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Abstract

The 1-ton Curiosity rover has been exploring Gale crater on Mars since 2012. Its payload
includes the ChemCam laser instrument, led by LANL. ChemCam uses the laser-induced
breakdown spectroscopy (LIBS) technique to obtain remote elemental compositions of
Mars rocks and soils. In this presentation | explain how we operate this instrument on Mars
and what we have discovered.

Note: slide 6 is a short video of ChemCam’s operation. The video was sent through
RASSTI separately in 2012.



Curiosity Rover Goals

* Assess Mars’ biological potential
* Characterize the geology of the landing region
e Study Mars’ past habitability (the role of water)

e Characterize the human hazards on Mars
Spirit, Opportunity Sojourner
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$ Los Alamos Involvement in Curiosity
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Laser-Induced Breakdown Spectroscopy (LIBS)

Sam Clegg, James Barefield, Rhonda Mcinroy
Chemistry Division
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Operating on Mars

Long-Term Lien List

Guidance



Operations at
Los Alamos

““SOWG Chair: Doug Ming
LTP: Melissa Riﬂ_
Science Planner: Pegah Pashai
Documentarian: Abby Frasman
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Mastcam mosaic of Mount Sharp, descent
rocket scours, and rover shadow
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Alluvial Debris
from Crater Rim

Image credit: Palucis et al., 2014
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i Massive Evidence for a Large, Long-Lived Lake

Rivers

Delta

River
deposits

Delta deposits

> 5 miles

Lake deposits

finely-layered strata
> 1000 feet thick
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The Sediment Load Found in Gale Crater Must
Have Taken a Long Time to be Deposited
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ChemCam Studies the Composition of Lakebed Sedimey
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Implies that Mars’ Atmosphere
Was Once Oxygen Rich
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Is it Mars or New Mexico:

Murray Buttes




Stein et al., 2018
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Image processing by Sean Doran
http://www.gigapan.com/gigapans/195470
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® ChemCam Failure! 2014
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To Collect Samples for Return to Earth
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Mars Sample Return

Mid to late 2020s?




Awnol someolag...
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TIME 18:25




//www.msl-chemcam.com
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SUPERCAM

AN INSTRUMENT SUITE FOR THE MARS 2020 ROVER

LIES ':EIFI-EI:‘J Iltl|- Fi:-ﬁ Mmian i'_-'lﬂ Tir‘r‘u‘:- II."IS"FE: 5!:.;_:..:[:[3 I:I:|||:|r r'.,|1i|:r|:|-
resolved Fluoresence Imaging
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Sampling & Caching Subsystem

Bit Carousel
(part of ACA)

Sealing 2
Seal/Caging Plug AL EIESIE])
MR behind)

Handling Arm

~ 42 sample tubes

Robotic Arm

Adaptive Caching Assembly
(ACA)

(internal to Rover)

Turret

« Coring drill
SHERLOC / WATSON Instrument
PIXL Instrument

Image Credit: NASA/JPL-Caltech



Image Credit: NASA/JPL-Caltech

Coring bit

Coring

Hermetically sealed sample tube
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Missions to Mars in 2020

NASA
Mars 2020

European ExoMars Rover
Contact Raman Spectroscopy

Chinese

.

Mars Rover

1 LIBS Instrument



Analyses on Other Worlds

Internal funding for Organics Fluorescence

Imager (OrganiCam) for Ocean Worlds
missions

Venus Elemental & Mineral Camera (VEMCam)

to receive maturation funding from the New

Frontiers Mission Office (NASA press release,
December)




LANL Photo
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SHERLOC: Scanning
Habitable Environments with
Raman and Luminescence for
Organics and Chemicals

JPL-LANL arm-mounted iEe
in-situ UV Raman & fluorescence b
instrument, primarily for organics



SHERLOC Engineering Model

JPL-Led; Portions Built at Los Alamos; to be Mounted on the Rover Arm

Tony Nelson, LANL SHERLOC Lead
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HRSC Elevation
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The -2400 m elevation for the delta and the breach at the eastern outlet is a robust
observation favoring the presence of a lake.




Jezero, NE Syrtis, and Midway Locations

Updated Midway
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Jet Propulsion Laboratory
. California Institute of Technology

Relief hazards in the NE
Syrtis Region using
HRSC DEM

Yellow = 130-140 m
Orange = 140-150 m
Red > 150 m

EDL team prefers no red
In ellipse




Mafic composition
Fresh lava flows

1st interest : Mafic material in the ellipse => Fresh lava flows good for geochronology
But questions were raised on the exact age from crater counts
as well as the origin (true lava flows, or mafic eolian unit)




December, 2013
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Surface with youngest
COSMIC Fay exposure

Erosion by windblown sand

L)
v o

Impermeable Rock Layer




Rover Payload Architecture

* Funnel concept:
— Rapid analyses of a large number of samples (remote sensing)
— More careful analysis of a smaller number of samples (contact)

— Infrequent analysis with detailed instruments (in-situ mobile
laboratory instruments)

Remote

Rapld e.g., 600,000 ChemCam spectra Sensing
in 6 years
Contact
e.g., ~500 APXS analyses Measurements
. e.g., ~20 CheMin In-Situ
Time- analyses Analyses

Consuming

Il_ll 72






First Rover Test of LIBS
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NASA & LANL Photos



Meteorites from Mars

First dissertation on the Mars atmosphere analyzed in the lab

Yielele

Glass produced
by impact shock
contains traces of
Mars atmosphere

NASA Photo

oratory
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ChemCam

Laser-Induced Remote Sensing
for Chemistry and Micro-lmaging

Most Detailed Remote Images Ever
from the Remote Micro-Imager (RMi)

Elemental Abundances from Laser-
Induced Breakdown Spectroscopy (LIBS)

Mg
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curiosity Rover
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Sulfates
> >

Clays

Anhydrous ferric oxydes

Hesperian Amazonian

today

2.0 1.5 1.0 0.5 0
Billions of years

Life confirmed R ERIEICS
- Volcanism
on Earth - Outflow channels
o U - Polar caps
— “Early Mars - Cold/dry

—“] ate Mars”’

Agnes Cousin
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