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Curiosity’s Science Objectives

NASA/JPL‐Caltech

Curiosity’s primary scientific goal is to explore and 
quantitatively assess a local region on Mars’ surface as a 
potential habitat for life, past or present

• Biological potential

• Geology and geochemistry

• Role of water

• Surface radiation
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NASA/JPL‐Caltech/ESA/DLR/FU Berlin/MSSS

150‐km Gale Crater contains a 5‐km high mound of 
stratified rock.  Strata in the lower section of the mound 
vary in mineralogy and texture, suggesting that they may 
have recorded environmental changes over time.   3
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Curiosity’s Sampling System

• Cleans rock surfaces with a brush

• Places and holds the APXS and 
MAHLI instruments

• Acquires samples of rock or soil 
with a powdering drill or scoop

• Sieves the samples (to 150 μm or 1 
mm) and delivers them to 
instruments or an observation tray

• Exchanges spare drill bits

2.25‐m Robot Arm
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Sample Manipulation System 
and Housing

Tunable Laser
Spectrometer

Electronics

Solid Sample Inlets

Gas Chromatograph

Chemical Separation
and Processing Laboratory

Quadrupole Mass Spectrometer

Wide Range Pump

Atmospheric Inlets
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Sample Manipulation System 
and Housing

Tunable Laser
Spectrometer

Electronics

Solid Sample Inlets

Gas Chromatograph

Chemical Separation
and Processing Laboratory

Quadrupole Mass Spectrometer

Wide Range Pump

Atmospheric Inlets

QMS

GC

TLS

SMS

Column # Chemistry

GC1 MXT20

GC2 MXT5

GC3 Carbobond

GC4 ChirasilDex

GC5 MXT CLP

GC6 MXTQ
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Previously flown on
Cassini Orbiter
Cassini GCMS
[CONTOUR, Nozomi]

Galileo Probe
Pioneer Venus Orbiter
Earth orbiting spacecraft 

(AE, DE, San Marco, AEROS, OGO)

QMS:  Quadrupole Mass Spectrometer
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Pyrolysis/EGA:  Evolved Gas Analysis

• Sample temperatures up to 
1100˚C can be reached

• Mass analysis during sample 
heating provides indications of 
mineralogy, organic content

• GCMS on evolved volatiles 
provides detailed analysis of 
organics that may be present

• Temperature “cuts” can be sent 
to TLS for high‐sensitivity C and 
O isotope analysis on evolved 
volatiles
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Wet Chemistry:  Derivatization Expts
• 9 total derivatization cups

• 7 cups with foil‐sealed MTBSTFA in DMF 
for hydroxyl group derivatization

• 2 cups with TMAH in MeOH for 
thermochemolysis

MTBSTFA: N-(tert-
butyldimethylsilyl)-N-
methyltrifluoroacetamide

O

N

F

F

F Si

DMF: Dimethylformamide

O N

TMAH: Tetramethyl
ammonium hydroxide

MeOH: Methanol

N+

OH-

OH
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Measurement targets:  
wide range of organic 
compounds 

• amino acids

• nucleobases

• carboxylic acids

• amines

GC:  Gas Chromatography
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abundance of methane
to ppbv or better

precision measurements 
of isotopes 
of C and O

TLS:  Tunable Laser Spectrometer
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SAM suite instruments and major subsystems

• Quadrupole Mass Spectrometer

• 6‐column Gas Chromatograph (polysiloxane and carbon mol sieve)

• 2‐channel Tunable Laser Spectrometer (CH4 and CO2) 

• Gas Processing System

• Sample Manipulation System

The SAM suiteThe SAM suite
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SAM measurement modes
On board command SCRIPTS control each sequence
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Gas Flow Diagram (simplified)Gas Flow Diagram (simplified)
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SAM IntegrationSAM Integration
Integrated onto SAM frame 

and main deck

• Quadrupole Mass 
Spectrometer

• Tunable Laser Spectrometer

• 6 GC columns 

• Sample Manipulation 
System

• 2 pyrolysis cells

• 16 Gas Processing System 
manifolds

• 2 high conductance valves

• 52 microvalves

• 51 gas line heaters

• combustion & cal gases

• 2 scrubbers and 2 getters

• hydrocarbon trap

• 2 turbomolecular pumps

• 2 He tanks pressurized
to 2400 psi

• 4 heat pipes

• electronics stack

• ~ 600 m of harness wire

• Solid Sample Inlet Tubes

• thermal shields

SAM integrated into 
rover January 2011
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November 26, 2011 the Atlas V launch
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Just after touchdown                  the next day

NASA/JPL‐Caltech
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The SAM team celebrates touchdown

?
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SAM Testbed:  
Data Comparison and Script Development

SAM Testbed:  
Data Comparison and Script Development
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Atmospheric Measurements
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TLS measurements to determine isotopes for 
CO2, H2O, and sensitive CH4 detection

Today = sol 399
QMS measurements used to retrieve 
abundances and isotopes

QMS abundances

QMS isotopes

CH4 < 3.5 ppb
New Ar & N2 volume mixing ratios
40Ar/36Ar ~ 1900
δ13C = 45  per mil
δ18O = 50 per mil 

22
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Rocknest

24
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Solid Sample Analysis
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Scooped 
Rocknest 
sample

Mass spectrometer 
(QMS)

Gas chromatograph (GC)

Tunable laser 
spectrometer (TLS)

Hydrocarbon 
trap

SAM sample 
manipulation 

system

Oven
Gases are released as samples are 

heated in SAM’s oven
Gases are released as samples are 

heated in SAM’s oven

Measurement order for Rocknest
• EGA with QMS
• TLS 
• Combined GC and QMS

Measurement order for Rocknest
• EGA with QMS
• TLS 
• Combined GC and QMS

He carrier gas for both EGA and GCMSHe carrier gas for both EGA and GCMS
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Major evolved gases

Isotopes from evolved gas
• D/H in water (TLS)
• Isotopes of O, C, and S from H2O, 

O2, SO2, and CO2 measured and 
presently under analysis

Evolved gases are primarily from the 

amorphous phase revealed by 

CheMin. These include H2O (several 

%), and lesser amounts of CO2, O2, 

and SO2.

Three separate SAM experiments
Red bar ‐ sample temperature for gas 
sent to TLS
Blue bar – sample temperature for gas 
sent to GC  

Evolved Gas Analysis:  Rocknest
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Evolved oxygen may be 
from decomposition of a 

perchlorate such as 
Ca(ClO4)2

Since it is hygroscopic some 
of the released water may 

be from a Ca(ClO4)2
tetrahydrate

Higher temperature S 
containing compounds 
indicate the presence of 
sulfates or sulfides

Trace levels of other 
evolved gases are being 
analyzed (NO, HCN)

Mass 
value

Oxygen and sulfur compounds at Rocknest

28
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Chlorinated compounds found in RocknestChlorinated compounds found in Rocknest

CH3Cl, CH2Cl2, CHCl3, and a C4 compound were detectedCH3Cl, CH2Cl2, CHCl3, and a C4 compound were detected

Although the Cl in these organic compounds is Martian, it is 
presently unclear whether the carbon is Martian or terrestrial. 
This remains to be established with ongoing analysis, future 

laboratory work, and experiments on Mars. 

Curiosity’s search for organics in other environments and samples 
will continue

Although the Cl in these organic compounds is Martian, it is 
presently unclear whether the carbon is Martian or terrestrial. 
This remains to be established with ongoing analysis, future 

laboratory work, and experiments on Mars. 

Curiosity’s search for organics in other environments and samples 
will continue

SAM results show that the 
Rocknest sand drift does 
NOT contain abundant 

organics

Organic compounds that 
arrive from space in the 
form of micrometeorites 
may be transformed by a 
variety of mechanisms

• Cosmic radiation

• Ultraviolet radiation

• Hydrogen peroxide 

• Dust induced 
electrical 
discharges

• Other oxidants in 
soil/dust

Mass 
value
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Yellowknife Bay and John Klein
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Curiosity’s 1.6-cm drill bit, drill and test holes, 
and scoop full of acquired sample

NASA/JPL‐
Caltech/LANL/CNES/IRAP/IAS/LPGN

NASA/JPL‐Caltech/MSSS NASA/JPL‐Caltech/MSSS
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X-ray diffraction patterns from Rocknest (left) 
and John Klein (right)

NASA/JPL‐Caltech/Ames The drill powder contains abundant 
phyllosilicates (clay minerals), indicating 
sustained interaction with water

32
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John Klein Sample (JK4)

33
NASA/JPL‐Caltech/MSSS

An Ancient Habitable Environment

at Yellowknife Bay

• The regional geology and fine-grained rock suggest that the 
John Klein site was at the end of an ancient river system or 
within an intermittently wet lake bed

• The mineralogy indicates sustained interaction with liquid 
water that was not too acidic or alkaline, and low salinity.  
Further, conditions were not strongly oxidizing.

• Key chemical ingredients for life are present, such as carbon, 
hydrogen, oxygen, phosphorus, and sulfur

• The presence of minerals in various states of oxidation would 
provide a source of energy for primitive organisms

34
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Curiosity set off for Mount Sharp on July 4, 
passed its landing site, and continues on…

NASA/JPL‐Caltech/Univ. of Arizona

Sol 376
(late August)
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Layers, Canyons, and Buttes of Mount Sharp

This boulder is the 
size of Curiosity

NASA/JPL‐Caltech/MSSS
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Mission PI Bruce Jakosky

University of Colorado

PI of Mass Spectrometer Instrument

Paul Mahaffy

NASA Goddard Space Flight Center

Mars Atmosphere and Volatile EvolutioN 
(MAVEN) Mission

39

MAVEN Science Objectives
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The Neutral Gas and Ion Mass Spectrometer

41 The Neutral Gas and Ion Mass Spectrometer 42

MAVEN – designed to determine the role that loss of 
volatiles to space has played through time and 
provide answers about Mars climate history 

Launch date:  November 18, 201343
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