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ASTEROID TYPES

* Most are dark (albedo A = 0.03 t0.0.0 {

® S-type (17%) stony ff

~- Brighter since carbbn

- Hard to confirm these, shi'n!,p7 sufiace i
metallic surface e

ASTEROID TYPES

The dark and primitive asteroids (7 :

-neutral black in‘ color'? .' -:"
* P-type: redd1sh~broyvr| in @'
* D-type: more strpn‘glfrﬁ sh

color \ :
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* meteorites ﬂom primitive « ¢ =« »
asteroids are called " »
chondrites... 4

e because ma‘hy ofthem . ~ =
have chondrules very old « . > 3

unks of formerly mﬁlten :
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Frozen water is stable
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Cratering of terrestrial planets
(meteorites)

MARTIAN METEORITES
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METEORITES

¢ meteoroid -- a rock
or dust grain in
space

* meteor -- object
entering the

¢ meteorite -- surviving
debris that reaches
the ground

(micrometeorites are
very small versions)
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COMET DUST .
-

¢ breakup began
in 1995

® image shows
comet dust in

: infrared

- (thermal

emission)

Comet 73P/Schwassmann-Wachmann 3
NASA / JPL-Caltech / W. Reach (SSC/Caltech)

Spitzer Space Telescope * MIPS
ssc2006-13a
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ROMETEORITES

.
%

over time, micrometeorite
impacts produce a dusty
soil called the REGOLITH
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ABLATION

e h
eate(,i Galileo Probe Heat Shield Ablation:
material The Most Difficult Atmospheric Entry in the Solar System
falls off the BEFORE ENTRY AFTER ENTRY
impactor V4 il
6"7
e concept %
used in —  —isbem e
heat shields
for
atmospheric T2 70 kitograms
entry probes Total initial mass of Probe: Ll il
335 kilograms Ablation temparatura = 3900° C
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ACCEPTANCE OF IMPACT
CRATERING

e craters on e example: Meteor
Earth/Moon (Barringer) Crater
originally thought - iron meteorite
to be volcanic fragments found

e work in 1950s/60s neany

- ejecta stratigraphy is

(including work by
Gene Shoemaker)
changed this
thinking

different (ejecta flap)

- “shocked” rocks found
below crater
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SIZE OF IMPACTOR

® microscopic dust:
floats down through
the atmosphere

® 10 m or less: loses
mass through
ABLATION and slows
to FREE-FALL
VELOCITY of < 1
km/sec. may form a
small crater

¢ 10 m or more:
hypervelocity impact
- energy release
similar to explosion
- shock compression
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CRATER FORMATION
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CRATER TYPES

¢ depends on impact e complex craters o ¢ formed by
energy, target - central peak from rebounding
gravity, and rebound material
strength of target - “terraces” from l
material slumping

o simple craters: bowl ® Multi-ring basins
shaped - largest of all '
< 2-4 km on Earth - asthenospheric : $
< 10-20 km on Moon motons o

lithospheric fractures
< 7 km on Mercury
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KNOWN IMPJ:ECT CRAT]ERS2

THE WORLD'S LARGEST IMPACT CRATERS - TOP 10

Recognized Impact
Structures on Earth
(year 2000)

00

o i
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= USGS
N CHESAPEAKE

The Effects of the Chesapeake Bay Impact Crater on the
Geologic Framework and the Correlation of Hydrogeologic
Units of Southeastern Virginia, South of the James River

e 90-km crater
¢ ~40 million

years ago by ¥ b4
B : S Sawy © i ]® in Quebec
L) viserve | SR R S 70mcter
Ocean ater ER x B ‘. Mgt F iile 200 mi[“o“
3 RA Yy o years ago
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IMPACTS AND
ATMOSPHERES

(Lunar Prospector) %ﬂ"'ﬁﬁ‘“» 4

= ; ¢ atmospheres can shield the
surface from small impactors
7 e watery comets may have
> brought some of the Earth’s
3 water to the planet
e very large impacts can remove
a big fraction of planetary
. ) _ atmospheres via ATMOSPHERIC
i;i \ i 2 LN :1 NP EROSION
i : “"':-; "".l"::_._: DA | 64812008-07-31 26
el ?u-a'/m'::m.*
LUNAR SOU JPOT IMPACTS and
il T A STRATIGRAPHY
by '%}"‘ "ai‘, ﬁ\.,
Soutl Pafé 8 en‘ﬁmﬁ B
ol g*fi'#( — 2% e stratigraphy: the
,: __ i ‘ y Y stu:ylaof chronological Cretaceous-Tertiary mass
TIRRIY, i Tock Wyers extinction was originally
')\ 1i'!.!:@k$ W 3 “.'E e older layers are buried linked to an impact by a
Sceldetectall by 3 v ¥\ 3 WA g z under newer layers layer of iridium
radar (Clemenhﬁg} BEN U * fossils can help with e jridium more common in
and by indirect 3~ _,,.1‘3-;';:'5. SR R dating meteorites than in the
hydrogen detection . o T L e example: Grand Canyon Earth’s crust
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COMPOSITION:EARTH vs MOON |CRATERS AND EXTINCTIONS

CI chondrite Moon Ratio of trace element
(primitive meteorite) (crust +mantle)  (crust+ mantle) abundance Moon/Earth

Volatile? elements

) 545 180 8 046
Rb (ppm) 232 0.55 028 0.51
Cs (ppb) 279 18 12 067
Moderately volatile
Mn (ppm) 1500 T 1000 1200 1.20
Refractory elements
Cr (ppm) 3975 3000 4200 1.40
Th (ppb) 30 80 112 1.40
Eu (ppb) 87 131 210 1.60
La (ppb) 367 551 900 163
Sr (ppm) 726 178 30 1.69
U (ppb) 12 18 33 1.83
Siderophile® elements
Ni (ppm) 16500 2000 400 0.200
Mo (ppb) 1380 59 1.4 0.024
Ir (ppb) 710 3 0.01 0.003
Ge (ppb) 48000 1200 35 0.003

. e - 64812008-07-31 29
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CHICXULUB
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ago

modeling of
gravity data
shown

65 million years
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Equivalent size of bomb 10 1 100 10,000 1,000,000
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Approximate Initial > .
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Every hour 10
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Once in Earth's ; s I}
history H I
1 I : 1 1 1 100
(10m) (100 m) 1km 10 km 100 km 1000 km
Crater diameter on Earth or Moon
——
Effects = Meteoroid breaks up Devastates Wipes out global Wipes out
in Earlh's almosphere, continent- agriculture, mosl
and may makea no crater scale region disrupls species
during a terrestrial impact civilization

er year

Monthly
Every year
Every decade

Once a century

Once a millennium

Every ten
thousand yr

Every 100
thousands yr

Approximate frequency of impacts

Every million yr

Every 10 million yr

“Annual event”~20 kilotons

“1000 year event”

| Tunguska ~50 megatons
| Extinction
of the
B dinosaurs
Global
= catastrophe
threshold i
| | | | | | | 1
1/100 1 100 10,000 1 100

million million
Megatons TNT equivalent energy
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CRATER DENSITY REVEALS

AGE

¢ more craters means the
surface has been around
for longer

o crater-free surfaces are
the youngest surfaces in
the Solar System

¢ the process of
determining the relative
ages of surface features is
called STRATIGRAPHY
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COUNTING CRATERS

¢ crater densities ¢ small craters are more
represented as common, large craters
craters per km? are more rare, which
* “size-frequency tells you about the

distributions” show  impactor size distribution
the same thing but e gravitational focusing,

as a function of atmospheres, and
crater size surface age affect size-
frequency distributions

COUNTING CRATERS
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CRATER DENSITY REVEALS
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COPERNICUS

e 93-km crater

Caloris basin
1400-km crater

Mariner 10 image
(1973)

Messenger mission
will fly by Mercury
Jan. 2008 and
return to Mercury in
2011




MERCURY

¢ composition shown
in different colors
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JUMBLED TERRAIN

Caloris
impact

terrain
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MERCURY
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® pair of 40-
km craters
on Mercury

¢ rays of
cratering
ejecta
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® 4000-km diameter crater

¢ Galileo orbiter image
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CALLISTO CRATER CHAIN GANYMEDE
o Galileo NG

orbiter * Galileo

image ?rblter
image
64812008-07-31 53 e LR P Py ‘ A Y IR 64812008-07-31 54

COMET SHOEMAKER-LEVY/Q iy %

. - "‘ : - - - b ’ q
47 : Bl AR “ . 5
oy e ,MedusafFossae isa
crater with LOBATE
e EJECTA
AL - called rampart

crater in textbook

o) 23 March, 1653 ¢ Mars Express
i 41, o caused by
; ot ¥ permafrost melting
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10 km

MEDUSA FOSSAE AGAIN
<N : -y :

X

\

e Ganymede crater

e weak/soft lithosphere,
perhaps due to
subsurface liquid

¢ also happens on Venus:
lithosphere is soft
because of high
temperature
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Number of asteroids or comets hitting the Moon

¢ linked to
giant
[ EL T
migration?

Oldest fossils on Earth

4

3900 3500 0
Time before present (millions of years)

{Courtesy of B. A. Cohen) G481 2008-07-31 59




3 Types of Meteorites

3 Typ

= Stony
= Comprise ~90% of known meteorites.

= |ron
= Comprise ~8% of known meteorites

= Stony-Iron
= Comprise ~2% of known meteorites.

= DN

gt i b

<2

= Stony
= Comprist .

* |ron P g A
= Compricc CUATNEA L 2

= Stony-lron ¥
= Comprise ~2\1 ‘

9 o N -
N

’,



Carbonaceous_Chondrites:

the most pnmlhve\mae ites.

= Some have hever expenenced heat above:

.‘L ' e'aﬂd comple}

ecq_es-afe Med

S g‘-- - j ; “'k‘h."

"% muﬁﬂdmon to water several types% fcar

e med in the outer outer solar system. __-:.f ~

s g. over 70 extraterrestrial amino aC|d_ and
other: compounds including.carboxylic: amds,g, M
't dl‘oxy,carboxyhc acids, sulphonic and: ;
wp hospho‘mc acids; aliphatic, aromatic and

polarhyd?'ocarbons fullerenes, heterocycles,,
o8 carboqyl-compounds alcohols, amines’and 2
'amides iave been found in a single ,c‘grboﬁace

1amed Murchison, whlcgﬁas seen to fall

ok 1969 __‘-'.-‘:.: ‘. ’1: g s 40
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. 2 J -
eeds is so gréatithat
‘meteorite vaporize

BUTAs off so quickly that
never penetrates more than

.







