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•  Unprepared sample or core (~2 cm) introduced by the spacecraft 

•  Infrared laser ablates a pit in the rock 

•  K measured using laser-induced breakdown spectroscopy (LIBS) 

•  Liberated Ar measured using quadrupole mass spectrometry (QMS) 

•  K and Ar related by volume of the ablated pit using optical measurement 

Laser-Induced Breakdown Spectroscopy (LIBS)

•  LIBS calibrated using powdered natural geologic materials with certified 
analysis, calibration curve fit with a power law to calculate unknowns 

•  Cal curve still underconstrained at high K2O concentrations – in work with 
new standards 

•  LIBS intensity is good at 1E-7 torr pressure – works well with mass 
spectrometer conditions 

The Potassium-Argon Laser Experiment (KArLE)
for in situ geochronology: A development update

KArLE Breadboard Flight Equivalent 

Ocean Optics LIBS 2500+ MSL ChemCam (without telescope) 

Quadrupole Mass Spectrometer (QMS)

KArLE Breadboard Flight Equivalent 

Hiden HAL/3F 51 Residual Gas 
Analyzer 

MSL Sample Analysis at Mars (SAM) mass 
spectrometer 

KArLE Concept of Operations

Preliminary results: Fish Canyon Tuff Standard

•  Measurement Goal: 2% in ablation volume  

•  Volume × rock density yields the ablated sample mass - necessary to 
relate absolute Ar and relative K measurements  

•  Density determined using normative calculation on Fish Canyon Tuff bulk 
composition (which would be measured with LIBS or APXS) – 2.59 g/cm3 

•  Evaluating existing optical methods for accuracy and precision before 
integrating chosen optical method into KArLE 

Optical pit measurement

A sample of the 
Fish Canyon 

Tuff with major 
minerals 

labeled. Each 
LIBS pit is 1 mm 

apart and 
generally 

ablates multiple 
minerals. The 
Fish Canyon 

sanidine is an 
inter-laboratory 
40Ar-39Ar dating 

standard. 

Keyence VX-200 
laser microscope 
results for shot 6 in 
Fish Canyon Tuff. 
The LIBS ablation 
holes were 
generated by 300 
laser shots and 
resulted in pits 
approximately 300 
μm in diameter and 
500 μm deep. The 
volume is 
calculated relative 
to the cut surface; a 
volume may also 
be calculated from 
before-and-after 
optical photographs 
to account for 
natural surface 
variation.

KArLE Breadboard Flight Equivalent 

Keyence VK-X200 Laser Confocal 
Microscope 

MSL MAHLI / Phoenix Atomic Force 
Microscope 

KArLE schematic and 
laboratory setup showing 
major components. The 
optical measurement is 
conducted separately but will 
be integrated in future work. 

•  Simultaneous LIBS and QMS collection, external optical measurement 

•  Isochron slope is within 25% of accepted value 

•  Individual shots systematically too old – likely trapped Ar component 

Introduction

•  The KArLE goal is to determine the age of geologic samples in situ with 
sufficient precision to date a wide range of planetary materials 

•  KArLE uses high-TRL components arranged around a vacuum chamber 
to measure K and Ar at the same time on the same sample to achieve a 
precise age, while also acquiring analyses common to most planetary 
surface missions, such as elemental analysis and imaging 

•  Year 2 of PIDDP development: verified component performance and 
achieved good results on Fish Canyon Tuff standard 

•  Continuing work: 
•  optimize measurement conditions and uncertainties 
•  further verification on 40Ar-39Ar standards and planetary materials 
•  integrate optical measurement into breadboard 

•  QMS calibrated using known aliquots of purified Ar 

•  Sample gas liberated by LIBS is allowed to equilibrate with getter for 3-5 
minutes before introduction to mass spectrometer 

•  200-400 consecutive shots are sufficient to liberate measureable gas 
(depending on age and K2O content) 

Shot 
number 

40Ar/40K ratio 
(×1000) 

Volume          
(×107 mm3) 

± (%) Age (Ma) ± (%) 
Difference from 

accepted age (%) 
1 7.6 1.48 1.0 125.7 25.3 349 
2 3.5 2.21 1.8 59.0 13.4 111 
3 6.4 1.14 3.8 107.3 19.5 283 
4 4.4 1.57 3.4 73.9 25.1 164 
5 2.5 1.89 2.6 42.8 13.5 53 
6 2.3 1.59 1.2 39.4 17.9 41 
7 3.6 1.62 2.7 61.1 28.8 118 

Isochron age = 20.6 Ma
Accepted age = 28.0 Ma


