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ChemCam spectra of Coronation 
NASA/JPL-Caltech/LANL/CNES/IRAP	

NASA/JPL-Caltech/MSSS	

Target:	Corona,on	(N165)	
Sol	13	
Shots:	30	

NASA/JPL-Caltech/LANL/CNES/IRAP/IAS/MSSS	
Remote	Micro	Image	
5.4	cm	(2.1”)	Across	



“Sheepbed” rocks contain 1 to 5-mm fractures filled 
with calcium sulfate minerals that precipitated from 
fluids at low to moderate temperatures 

NASA/JPL-Caltech/LANL/CNES/IRAP/IAS/	
LPGN/CNRS/LGLyon/Planet-Terre	

ChemCam	spectra	from	sol	125	
“Crest”	and	135	“Rapitan”	

ChemCam	Remote	
Micro-Imager	



Jake Matijevic studied by Mastcam (image), APXS, 
and ChemCam 

NASA/JPL-Caltech/MSSS	
LANL/IRAP/CNES/IAS/LPGN	

Composition is similar to alkaline 
basalts on Earth produced by 
partial melting of the mantle 
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 sol34 Caltarget          90 min
 sol46 JakeMatijevic  30 min

NASA/JPL-Caltech/U.	Guelph	

APXS	Spectra	



Independent	Components	Analysis	of	LIBS	data	from	Mars	

Meslin	et	al.	(2013)	



Principal	Components	
Analysis	applied	to	LIBS	

Anderson	et	al.	(2011)	



Raman	Spectroscopy	

Ac#ve	Remote	Sensing	of	Mineralogy	



•  Rayleigh-scaOered	photons	~107	Rmes	more	abundant	than	Raman-scaOered	photons!	

•  Stokes	>	AnR-Stokes	because	excited	states	are	minimally	populated	at	room	temperature	

Raman	effect:	inelasRc	photon	scaOering	



Raman:	emission	line	spectroscopy	



It’s	all	about	the	shi9	



Organics	



Raman	vs.	IR	spectra:	related	but	different	

Ferini	et	al.	(2004)	



Can	detect	a	range	of	minerals	

Sharp	peaks	with	
minimal	overlap	

…and	mixtures!	



Peaks	shia	with	chemistry	
and	hydraRon	state	



•  ScaOered	power	proporRonal	to	1/λ4	

•  But	shorter	λ	also	increases	fluorescence	

What	laser	λ	to	use?	



Raman+LIBS:	Chemical	and	mineralogical	
remote	sensing	with	a	single	instrument!?	

Wiens	et	al.	
(LPSC	2012)	


