10km
thick.

So the impactor will “penetrate” into the air by roughly
1000 diameters. Thus 10m will make 1t through Earth’s
atmosphere.

Observed: Must be ~50-100 m to make 1t through



Estimate the Power of Air
to stop a Meteoroid!

Assume that all air 1n front of the impactor 1s plastered
onto 1its surface!

On Mars, air 1s 1/100,000 as dense as water and 1s ~10km
thick.

On the impactor will “penetrate” into the air by roughly
100,000 diameters. Thus 10cm will make 1t through
Mars’ atmosphere.

Not Yet Observed: Scaling from Earth suggests a 1m cutoff



Different Asteroid & Meteorite Types

Source: Smithsonian Museum of Natural History http://www.mnh.si.edu/earth/text/5_1 4 0.html

Chondritic Stony lron Pallasite Achondritic Stony
Meteorite Meteorite Meteorite Meteorite

License: Wikimedia Creative Commons

Asteroid Type C  Asteroid Type M Asteroid Type S









Meteonte Features
Regmaglypts and fusion crust

Sikhote-Alin
Coarsest
Octahedrite,
Viadivostok,

UEED
2-12-1947

(photo by New England Metcoritical Services)



Meteorite Features

Widmanstatten pattemn:
Gibeon IVA _ﬁne octahedrite

Kamacite—light bands
Taenite—dark bands

(photo by New England Meteoritical Services)



Martian Meteorites
ALH84001,0 (Antarctica)

(photo from NASA Johnson Space Center)



Martian Meteorites
EETA79001,0 (Antarctica)

(photo from Lunar and Planetary Institute)



Martian Meteorites

Zagami, Nigeria




Lunar Meteorites
QUE 94281, Antarctica

Fusion crust

(From NASA photo S95-14590)



Asteroid Belt

Trojan asteroids

opyright © Addison Wesley



Asteroids

Hubble image of Ceres, the largest asteroid in the main
asteroid belt, compared with four other asteroids and Mars.
(Longest dimension for each body in parentheses.)

v o

Gaspra Eros Ida
(12 mi) (21 mi) (36 mi)

Ceres
(597 mi)

Vesta
(329 mi)

. -] ’




Asteroids

Three Main

populations
of asteroids:

1. Main Belt
2. Near-Earth
3. Trojans



Asteroids

Three Main

populations
of asteroids:

1. Main Belt
2. Near-Earth
3. Trojans
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elliptical than
planetary orbits. §

Orbits

Asteroid orbits
are much more




Near Earth Asteroids

Positions of 1997 XF11 and Inner Planets on March 12, 1998

Near—solar orbit

1997 XF""" e T Dotted portion of orbit

Is below ecliptic plane
(inclination = 4.1 deg)

Mars

Apollo asteroid

Line of Nodes

Close Approach to Earth in 2028
Z.SX Earth—Moon distance PW. Chodas (JPLCatech)



Apollos, Atens, and Amors
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Asteroids

Three Main

populations
of asteroids:

1. Main Belt
2. Near-Earth
3. Trojans



Asteroids

Hubble image of Ceres, the largest asteroid in the main
asteroid belt, compared with four other asteroids and Mars.
(Longest dimension for each body in parentheses.)
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Gaspra Eros Ida
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Ceres
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Vesta
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Same Thing Happens for
Kuiper Belt O




Orbits 1n the Kuiper Belt




omets visited by Spacecraft

- Qasis Class Cruise Ship Central Park

@ Arecibo Observatory @ siding Spring €/2013 A1

a Great Pyramid of Giza

~ International Space Station
Blue Whale

iy 25143 Itokawa

2867 Steins

Death Star (first)




omets from the Kuiper Belt

The orange track repre nts a typical KBO orbit. Pluto’s orbit is

represented by the yellc')_w..[ip.







67P/C umov—GeraSimenko




Asteroids

Three Main

populations
of asteroids:

1. Main Belt
2. Near-Earth
3. Trojans
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Asteroids

Three Main

populations
of asteroids:

1. Main Belt
2. Near-Earth
3. Trojans



In the Asteroid Belt
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It 1s much more empty than th



In the Asteroid Belt
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Asteroids visited by Spacecraft

Eros

59 kilometers [of



Mathilde

Aster()lds visited by Spacecraft




Eros




Asteroids visited by Spacecraft
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Asteroid Vesta

Observations
and Model

Elevation

-12km +12km




Ceres
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The Largest Asteroids

Vesta e Ceres

Eros

Charon



Mass of the Largest Asteroids

m Ceres

M Vesta

m Pallas

m Hygiea

m Euphrosyne
Interamnia

m Davida

m Herculina
Eunomia

mJuno
Psyche
Europa
other




Asteroids and Comets
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Ida and Dactyl




Binary (45) Eugenia @
Astero1dsEEEIEEEEEY

(22) Kalliope @

- Petit-Prince

(90) Antiope e e 500 km

NSO NGOG (762) Pulcova @

have satellites!

(107) Camilla @

(87) Sylvia @

(617) Patroclus e

1998 WW31 @ @

(distance reduced 20 times)




Asteroids: Sizes, Shapes

Orbits. and Rotation Periods
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Gaps 1n the Asteroid Belt

Main Asteroid Belt Distribution
Kirkwood Gaps
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