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Introduction:  In planetary exploration, in situ ab-

solute geochronology is one of the main important 
measurements that needs to be accomplished. Until 
now, on Mars, the age of the surface is only deter-
mined by crater density counting, which gives relative 
ages. These ages can have a lot of uncertainty as they 
depend on many parameters. More than that, the 
curves must be ties to absolute ages. Thus far, only the 
lost lander Beagle 2 was designed to conduct absolute 
geochronology measurements, though some recent 
attempts using MSL Curiosity show that this investiga-
tion is feasible and should be strongly encouraged for 
future flight.  

Experimental:  The Potassium (K)-Argon Laser 
Experiment (KArLE) is being developed at MSFC 
through the NASA Planetary Instrument Definition 
and Development Program (PIDDP). The goal of this 
experiment is to provide in situ geochronology based 
on the K-Ar method. A laser ablates a rock under high 
vacuum, creating a plasma which is sensed by an opti-
cal spectrometer to do Laser Induced Breakdown 
Spectroscopy (LIBS). The ablated material frees gases, 
including radiogenic 40Ar,which is measured by a mass 
spectrometer (MS). As the potassium is a content and 
the 40Ar is a quantity, the ablated mass needed in order 
to relate them. The mass is given by the product of the 
ablated volume by the density of this material. So we 
determine the mineralogy of the ablated material with 
the LIBS spectra and images and calculate its density. 
The volume of the pit is measured by using microsco-
py.  

LIBS measurement of K under high vacuum:  
Three independant projects [1, 2, 3] including KArLE, 
are developing geochronological instruments based on 
this LA-LIBS-MS method. Despite several differences 
in their setup, all of them have validated the methods 
with analyses and ages. However, they all described 
difficulties with the LIBS measurements of K [3,4].  

At ambient pressure, the quantification of K by 
LIBS on geological materials can be accurate [5]. 
However the protocol of the LA-LIBS-MS experiment 
required hundreds of shots under high vacuum in order 
to free enough 40Ar* to be measured by the QMS.  
This long duration of ablation may induces significant 
changes in the LIBS spectra. The pressure may in-
creases by orders of magnitudewithin the chamber and 
the laser pit geometry can change the effectiveness of 

ablation and intensity of plasma light received. These 
effects introduce variation between the first and last 
spectra and so the quantification of K is more com-
plex. The ablation of one crater can give, depending on 
the protocol of acquisition, from tens to hundreds of 
spectra.  

Protocol and results:  We are in the process of 
further characterizing the variation introduced into 
LIBS spectra by the use of hundreds of laser shots, and 
definining a protocol that can be used to ensure accu-
racy and reporoducibility in the results.We are using 
natural rock powder standards fused in a furnace, as 
well as mars analog samples with known K content. 
We will show the result of the calibration and some 
new statistical approaches in order to apprehend the 
effects of the long time ablation on rocks under high 
vacuum. 

Upcoming work: The next step will be to optimize 
the measurement of the ablated volume. The ablation 
of rocks in high vacuum with hundreds of laser pulses 
produces craters deep of hundreds of µm. The shape of 
the crater depends on many different parameters, in-
cluding the optical setup and the size of the microcrys-
tals of the groundmass. We are working on protocols 
[6] which should be able to produce accurate meas-
urements of these volumes. By doing this on a large 
collection of well-known samples, we expect to have a 
better understanding of the effects of extended ablation 
of rocks under high vacuum.  
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