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A successful Mars exploration program has revealed chapters of Mars history, but in this book,
the pages are ripped out of the binding and scattered across the surface. An examination

of each page reveals interesting information, but there
in a logical order. Geochronology is the tool that puts page numbers onto the

individual pages, and allows the book of Martian history to be read in its proper
order. The KArLE experiment performs the first dedicated in situ geochronology
investigation on Mars, bringing clarity to Mars 2020 samples and context to its
landing site.

Science Goals and Objectives

The Potassium (K) - Argon (Ar) Laser Experiment (KArLE) ad-
dresses several high priority goals of the NASA Planetary Science
Decadal Survey and Mars Exploration Program Analysis Group.
Augmenting the anticipated suite of Mars 2020 baseline instru-
ments, the KArLE science goals directly map to key Mars 2020
mission objectives. The proposed investigation goals are:

1.

Investigation Overview

The KArLE experiment centers on a low-cost, mechanically simple
chamber, and uses separate supporting instruments that are part of the
anticipated Mars 2020 payload to make its analysis:

Determine the age of lithologic units investigated by the
Mars 2020 mission to understand when they formed or
underwent alteration on the Martian surface and how long
they may have been energy sources for biological activity.

. Add context to the geologic and biologic environment
investigated by the Mars 2020 mission by using the age of
local lithologic units to place them into planetary geologic,
atmospheric, and climate history.

. Use age information to help choose “scientifically selected,
well-documented” samples to be cached for future return.

 Sample introduction via the coring/caching system

« Elemental analysis via Laser-Induced Breakdown Spectroscopy (LIBS)
» Noble-gas analysis via mass spectrometry (MS)

* Volume determination via optical imaging

s no way to read the book

The KArLE experiment is very flexible in its implementation and can be accomplished

using any combination of these components, regardless of their specific provider.

(Honeybee Robotics); S. E. Roark, L. R. Hardaway, J. D. Weinberg, Ball Aerospace and Technolog

B. A. Cohen, Z.-H. Li, J. S. Miller, D. Devismes (NASA Marshall Space Flight Center, Huntsville AL 35812; Barbara.A.Cohen@nasa.gov), T. D. Swindle (University of Arizona);
);
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KArLE analysis methods have been developed, tested, and validated by three independent laboratories over 10+ person-years.
Measurements using currently-available flight technologies are more than sufficient to achieve meaningful absolute ages.

o LASER INDUCED BREAKDOWN SPECTROSCOPY (LIBS)

o MASS SPECTROMETRY (MS)
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LIBS spectra are collected with every laser pulse and
averaged over multiple shots. Spectra are corrected for
background, normalized to total radiance, and
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LIBS spectra of microcline showing K and O peaks in air and under
vacuum (107 torr). LIBS intensity varies with confining pressure; however,
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Ar gas released from the sample may be measured
directly in static mass spectrometers, such as this

quadrupole mass spectrometer (RGA).
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