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	Is it really a Moon Rock?
· After the recent news that a fake moon rock was found in a museum in the Netherlands (see article at left), museums all over the world have been worried that their own moon rocks might be fake.
· Many museums have been taking their moon rocks off display, and sending them to NASA with the request that NASA scientists verify if their moon rocks are real or not.

· You are a NASA geologist on a research team that specializes in both Lunar and Earth geology. 
· Your research team has been assigned one of the many recently-arrived museum moon rocks to analyze and verify.

· Make use of the Lunar Geology Facts below, as well as your knowledge of rocks and minerals on Earth, to analyze the moon rock you have been assigned, and then prepare a presentation for your bosses at NASA.



Useful Lunar Geology Facts

· The moon has gone through long periods of intense meteor bombardment, when so many meteors were hitting it that cracks opened up in the surface, and lava flowed out and covered many parts of the moon’s surface before cooling.

· The moon has never had any kind of plate tectonics or volcanoes like we have on Earth. (On Earth volcanoes and plate tectonics provide environments of great heat and/or pressure.)
· There is no atmosphere or liquid water on the moon. (Wind and/or water are necessary on Earth for erosion and sediment transport to occur.)

· The moon has very weak gravity – gravity is needed for sediments to settle and to compact into rock.

· Meteorite impacts on the moon can create “impact breccias” – where rocks are broken up and fused back together by the force of the meteorite impact.

· The mineral quartz has never been found in any lunar rock samples.
· The mineral mica has never been found in any lunar rock samples.
· 98% of all lunar rock is made of just 4 minerals: plagioclase feldspar, pyroxene, olivine, and ilmenite (FeTiO3).
· Some lunar rocks contain iron (in olivine or pyroxene), but there is no free oxygen on the moon. This prevents the formation of magnetic iron-rich minerals such as hematite (Fe2O3) or magnetite (Fe3O4).
The news article and the Lunar Geology Facts in this activity are real and correct.  Activity developed by C Young and J Morreale 

NASA Moon Rock Analysis Report
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Museum's moon rock is a fake

A "moon rock" that has been featured in a promi-
nent Dutch museum since 1988 is nothing more
than a hunk of petrified wood, officials say.

It's not clear how the rock got switched -- or if it
was ever real in the first place. The news is a huge
surprise, given that the rock's origins had seemed
straightforward and scandal-free.

Apollo 11 astronauts Neil Armstrong, Michael
Collins and Edwin "Buzz" Aldrin first gave the
rock to U.S. Ambassador J. William Middendorf, the
Telegraph reports. Middendorf then gave the rock
to Dutch Prime Minister Wilem Drees.

The Rijksmuseum received the rock after Drees'
death. The museum had valued (and insured) it for
308,000 pounds, or about $502,000.

Geologists from Amesterdam's Free University
helped expose the hoax by identifying the rock as a
fake. The U.S. Embassy is investigating.




Team Members: ___________________________________________
1. After observing your sample:

· Identify your sample as either igneous, sedimentary, metamorphic, or a mineral from a larger rock

· Cite your evidence/reasoning for your choice; include descriptions of characteristics that you observed in the sample that support your choice

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2. Briefly describe lunar rocks (classification, formation, rock names)
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

3. Could your rock be a moon rock?

a) If no, must give reasons why not (based on lunar geology facts)

b) If yes, must give reasons why (based on lunar geology facts), AND must suggest further tests that could help confirm or deny
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

4. Prepare your presentation. Your presentation will be made to the class and must contain:

a) Your rock/mineral (on display)
b) Your description of the rock/mineral
c) The type of rock/mineral and your explanation/reasoning for your choice
d) Your response to the question: Is this a moon rock? and your reasoning/explanation for your choice

e) If yes, tell what further tests might be done to confirm or deny
**ALL TEAM MEMBERS MUST SPEAK DURING THE PRESENTATION

Cheat Sheet: Rock Types & Formation        Cheat Sheet: Rock Types & Formation
	Sedimentary Rocks:

· form from large and small pieces of other rocks (sand, silt, pebbles, etc.) that are deposited and compacted into rock

· can be described as “rock within a rock”
· sediments are carried and deposited by wind and water
· sediments are deposited in layers and often display this layering in the resulting rock

· sedimentary rocks often contain clues or traces of their watery origins, like fossils, ripple marks, or mud cracks
· some common sedimentary rocks are sandstone, shale, and conglomerate
Metamorphic Rocks:

· form when any type of rock undergoes lots of heat and pressure
· on Earth, lots of heat and pressure can be caused deep in the Earth by plate tectonics, by intrusion of nearby magma, or by extrusion of lava

· some common metamorphic rocks are gneiss (shows dark and light banding, or foliation) and schist (usually contains lots of mica and garnet)

Igneous Rocks:

· form from molten rock (magma or lava)

· can be intrusive (cooled under the Earth’s surface) or extrusive (cooled above the Earth’s surface)

· igneous rocks contain inter-grown crystals of various minerals – these crystals can be large or small

· intrusive igneous rocks often show large crystals (due to slow cooling under the Earth)

· extrusive igneous rocks have small or no crystals (due to quick cooling on the surface)

· igneous rocks can have vesicles due to gases contained in the lava

· some common igneous rocks are basalt, obsidian, gabbro, and granite
	Sedimentary Rocks:

· form from large and small pieces of other rocks (sand, silt, pebbles, etc.) that are deposited and compacted into rock

· can be described as “rock within a rock”
· sediments are carried and deposited by wind and water
· sediments are deposited in layers and often display this layering in the resulting rock

· sedimentary rocks often contain clues or traces of their watery origins, like fossils, ripple marks, or mud cracks
· some common sedimentary rocks are sandstone, shale, and conglomerate
Metamorphic Rocks:

· form when any type of rock undergoes lots of heat and pressure
· on Earth, lots of heat and pressure can be caused deep in the Earth by plate tectonics, by intrusion of nearby magma, or by extrusion of lava

· some common metamorphic rocks are gneiss (shows dark and light banding, or foliation) and schist (usually contains lots of mica and garnet)

Igneous Rocks:

· form from molten rock (magma or lava)

· can be intrusive (cooled under the Earth’s surface) or extrusive (cooled above the Earth’s surface)

· igneous rocks contain inter-grown crystals of various minerals – these crystals can be large or small

· intrusive igneous rocks often show large crystals (due to slow cooling under the Earth)

· extrusive igneous rocks have small or no crystals (due to quick cooling on the surface)

· igneous rocks can have vesicles due to gases contained in the lava

· some common igneous rocks are basalt, obsidian, gabbro, and granite


Teacher Information:
This activity can probably be done in a 50 or 60 minute period - though 80-90 minutes is ideal.

Background Storyline: A Dutch museum discovers its moon rock is a fake (true -based on a true news story from summer 2009). Now museums all over the world are sending NASA their moon rocks for verification (fiction). The students are now members of NASA lunar geology research teams, and each team must assess one sample, determine what the rock type is, and determine if it might be a moon rock, or if it cannot be a moon rock. Each team of 3 must make a presentation by the end of class to share their findings with their bosses at NASA.

The 2-sided activity sheet includes the original news clipping, all the lunar geology facts necessary to rule out or confirm a number of rock samples, a report sheet to be handed in by each team, and a half-page rock ID cheat sheet (also good for review purposes).

I used the following samples (you could add many more, or multiples of some):


gneiss (ruled out - moon hasn't really ever had metamorphism, just intense vulcanism)
mica schist (ruled out - moon hasn't really ever had metamorphism, just intense vulcanism)
shale with a few small fossils (ruled out - sedimentary - no free water or evidence of life on the moon)
vesicular basalt   (this actually could be a moon rock – igneous)
gabbro (this could be a moon rock - igneous)
hematite (ruled out - no free oxygen to allow formation of hematite on the moon)
conglomerate (ruled out - sedimentary - no free water or atmosphere on the moon, very little gravity for sediments to compact)

Possible addition:

Breccia – if you have a breccia, that might pass for a lunar breccia (you can find pics of lunar breccias online – they can be a mix of light and dark fragments and matrix)
*** This activity does not include the possibility that the moon rock in question is a meteorite that originated off the moon. Some of the rocks on the moon definitely originated elsewhere, since the moon has been bombarded by many meteorites in its history, and those meteor fragments would not necessarily follow the lunar geology limitations.
NOTE: I introduced this activity with a short PowerPoint slideshow giving a little context and history about the Apollo missions (great photos available at http://www.nasaimages.org/ ) to explain how we (humans) got our moon rocks in the first place. I can send my slides – just email me. My students were very interested in this – some of them had seen the movie “Apollo 13”, but many know next to nothing about mankind’s trips to the moon.
I would like to thank Jo Ann Morreale for her advice and help developing this activity, as well as the ESPRIT listserv community, for their support and lunar geology tips.

- Chris Young     christopher.ivan@gmail.com

November 29, 2009
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