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A brief summary of Mars Meteorite Compendium
data: all of the ages done for all of the meteorites.
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To ask many questions, we will need a diversity
of samples…
Most known meteorites are apparently much
younger than most of Mars’ surface

Adapted from Nyquist et al., 2001

For “Recent” (last 3 Ga) lunar impact flux
– Only one data point
– Smooth decline or constant?
– Implications for Mars (recent geologic activity, climate change),
Earth (time of evolution of complex life)

U,Th-He
similar to K-Ar

What can be dated?
• K-Ar, U/Th-He date last thermal event (though actinides are
trace elements and less abundant). He may be less diffusive
on Mars than on Earth
– Cratering events don’t do enough heating to reset most of
the material involved
• Only melt sheets fully reset
– Solar heating not enough to cause loss of Ar, but can
cause loss of He from surface material at shorter
astronomical distances.
• CRE ages date time at very surface
– Can be used to date cratering events
– Upper limit set by erosion/gardening rates
• 10s of Ma?

Advantages of noble gas geochronology
• Multiple techniques with single system
– Complementary (measure different identifiable events in
many cases)
• Intrinsically simple – using techniques that were used 50
years ago in terrestrial labs
• Requirements:
– Measure noble gases
• Mass spectrometer
– MSL SAM, Beagle2, many others
– Measure major elements plus K, U, Th
• XRF (many flown)
• LIBS (Laser-Induced Breakdown Spectroscopy)
– MSL ChemCam

The tough requirements
• Acquire sample (10 mg)
• Heat sample
– For CRE, many terrestrial labs use 1600ºC
– SAM, Phoenix TEGA 900-1100ºC

• Weigh sample
– XRF, LIBS give fractional abundance; mass
spectrometers give absolute

• Interpretation the results

• Major sources of uncertainty (other than interpretation)
compound in normal way
– Weight (7% 1_ achieved by measuring melted volume,
should be possible to do better)
– Elemental abundances (LIBS typically 5-7%)
– Noble gas abundances (10%?)
– Compounded uncertainty ~15%, might be able to do
better

K-Ar problems at Mars
Trapped atmosphere?
– Adsorption?
1% of PEarth, but lower temperatures
– Shock-implanted atmosphere unlikely to be
problem
Heavily shocked rocks likely to be
uncommon
Partially reset ages?
– Less likely to be problem than Earth (no plate
tectonics, impacts not very effective at
resetting)
Mars Magmatic gases incorporated?
– Could be problem for 40Ar, particularly for
young samples
Bogard – Shergottites incorporate
~constant amount of 40Ar, not
constant 40Ar/36Ar ratio
For very young samples, CRE age could
be more accurate
– Need multiple samples

Bogard (2008) LPSC XXXIX, #1100

The bottom line (development)
• In situ noble gas geochronology is promising, and there are
tough (not insurmountable) problems to solve
– Sample heating (10 mg to 1500ºC)
– Weighing a 10 mg sample
– These problems arenʼt unique to noble gas systems
• Need development of integrated instrument(s)

Rubidium-Strontium
•

Rb-Sr relatively immobile

•

Rb-Sr relatively abundant when compared to Nd-Sm etc

•

Provides age and evolution information

•

Rb-Sr most common SNC dating method [Meyer, 2009]

•

85% of SNC Rb-Sr dates concordant with other
geochronometers [Meyer, 2009]
– Simpler interpretation

•

Ages from 10 Ma to 4.5 Ga, ±50-100 Ma

•

Can be used for igneous rocks, but also:
– Metamorphic: Glodny et al, 2002; Barker et al, 1969;
Faure, 1986
– Sedimentary: Morton, 2009; Cordani et al, 2004;
Gebauer & Grunenfelder, 1974; Bell, 1968; Bofinger
et al, 1968; Allsop et al, 1968; Faure, 1986

•

Can do spatially resolved measurements

Principle: LDMS/LD-ICP-MS
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Sources of error
• System must have remained closed to Rb and Sr diffusion
after rock cooled below the closure T.
• Minerals used to construct the isochron must have formed
in chemical equilibrium, or if sediments, been deposited
contemporaneously
• Samples must not have been subject to metasomatism
• Rb and Sr are very mobile in hydrothermal fluids
• You must have a good idea of the thermal history of the rock

•

Within 1-3 years: NO. Within 10 years: Maybe.
Should we be working on the approach? YES.
– TRL isn’t high enough for any instrument, though high for parts of some

•

What’s needed
– Sustained funding to increase TRL for instrumental approaches for
measurements using multiple and complementary isotope systems
(e.g., Rb-Sr and K-Ar) Different age range chronometers are desirable.
– Funding to develop sampling preparation approaches for unique
challenges specific to in situ geochronology.
– Measurement of mass
– Thermal management

•

Biggest Advantages: Can look at multiple samples to reduce uncertainties.
Will probably be ready sooner than the sample return mission

•

Biggest Disadvantages: Uncertainties inherent in in situ techniques,
technical immaturity in subsystems as well as instruments (eg., weighing
samples, heating strategies, laser stability , etc.)

•

Within 1-3 years: NO. Within 10 years: A start. Beyond that? YES.

•Biggest challenges: accessing locations with the right samples,
making the right contextual measurements, ensuring their safe and
unaltered return
•Biggest Advantages: Can throw multiple dating techniques at samples
in a controlled environment using the best available, state-of- the-art
instruments
•Biggest Disadvantages: Cannot do iterative sampling, we have to wait,
probably ten years.

