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Curiosity’s}?imar‘i 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

Stephanie.A.Getty@nasa.gov
Paul.R.Mahaffy@nasa.gov
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Recent Results from Curiosity’s SAM Instrument

oo and Looking Ahead to MAVEN
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Solid Sample Inlets

Quadrupole Mass Spectrometer

Atmospheric Inlets

Wide Range Pump

and Processing Laboratory
Tunable Laser
Spectrometer Sample Manipulation System

Gas Chromatograph
and Housing

QMS: Quadrupole Mass Spectrometer

Previously flown on

Cassini Orbiter
Cassini GCMS
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GPMS spectra in the 17 to 18.5 bar region of Jupiter's atmosphere
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Pyrolysis/EGA: Evolved Gas Analysis Wet Chemistry: Derivatization Expts

9 total derivatization cups
7 cups with foil-sealed MTBSTFA in DMF

Sample temperatures up to for hydroxyl group derivatization

1100°C can be reached mein 2 cups with TMAH in MeOH for
thermochemolysis

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

GC: Gas Chromatography TLS: Tunable Laser Spectrometer

Measurement targets: 18 1 T ol o abundance of methane
wide range of organic 1 1 | | i r 5 to ppbv or better
compounds t i I

amino acids ; K. h ) | . precision measurements
of isotopes

nucleobases
of Cand O

carboxylic acids

amines
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“ Just after touchdown the next day

SAM Testbed:

Data Comparison and Script Development
. )

= The SAM team celebrates touchdown
CORIUSITY




Atmospheric Measuremen
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Ar ratio

|

Arf

36

"ArAr - a robust signature of atrmaspheric loss from Mars

Iuginer

Primordial argon (Ar)

i

Today = sol 399

QMS measurements used to retrieve
abundances and isotopes

TLS measurements to determine isotopes for o
CO,, H,0, and sensitive CH, detection CH4 < 3.5 ppb
New Ar & N, volume mixing ratios
40Ar/36Ar ~ 1900
813C = 45 per mil
680 = 50 per mil

Rocknest



Solid Sample Analysis

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

He carrier gas for both EGA and GCMS

Measurement order for Rocknest
+ EGAwith QMS
e TLS
Combined GCand QMS

Evolved gases are primarily from the
amorphous phase revealed by
CheMin. These include H,0 (several
%), and lesser amounts of CO,, 0,,
and SO,.

Isotopes from evolved gas

* D/Hin water (TLS)

* Isotopes of O, C, and S from H,0,
0,, SO,, and CO, measured and
presently under analysis

Three separate SAM experiments

Red bar - sample temperature for gas
sent to TLS

Blue bar — sample temperature for gas
sent to GC

detecior counts/sec

Scooped
Rocknest
sample

SAM sample
manipulation
system

Hydrocarbon
trap

Tunable laser
spectrometer (TLS)

m32
m34
+ mbBd
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Mass spectrometer
(QMms)

Oxygen and sulfur compounds at Rocknest

Gas chromatograph (GC)

Evolved oxygen may be
from decomposition of a
perchlorate such as
ca(clo,),

Since it is hygroscopic some
of the released water may
be from a Ca(ClO,),
tetrahydrate

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

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




Chlorinated compounds found in Rocknest

CH,Cl, CH,Cl,, CHCl;, and a C, compound were detected
SAM results show that the

Rocknest sand drift does
NOT contain abundant
organics

Mass
value

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

- % * Cosmic radiation
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* Ultraviolet radiation

* Hydrogen peroxide
Although the Cl in these organic compounds is Martian, it is * Dust induced
presently unclear whether the carbon is Martian or terrestrial. electrical
This remains to be established with ongoing analysis, future discharges
laboratory work, and experiments on Mars. + Other oxidants in
soil/dust
Curiosity’s search for organics in other environments and samples

will continue

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

NASA/JPL-Caltech/MSSS INASA/JPL-Caltech/MSSS

“ Curiosity’s 1.6-cm drill bit, drill and test holes,
emigsTy and scoop full of acquired sample
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Yellowknife Bay and John Klein
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Crossbedded layers

Aocknest wand shadow Jahn Eledn drill powder

The drill powder contains abundant
phyllosilic clay minerals), indicating
sustained interaction with water

N X-ray diffraction patterns from Rocknest (left)
coripsiry and John Klein (right)
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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

NASA/IPL-Caltech/MSSS

Sol 376
(late August)

/Univ. of Arizona

[ Curiosity set off for Mount Sharp on July 4,
gmﬁ‘ﬁ passed its landing site, and continues on...
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Mars Atmosphere and Volatile EvolutioN
(MAVEN) Mission
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Mission Pl Bruce Jakosky
University of Colorado

NASA/IPL-Caltech/MSsS

PI of Mass Spectrometer Instrument
Paul Mahaffy

Layers, Canyons, and Buttes of Mount Sharp NASA Goddard Space Flight Center

dnﬂ“f What Science Questions Will MAVEN d‘"ﬂ“En MAVEN Will Measure the Drivers,

L Lk L Address? Reservairs, and Escape Rates
MAVEN will defermine the role thal loss of volatiles fo spece has played B

through time, providing definifive answers about Mars ciimale history: - 'E,J
* What is the current state of the upper atmosphere and what processes . =

control it? ﬂ ’&J

: % AT EwEA

« What is the escape rate at the present epoch and how does it relate lo

the controlling processes? i

[T

+ What has the total loss o space been through time?
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* MAVEN will datarming the presant + Essential measurements allow
staie of tha upper atmosphere and delermination of tha nal integrated loss io
9 today' & rates of loss to space. spaca through timea &
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The Neutral Gas and lon Mass Spectrometer
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MAVEN — designed to determine the role that loss of
volatiles to space has played through time and
provide answers about Mars climate history

e
Launch date: November 18, 2013

Stephanie.A.Getty@nasa.gov
Paul.R.Mahaffy@nasa.gov
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