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M eta ‘ | IC I\/I eteo rltes The Muonionalusta meteorite

Found in Sweden, 1906
4.57 billion years old

What are they?

How did they form?

What is that microstructure?

Why are they significant?




Formation of metallic meteorites

Asteroids that grew so large (on their way to
becoming planets) their interiors melted under
the extreme pressure

Metals, such as iron and nickel, sunk to the
middle because they are denser than the rocky
crust

The asteroids get smashed up and fragments
collide with Earth

~60,000 meteorites have been found so far
~3,000 are metallic

Different Asteroid & Meteorite Types

Source: Smithsonian Museum of Natural History http://www.mnh.si.edu/earth/text/5_1_4_0.html
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License: Wikimedia Creative Commons
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Composition & Phases

0 T T T T T T T

Predominantly iron and nickel

Nickel: 3-35%, but vast majority are 5-10%

-‘..—
A NE = - l__

Temperature [°C]
o))
o
o
I

Small amounts of cobalt, copper (<1%) 400 — |

Trace sulfur, phosphorus, carbon (<0.01%) — T T

0 10 20 30 40
Ni=(Ni/(Fe+Ni)) [Mass-%]

Geologist Name Nickel (mass %) Crystal Structure Metallurgist Name

Kamacite

Taenite

0-8% Ferrite (o)

20-65%

FCC

Austenite (y)



Microstructure

Widmanstatten pattern

Ferrite nucleates within the prior
austenite grains

Cooling rate: ~1K / million years

EBF3 Ti-6Al-4V

74 NV o
% HV det mode HFW WD
» 20.00 kV 1.6 nA ETD SE 159 pm 6.2 mm Helios



Meteorite Artifacts

Meteorites were the only source of iron before
the Iron Age (1200-600 BC)

King Tut’s dagger (Egypt, 1350 BC)

Harpoon: narwhal tusk w/ meteorite head
(Inuit, 1100 AD)

Spears/axes (Shang Dynasty China, 1400 BC)
Axe (Syria, 1400 BC)
Beads (Egypt, 3200 BC)




Meteorites in the Modern Day

VERY RARE METEORITE ROCK 1.4 POUNDS

Planetary Research

Condition: Used

“this meteorite rock holds magnets, check pho:‘os”

Museums
Price: US $4,499.99

$195 for 24 months with

Best Offer:
Make Offer

( © Add to Watchlist )

Buy It Now

Collectors

Hover to zoom

e g

o | e e a Ships from United States 81 watchers

Shipping: $11.99 Standard Shipping | see details
% Haveonetosell? Sell now Located in: Carson, California, United States

Smithsonian National Museum of Natural History, Washington DC



Meteorites in the Modern Day

Rolls Royce Phantom “Tranquility” Edition
Only 25 made
S2+ million

Muonionalusta meteorite



Sam’s Method to Counterfeit a Meteorite ¢ypotheticaly)

1) Create ingot of correct composition
2) Model meteorite in wax

3) Cast meteorite using lost wax
process

4) Nickel plate

5) Heat treat to form microstructure
6) Strip nickel plate

7) Extended salt fog corrosion

8) Travel somewhere remote

9) “Discover” meteorite
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