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Curiosity’s Science  
Objectives 
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Carbon C 
Hydrogen H 
Oxygen O 
Nitrogen N 

Phosphorus P 
Sulfur S 

 

What makes a habitable environment? 

%&�(�����/�0����(����1�
Major Biogenic 

Elements 
(Building Blocks) 

 Energy 

e.g. Sunlight 
(photosynthesis) 

Chemical 
(Food) 
Thermal 

 

Liquid   
(chemistry) 

 

Water + + =    ? 
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Location  Size Dynamics + + +    Time 
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+  Thermal environment +     ???? 



•  )��������
����$���&���������	������������
•  )��������
��������������������������
����������
•  )��������������������������������%���%�
�������������*�

�������
•  +����������������
��,��%�����
������������������
�

�����
•  �������������������������%���������������#�������

��%���%�
����������
������-����������������
�������
�����������

������������
��(���&������&���+��&����*�����*���*��&���*���������



Curiosity’s Science Payload 
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Curiosity’s Science Payload 

ChemCam 
(Chemistry) 

Mastcam 
(Imaging) 

REMS 
(Weather) 

DAN 
(Subsurface 
Hydrogen) 

SAM 
(Chemistry 

and Isotopes) 
CheMin 

(Mineralogy) 
MARDI 

(Imaging) 

APXS 
(Chemistry) MAHLI 

(Imaging) 
RAD 

(Radiation) 

Drill 
Scoop 
Brush 
Sieves 



In depth Analysis:   
Instruments that ingest samples 

SAM:   
Identifies Organics,  

the Chemical  
Building Blocks of Life 

CHEMIN:   
Identifies Minerals, 

including those  
formed in water 

In Body In Body 

CHEMIN:   
Identifies Minerals, 

including those  
formed in water 

SSSSSSSSAAAAAAAAMMMMMMMM:   
Identifies Organics,  

the Chemical  
Building Blocks of Life 
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Tunable Laser Spectrometer ������������������
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�assessment includes 

INVENTORY OF ORGANIC 
COMPOUNDS 

CHEMICAL, ISOTOPIC, & 
MINERALOGICAL COMPOSITION
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Heat shield separation captured 
by Curiosity’s Mars Descent Imager 
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Curiosity on parachute, imaged by 
HiRISE on the Mars Reconnaissance Orbiter 
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Casting our own shadow 

"�#�	�$%�����&�



 �
�����;����������!�����
��%��������

<=�(�09�� �E066�.0�4�
E  ���������������  �(���������

E  
(��������*����.�����
�&�(�������������&��*�����

E  ����������(��������������

?=���	.(�� �/ �/��
E  ���*�������(������

E  ��(�������D����@���*�
������&�(������

H=��./(0�(�
 ���/���

E  /�(������D����D����
*����

E  %&�(�������*�&��*$
������������������D�
�������.���������

I=� 0	65��0�C1� �(�./E0/058 � �
E  ������������������������*������������
*������������(����(�����������������������������
�&�������F������������(�����

E  ����B����D���(������������������������������
�������������(��������*������������������
����������&�(������

6��&���������(�����0�����(�������G����H4���
/����������������+�*����6���&���D����(�������������&����I���������4���
'���&�����*���*������(���������������������������4�

�����
����������������������������������������������������������������������������������

�����������������������������
�������������������



���������	���������



Location context: Gale Crater and Mount Sharp 
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Target: Gale Crater and Mount Sharp 
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Curiosity progressed toward Glenelg, where 
three distinct terrain types meet 
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Rocknest Scooping Campaign 



Windblown “sand shadow” at the Rocknest site 
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Wheel scuff 
to confirm 
depth of 
sand, for 
safe 
scooping 
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"�#�	�$%�����&#����� MAHLI view of coarse (0.5 to 1.5 mm) sand 
from the ripple’s surface, and fine (< 0.25 
mm) sand on wall and floor of trench 
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Curiosity’s Rover Environmental Monitoring 
Station is taking weather readings 24 × 7 

REMS’ ground and 
air temperature 
sensors are located 
on small booms on 
the rover’s mast 

The ground 
temperature 
changes by 90°C 
(170 degrees 
Fahrenheit) 
between day and 
night 

The air is warmer 
than the ground at 
night, and cooler 
during the morning, 
before it is heated 
by the ground 
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REMS pressure measurements detect local, 
regional, and global weather phenomena 

Each day the 
pressure varies by 
over 10%, similar to 
the change in 
pressure between 
Los Angeles and 
Denver 

Solar heating of the 
ground drives a 
pressure “tidal 
wave” that sweeps 
across the planet 
each day 

"�#�	�$%�����&#%?3%�
%$
",5#>�
#�&�(��/������&� Earth’s atmosphere = 101,325 
Pascals, or about 140 times the 
pressure at Gale Crater 

Overall, the pressure 
is increasing as 
carbon dioxide 
sublimates from the 
southern seasonal 
polar cap 



Curiosity’s Radiation Assessment Detector 
measures high-energy radiation 

RAD observed 
galactic cosmic 
rays and five solar 
energetic particle 
events traveling 
from Earth to Mars 

Mars’ atmosphere 
partially shields the 
surface from 
radiation.  When the 
atmosphere is 
thicker (higher 
REMS pressure), 
RAD measures less 
radiation. 
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Curiosity’s Dynamic Albedo of Neutrons 
experiment sounds the ground for hydrogen 

DAN sends ten 
million neutrons 
into the ground, ten 
times a second 

The “echo” back is 
recorded.  If 
hydrogen is present 
in the ground, 
perhaps in aqueous 
minerals, some 
neutrons will collide 
and lose energy 

"�#�	�$%�����&#/�������������/������&�
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DAN is used to 
survey the upper 
one meter of the 
ground below the 
rover as it drives 
along 
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The conglomerate “Link” with associated 
loose, rounded pebbles 
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ChemCam spectra of Coronation 
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Drill Campaign at 
John Klein, Yellowknife Bay 



Heading into Yellowknife Bay 
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Postcards from 
Yellowknife Bay 
showing a diversity of 
rock types, fractures, 
and veins 
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“Sheepbed” rocks contain 1 to 5-mm fractures filled 
with calcium sulfate minerals that precipitated from 
fluids at low to moderate temperatures 
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John Klein drill site showing fractured bedrock 
and ridge-forming veins 
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Targets studied to prepare for drilling 
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APXS and the dust-removing brush 
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APXS sees higher sulfur and 
calcium in vein-rich rock 
 
Removing the dust results in 
slightly lower sulfur 
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Arm deployed at John Klein 
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Curiosity’s 1.6-cm drill bit, drill and test holes, 
and scoop full of acquired sample 
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ChemCam laser shots of brushed rock and drill 
tailings pile 
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“Wernecke” 
Sol 169 



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

"�#�	�$%�����&#(��� The drill powder contains abundant 
phyllosilicates (clay minerals), indicating 
sustained interaction with water 



Major gases released from John Klein sample 
and analyzed by SAM 
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SAM analysis of the drilled rock sample reveals water, carbon dioxide, 
oxygen, sulfur dioxide, and hydrogen sulfide released on heating.  The 
release of water at high temperature is consistent with smectite clay minerals. 



Curiosity’s ultimate goal is to explore the 
lower reaches of the 5-km high Mount Sharp 
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One last thing before questions…�



From McBirney 1993 



From McBirney 1993 
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