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Chelyabinsk fireball  Feb. 15, 2013



Hundreds of pieces recovered  

~1000 kg

LL chondrite

~5 m impactor



Observed / recorded by so many 

people that orbit determined



Near Earth asteroid orbits and names



Meteorites are found all over the 

world

Bacubirito; Sinaloa, Mexico, 1863;  iron meteorite

Grosvenor Mountains;

Antarctica; 2003, chondrite



Many meteorite types - >80 bodies ?



Meteorites come from many 

inner solar system bodies

Moon

Mars

4 Vesta

asteroids



Some families and some spectral types 

are linked to meteorites

•C-group dark carbonaceous objects. 

• B-type (2 Pallas)

• F-type (704 Interamnia)

• G-type (1 Ceres)

• C-type (10 Hygiea) the remaining majority of 'standard' C-type asteroids.

•S-type (15 Eunomia, 3 Juno) silicaceous (or "stony") objects.

•X-group

• M-type (16 Psyche) metallic objects, the third most populous group.

• E-type (44 Nysa, 55 Pandora) differ from M-type mostly by high albedo

• P-type (259 Aletheia, 190 Ismene; CP: 324 Bamberga) differ from M-type mostly by low albedo

https://en.wikipedia.org/wiki/C-type_asteroid#C-group_asteroids
https://en.wikipedia.org/wiki/B-type_asteroid
https://en.wikipedia.org/wiki/2_Pallas
https://en.wikipedia.org/wiki/F-type_asteroid
https://en.wikipedia.org/wiki/704_Interamnia
https://en.wikipedia.org/wiki/G-type_asteroid
https://en.wikipedia.org/wiki/1_Ceres
https://en.wikipedia.org/wiki/C-type_asteroid
https://en.wikipedia.org/wiki/10_Hygiea
https://en.wikipedia.org/wiki/S-type_asteroid
https://en.wikipedia.org/wiki/15_Eunomia
https://en.wikipedia.org/wiki/3_Juno
https://en.wikipedia.org/wiki/X-type_asteroid
https://en.wikipedia.org/wiki/M-type_asteroid
https://en.wikipedia.org/wiki/16_Psyche
https://en.wikipedia.org/wiki/E-type_asteroid
https://en.wikipedia.org/wiki/44_Nysa
https://en.wikipedia.org/wiki/55_Pandora
https://en.wikipedia.org/wiki/P-type_asteroid
https://en.wikipedia.org/wiki/259_Aletheia
https://en.wikipedia.org/wiki/190_Ismene
https://en.wikipedia.org/wiki/324_Bamberga


What are the HED meteorites ?

howarditeeucritediogenite

There are close to 1000 HED meteorites in world collections !



Vesta/HED link and history

McCord et al. (1970)

Gaffey (1997)

Zellner et al. (1996)



Geologic map of Vesta from Dawn mission



What other bodies might we 

sample with meteorites?

Mercury

Venus

Io

Enceladus Ceres



Mars



How many martian meteorites 

are there?



Martian meteorites (SNC’s)   n = >62

Chassigny Nakhlites Shergottites

Olivine cumulate Basalts

Olivine phyric

Olivine, Opx 

phyric

basaltic

Clinopyroxene (olivine) 

cumulate



How do we know these are from Mars ?

1) Noble gas composition - Viking

2) Young ages (180 Ma, 1.3 Ga)

3) Oxygen isotopes

Bogard and Johnson (1986)

Becker and Pepin (1985)



How do we know these are from Mars ?

McSween et al. (2014)



How do we know these are from Mars ?



McSween et al. (2014)

Where are they from? 



Where are they from? 



Life on Mars?  ALH 84001

Evidence:

- Carbonates

- Magnetite chains

- PAHs

- Fossil microorganisms?



Apollo samples from the Moon

6 missions, 382 kg of samples

What did we find?

- Basalt - volcanism

- Anorthosite – ancient crust

- Breccia – mixture of two from impacts



Meteorites from the Moon 



Meteorites from the Moon

LAP 02205 – mare basalt



Mare basalts (10)

LAP02205, Y793169, A881757, NWA032*, Dho287

Feldspathic breccias (49)

Dho081*, Dho026*, NWA2200, Dho302*, Dho489, DaG400, NWA482, 

MAC88105*, Y86032*, Kalahari 008, QUE93069*, DaG262, 1153, 

Dho025*, NEA001, PCA02007, Y791197, ALH81005, Dho733, Dho490*, 

Dho925*

Mixed breccias (21)

Dho1180, Y983885, Calcalong Creek, Y793274*, SaU169, QUE94281, 

MET01210, NWA3136, EET87521*, Kalahari 009, NWA773

~67 kg compared to 382 kg of Apollo samples 

> 80 samples (accounting for pairings)

* = pairing group

Exploration of the Moon - Meteorites





Where are they from? 


