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Extraterrestrial samples

o Small amount ofextraterrestrial material

» Meteorites (~60 000)

» Composition of the Solar System objects

Hayabusa
: Asteroid Itokawa
» Deep Earth objects 5010
o Organic matterz signs of early life?
o Pre-solar grains, material older than the Solar System itself
Stardust commet Wild 2 (2006) Apollo & Luna  (~380 kg)

and Tempel 1 (2011)

Comet dust particles
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Meteoroid

Small rocky object in outer
space, significantly smaller
than asteroid

Meteor

,s =<y A meteor is a meteoroid that has

e N O ontered the earthegmosphere
Meteorite andbecoms brightly visible due
A meteoroid that reached to theionizedmolecules in the

surface of the Earth upperatmosphere



Introduction

Meteorite: a meteoroid that survives that flight through the atmosphere
(~ minutes) and reaches the surface of the Earth

o« Enters Earthos atmdkmfsher e at spe

lonization begins at 100 km of

o

» Fusion crust but cold surface

o Aerodinamical shape

Pad (Fall): The flight was obser
before collecting the meteorite '
(Chelyiabinsk )

Nalaz (Find):. all others
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I\/Ieteqrites

Undifferentiated|! Differentiated

Stony

Meteorite: Fall statistics

(n=1101)
Stony Iron
meteorites
Iron meteorites C"’:,‘,’g,?:f.‘i:_.’;‘ 5
Achondrites i
~9% Carbonaceous :
Chondrites
- ~4%
e Enstatite e
y | Chondrites
y ]* ~2%
Ordinary -~

Chondrites
80%

Primitive Differentiated
planetesimal planetesimal

Most studied meteorites
fell to the Earth <0.1 Ma ago




Early formation

ravitacioni kolaps

» Solar System formation was . -mdﬁ“lﬁmogﬁka ~ 1 Myr
initiated 4.56 billion years ago by » . $ 2).prgto-zvezda
collapse of the interstellar matter e , ; _

o Protoplanetar;_/ disc was formed and 3T Tauriay :
early planetesimals (> 1km) @ A
accreted ~ 2 Myt k___),

Y ~ 3 Myr

» Further accretion led to planet " 4)2vezda pred glavii niz

formation << 25

]

o Closer to the Sun: terrestrial planets
I snow line i gas planets

5) Mladi stelarni-si;t-é‘rr‘].. S gy .. ;
= ~5-10 Myr

o The asteroid belt T source of the
meteorites




Early condensates: refractory droplets

» Refractory elements condensate first (> 1600 K)
» Local flash heating
o Metals: Re, Os, Hf , W, Zr, Ir, Ru

o Trace abundancesi form small metal droplets (1mm)
Condensation Temperatures of the Elements

50% Condensation Temperature (K)
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Early condensates: refractory inclusions

o Furter on Ca, Al, Ti condensate 1 forming Ca-Al inclusions (CAl)

o High-T oxides (ceramics!): 1600 K

o The oldest dated material in the SS: 4567 & 2) million years -first
solids in cooling protoplanetary disc

o Refractory droplets found within CAls
Condensation Temperatures of the Elements
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Early condensates: [ &

chondrules

o Metals condensate: Fe, Mg and Si
o first silicate minerals

Olivine (Fe,MQ)2SiOa
Piroxene (Mg,Fe)2Si20s

o Chondrules: small (0.1-5 mm)
silicate droplets that mostly
contain olivine and pyroxene

o First miny -rocks!
Formed 17 4 Myr after CAls

Other components. Casilicates, Fe-
Ni met al é
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Inner disk /vv\ | Outer disk

HD 142827 4

| -

0 12 Apm

(from Mayer, Quinn, Wadsley & Stadel, 2002)

Olivin Olivin i piroksen



Chondrules : 1st silicate rocks

Hondrula pod nﬁkroskopom
i t o \“



http://www.geokem.com/images/scans/Met-Chondrite-1.jpg

Undifferenciated meteorites: Chondrites
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Log Abundance, Cl Chondrites

Asteroid type C

o The oldest meteorites in the SS
o Their bulk composition reflects the composition of the Sun
. Often used as reference material



North West Africa

Dhofar _ (Ordinary L)
(Ordinary Chondrite H)

(Petnil kéa
kolekcija £ o

North West Africa
. (CO)




Planete5|mal accretlon

Dif ferentlatlon

Planetesimal accretion due to chaotic impactsT mass and size
gorwth (up to 500 km in diameter)

That leads to internal temperature increase

26Al and other short-lived radioactive isotopes produce heat ( e.qg.
daughter-isotope 2°Mg)

Other sources of heat: impacts, collisions, gravitation & further
accretion

Melting of Fe-Ni (~ 1200K) and silicates (~1300K)
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Formation of the protoplanets

Silicate and metal
liguids/melts are incompatible

| causing separation and

differentiation

Metallic (Fe-Ni) melts are
denser and sink to form a core

Silicate melts (olivine,
piroxene) melts migrate to the
surface

Iron-nickel metal
sinks into core

Less dense
rock rises




Differentiated meteorites

-

» Late Heavy
Bombardment period
2 3.9 to 4.0 8den youn 450

Fadery §f o

7% g
' s QJ' ¥
Differentiated \
planetesimal

Cromt

Tocrites

Asteroid type S

. Differentiated meteorites do not contain chondrules
o Only a minor (8%) group of total number of meteorites
» Mostly younger than chondrites



Differentiated meteorites: core and mantle

y  Core and mantle of once existing protoplanets

s Core samples of destroyedprotoplanets = Iron meteorites
s Mantle: contact of core and deep mantle

s Incompatible melts of metal and silicate:

y Pallasite (metal and olivine)

s Mesosiderite (rich in silicates)

Meteorite origins

T_.» 8 53 J 1, >‘ . 5 .,
Primitive Differentiated
planetesimal planetesimal

Crust E Xt " ke

- BN el e e PR
Gibeon, oktaedrit, 1
Widmanstatten -Pattern 1003 kg

:836J Palasit Fukang, China, 2000



Differentiated meteorites: crust
o Achondrites :Met eorites sampling astero
HED ( 4 Vesta ) Hovardite ; Eucrite; Diogenite

o Originate from the surface of differentiated bodies 1 rich in silicates,
depleted in metals

o Very similar to terrestrial basalts: volcanic textures

© 2005 T. E. Bunch
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. Textural similarity of the basaltic eucrite Stannern (left;
Asteroid 4 Vesta pyroxenes white to gray; pyroxene, brown to buff)

(asteroid belt, 530 km diameter) compared with a terrestrial basalt (right; same with
highly colored olivine grains).




Differentiated meteorites: crust

o Lunar & Martian meteorites

o Lunar (138 meteorites, 222 kg): blasted of <20 Ma ago, but
mostly few hundred thousand, small craters

» Many originate far from PKT (low Th)

o Martian (124): wide range of crystallization ages, launched In
last 20 Ma

o Noble gasses composition(Ar) confirmation of Mars atmosphere
Shergottite , Naklithe i Chassignite different groups
o EXoMars possible sample return 2030
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stishovite Shocked quartz
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Collecting meteorites systematically
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‘ o Until 1978 only about 3000 meteorites around the
world

4 o Antarctic, Sahara, Botswana missions

" « Micrometeorites collected in snow ice and deep sea
. sediments



It was the year 19609...

o
Tucson JElPaso

o
Sheraton Chihuahua @80 ,aiity 1nn Chihuahua San Antonio
Soberano

Exklusives Hotel, 2. San Francisco

o
Monterrey

Mexiko

Fireball Feb 8th 1969, Pueblito de
Allende

2 tonns of meteorit e (largest piece
110kg, covering 50km area

Served as laboratory preparation for
Apollo missions (Apollo 11 july 1969)

Best studied meteorite CAls & organic
matter




Lunar samples
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Sample return

A Luna sample return: Luna 16, 20 and 24 collected 0.3 kg of lunar soil

A Apollo sample return: Six Apollo missions~382 kg ofrocks and soil

o Do Do Do Do Do
I
N
~
(@)
=
(@)
2!
<
=5
D
(@)
o,
QD
N

Apollo 17§ 111 kg (highland samples and breccia)

Apollo 17 a geologist on board; focused selection of the acquired samples



