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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 I 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.



• Assess Mars’ biological potential
• Characterize the geology of the landing region
• Study Mars’ past habitability (the role of water)
• Characterize the human hazards on Mars 

Curiosity Rover
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Sojourner
1997

Spirit, Opportunity
2004

Curiosity
2012

NASA/JPL-Caltech 

Goals



Los Alamos Involvement in Curiosity

ChemCam
Developed & Led 

By LANL

NASA/JPL-Caltech /MSSS

Plutonium 
for RTG

LANL

NASA/Cory Huston

CheMin 
Science Co-lead is 

from LANL

NASA/JPL-Caltech 
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Laser-Induced Breakdown Spectroscopy (LIBS)

Sirven et al., JAAS

LANL Image

Backpack
LIBS for the IAEA

Sam Clegg, James Barefield, Rhonda McInroy
Chemistry Division
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What Really Happens?



ChemCam Spectra



Operating on Mars

Science Theme Group 
Selects Targets

Lien ListLong-Term
Guidance

Drive

Engineers Build
Command Sequences

Downlink New Mosaic

Investigate
Eng. & Sci. Data



Curiosity/ChemCam
Operations at 

Los Alamos
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Was Mars Ever Like This?

Kees Veenenbos

Abe et al., 2011



Mars Landing Sites
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Mars River Delta
Eberswalde Crater



Gale Crater Landing Site
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Landing Ellipse

Mount Sharp
Sedimentary, 3 miles high

90 miles

Gale Crater



Mastcam mosaic of Mount Sharp, descent 
rocket scours, and rover shadow

NASA/JPL-Caltech/MSSS



16
NASA/JPL-Caltech/LANL/IRAP/IAS



Alluvial Debris 
from Crater Rim
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Crater Rim

Mt Sharp

Peace Vallis



Conglomerate Outcrops Show Evidence of Ancient Rivers on Mars

Mastcam with RMI embedded



Center-Dipping Beds Deposited 
as Gale Lake Filled with Sediment

NASA/JPL-Caltech/MSSS



Massive Evidence for a Large, Long-Lived Lake

20 > 5 milesfinely-layered strata
> 1000 feet thick



The Sediment Load Found in Gale Crater Must 
Have Taken a Long Time to be Deposited
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Landing Ellipse
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NASA/JPL-Caltech/U. AZ/USGS

Curiosity is here
13 miles so far

Curiosity’s Traverse
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Image Credit: NASA/JPL-Caltech/MSSS



ChemCam Studies the Composition of Lakebed Sediments

Clay Index



Manganese
Discovery of Manganese Oxide Coatings… Implies that Mars’ Atmosphere 

Was Once Oxygen Rich

Nina Lanza, LANL



Is it Mars or New Mexico?

Murray Buttes



Mud Cracks in 3 Billion Year Old Sediments

Stein et al., 2018



ChemCam Discovers Boron
The Onset of Dry Conditions for Gale Lake

Patrick Gasda, LANL



Image processing by Sean Doran
http://www.gigapan.com/gigapans/195470





ChemCam Failure!

NASA/JPL-Caltech/MSSS

CWL
Assembly

Sol 808
MAHLI

Focus position

November
2014
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Mars Sample Return
Mid to late 2020s?
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And Someday…





NASA/JPL-Caltech/MSSS

Thank You!
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Organic Molecules Found On Mars
SAM Instrument, GSFC



Robotic Arm

Adaptive Caching Assembly 
(ACA)

(internal to Rover)

Bit Carousel
(part of ACA)

Turret
• Coring drill
• SHERLOC / WATSON Instrument
• PIXL Instrument

Caching  Assembly

~ 42 sample tubes

Sampling & Caching Subsystem

Image Credit: NASA/JPL-Caltech



Coring bit

Hermetically sealed sample tube

core sample
~ 5 cm long x

~ 1 cm diameter
~ 15 grams

Coring

Image Credit: NASA/JPL-Caltech



Image Credit: ESA/DLR/FU Berlin/Emily Lakdawalla

10 km Jezero Crater Landing Site
February 8, 2021



NASA 
Mars 2020

Rover

European ExoMars Rover

Chinese Mars Rover

Missions to Mars in 2020

2 Raman Spectrometers
1 LIBS Instrument

Contact Raman Spectroscopy

LIBS



Venera + Don Mitchell

Analyses on Other Worlds

Venus Elemental & Mineral Camera (VEMCam) 
to receive maturation funding from the New 
Frontiers Mission Office (NASA press release, 
December)

Internal funding for Organics Fluorescence 
Imager (OrganiCam) for Ocean Worlds 
missions



LANL Photo



Rover

58Mars 2020 Rover
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SHERLOC: Scanning 
Habitable Environments with
Raman and Luminescence for 
Organics and Chemicals

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



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

Tony Nelson, LANL SHERLOC Lead
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Jezero, NE Syrtis, and Midway Locations
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December, 2013

Unexpectedly 
Sharp 

Rocks!



Curiosity’s Wheel Wear

April, 2016



68Curiosity Mars 2020 40 Mile Test
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Radiation dose on the 
surface of Mars is 

equivalent to about 1 
CT scan per week





Organic Destruction on Mars



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)

72

Remote
Sensing

Contact
Measurements

In-Situ
Analyses

e.g., 600,000 ChemCam spectra 
in 6 years

e.g., ~500 APXS analyses

e.g., ~20 CheMin
analyses

Rapid

Time-
Consuming



Meteorites on Mars!

~1 ft

2014 NASA/jPL-Caltech/MSSS/LANL/IRAP/CNES/LPGN/IAS



First Rover Test of LIBS

NASA & LANL Photos



Meteorites from Mars
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First dissertation on the Mars atmosphere analyzed in the laboratory

Glass produced 
by impact shock 
contains traces of 
Mars atmosphere

NASA Photo



LANL Image



Dunes!



Bagnold Dunes

78Image ~1.7x 1.0 cm
NASA/JPL-Caltech/MSSS



Curiosity Rover
ChemCam
(Chemistry)

Mastcam
(Imaging)

REMS
(Weather)

DAN
(Hydrogen)

SAM
(Isotopes)

CheMin
(Mineralogy)

MARDI
(Imaging)

APXS
(Chemistry)

MaHLI
(Imaging)

RAD
(Radiation)

NASA/JPL-Caltech NASA/JPL-Caltech



Noachian Hesperian Amazonian

Clays Sulfates Anhydrous ferric oxydes

4.6 1.52.02.53.03.54.0 00.51.0
Billions of years

today

- Bombardment
- Valley network
-Warm & wet
“Early Mars”

- Volcanism
- Outflow channels
- Oceans ?

- low impact rates
- Volcanism
- Outflow channels
- Polar caps
- Cold/dry

“Late Mars”

Water 
on Earth

Life confirmed 
on Earth

Agnes Cousin
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