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Introduction:  Absolute dating is needed to check 

and calibrate the relative chronology presently availa-

ble from meteoritic crater counting. For that purpose, 

the K-Ar technique appears very promising as it is 

based on the radioactive decay of an isotope from a 

major element, potassium (K), which is often present 

in larger abundances than other radiometric parent 

elements, particularly for the Moon [1]. 

Several experimental setups using spot laser anal-

yses have been developed to investigate the feasibility 

of in situ K-Ar dating in future landing planetary mis-

sions [2-7]. We present here an in situ K-Ar dating 

prototype developed at NASA GSFC, KArLE, an in-

strument based on laser ablation to vaporize a repro-

ducible volume of rock or mineral. It quantifies potas-

sium content (K) by laser-induced breakdown spec-

troscopy (LIBS), argon (Ar) by quadrupole mass spec-

trometry (QMS), and the ablated mass by profilometry 

(Fig. 1). 

 
Fig.1: KArLE schema. 

Calibration: We currently use univariate analysis 

to define a correlation between the LIBS signal and a 

known K concentration using calibration curves based 

on standard samples (rocks and minerals). The limit of 

detection (LOD) and the limit of quantification (LOQ) 

of K determinations are derived from these calibration 

curves (Fig. 2). Following the approach of Mermet [8], 

and using the weighted calibration at the 1σ confidence 

level, the LOD and LOQ in the current KArLE setup 

are 0.07 and 0.27 wt.%, respectively. 

 
Fig.2: Calibration curves for the potassium doublet at 766nm and 

770nm under vacuum conditions (10−9 Torr). 

A very small amount of sample is evaporated dur-

ing ablation (between 10 and 60μg), releasing radio-

genic 40Ar that is measured with an quadrupole mass 

spectrometer (QMS). The QMS detection limit in our 

current laboratory setup is around 5×109 atoms for 

mass 40, with a corresponding uncertainty under 5%. 

Previous lab-work has confirmed the linearity of our 

QMS instrument in the range 1 to 20×10−9 Torr, corre-

sponding to a range from 2×108 to 4×1011 atoms of 
40Ar. 

The precision and accuracy of the LIBS-MS ap-

proach have been successfully demonstrated on many 

terrestrial samples [2-7] (Fig. 3). In general, these 

samples have had >1 wt.% K2O and young ages (<2 

Ga). For the Moon, lithologies that would benefit from 

in situ dating (e.g., ancient basins, silicic volcanism, 

etc.) have less K2O and older ages, making their analy-

sis more challenging. We are therefore working on 

extending our KArLE techniques and data analysis 

methods to older and more K-poor samples as better 

lunar analogs.  

 
Fig.3: Compilation of the in-situ K-Ar ages obtained by different 

studies [2-7]. 
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Results: Our first sample in our lunar campaign is 

Archaean amphibolite AMP3.8, composed of amphi-

bole and plagioclase. The plagioclase has a K content 

of 0.3% and a reference age of 2052 ± 29 Ma; previous 

in situ K-Ar dating yielded its age as 2218 ± 135 Ma 

[9, 2]. We performed 19 UV laser ablations with 600 

to 1800 laser pulses on the whole rock to yield a range 

of K2O content and construct an isochron even when 

individual points scatter [10]. The KArLE calculated 

age is 2009 ± 96 Ma (1), within uncertainty of the 

reference age and with a precision better than 5% (Fig. 

4). 

 
Fig.4: KArLE results obtained on plagioclases of AMP3.8. 

Future work: The intensity of each elemental peak 

in a LIBS spectrum is not a simple function of ele-

mental abundance; it is sensitive to the composition 

and crystal structure of the sample. Multivariate curve 

fitting techniques (such as Partial Least Squares, or 

PLS) will be used to understand the bulk composition 

of the sample and refine the K calibration curve better 

than univariate analysis [11]. We expect this technique 

to enable lower K contents to be measured, as well as 

being able to use the whole rock chemistry for context 

in the case of unknown samples. In addition, we are 

constructing a demultiplexer for our laboratory setup, 

similar to that in use by ChemCam and SuperCam,  in 

order to improve the amount of light reaching each 

spectrometer over their respective wavelength ranges 

and further improve K measurements [12]. 

Another challenge is to determine the ablated mass, 

which depends on laser parameters, and on the mineral 

analyzed. For that purpose, and in order to build a de-

vice suitable for space applications, we are collaborat-

ing with NEPTEC, who will develop a miniaturized 

laser profilometer based on their Space Station instru-

ment [13]. We will also continue working to under-

stand the sensitivity of the laser pit volume to different 

parameters (e.g. mineral strength, density determina-

tion, color, shape, etc.) that affect the mass determina-

tion [2]. 
We will use these improvements to conduct anal-

yses on higher-fidelity lunar analogs as well as plane-

tary samples, including ordinary chondrites, Pultusk 

and Bjurböle (4.55 Ga and 4.46 Ga, respectively) [14], 

and lunar meteorite MET 01210 (3.90 Ga). Further 

experiments on meteorites and lunar samples like MET 

01210 will illustrate the feasibility of the KArLE tech-

nique on the lunar surface. 

Flight version: NASA’s Development and Ad-

vancement of Lunar Instrumentation (DALI) program 

awarded funding to KArLE at NASA GSFC, to mature 

spacecraft-based instrument for use in future lander 

missions. Knowing the precise ages afforded through 

K-Ar dating would help scientists to check and cali-

brate the relative chronology presently available from 

meteoritic crater counting, and to understand the 

Moon’s history, its formation, the effects of bombard-

ment, and by extension, the history of the solar system.  

 
Fig.5: KArLE uses flight-heritage components to achieve the first in-

situ geochronology of the Moon on a lander/rover (©Astrobotic). 

We need to miniaturize KArLE and calibrate the 

instruments for the moon. Our team will build a high 

fidelity brass board to minimize mass, volume, and 

power resources, shown to satisfy all functional and 

science requirements. Then, we will test and calibrate 

this miniaturized version in order to validate the readi-

ness for the flight on a small commercial lander/rover.  
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