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Drilling on the Martian
Surface with Curiosity
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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

Geology and geochemistry L

. ;-‘__

Water, weather, and climate o _
Radiation levels and hazards

Biological potential )
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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
cun"ﬁmﬁ have recorded environmental changes over time.




Ancient river
and debris fan
on crater floor

NASA/JPL-Caltech

Water-Related Geology
and Minerals around
Mount Sharp

Cemented
Fractures

Milliken et al., 2010
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Sampling Capability
SA/SPaH acquires rock and regolith samples

« Powdered rock at depths of 20 to 50 mm from a wide variety
of rocks (Drill)

 Loose regolith with the Scoop (CHIMRA)

SA/SPaH sieves the acquired material into fine
particles (CHIMRA)

e Sub-150 micron or sub-1 mm size sieving

SA/SPaH delivers small portions to SAM and Chemin
(CHIMRA)

e Multiple portions of 45 to 65 mm?3 from sub-150 micron
material

Single portion of 45 to 130 mm? from sub-1 mm material

s Curiosity’s Sampling System
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Rocknest Scooping Campaign
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Scooping Campaign at Rocknest: sol 6

Sol 67 image







from the ripple’s surface, and fine (< 0.25
mm) sand on wall and floor of trench




Major gases released on heating

LIL] 1 First Rocknest
1LY, sample analyzed by SAM

H,O vapor

intensity

Sulfate

200 400
INASA/JPL-Caltech/GSFC sample temp (deg C)

Hot

SAM found evidence for water, sulfate minerals, Fe/Mg
carbonates, and chlorate/perchlorate compounds




Curiosity self-portrait
at Rocknest

Assembled from 55
MAHLI images

Shows four scoop
trenches and wheel
scuff

£ 6 1T ol ’ h 7 TR
_;-*——”'f I";'.Lf_’—.r ,,j ,;, s g&‘ 2 ‘T \
g AT T AR B e

!
=2 o ) -
AW S e
AR TN T e RSN
|

& f ¥ s T p -\_.J“.-‘ cce |
OF | o NASA/IPL-Caltech/MSS:



Exploration of
Yellowknife Bay




the Drill

Sample chamber
inside the Bit

Drilled Powder enters

[~ ™~ Powder exits




Target Assessment Meetings (TAM)

e Scientific rational behind the campaign

e Understanding the surroundings
— Sample is accessible from the arm
— Relatively flat surface
— Big enough target to pre-load
— Slip Risk
— Tip/Tilt
 Bulk Properties
— Have we drilled something like it in the past?
— If not how concerned are we?
— Will the material act like fines?




Example activities for drilling campaign

e Activities:
— Mini Start Hole (3-4mm depth)
— Mini-Drill Hole (2 cm depth)
 Mainly to observe the material properties
— Single full depth drill hole (5-6cm depth)
— Sample processing: Sieve sample to 150 micron

— Delivery to CheMlin, followed by delivery to SAM (if
requested)

— Sample caching




"HUMMOCKY
PLAINS

CRATERED
UNIT

NASA/JPL-Caltech/Univ. of Arizona

BT Curiosity and its tracks captured by
cURioSTY HiRISE on the Mars Reconnaissance Orbiter
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NASA/JPL-Caltech/U. Guelph

vein-rich rock
unbrushed rock
brushed rock

Composition / Portage soil

APXS sees sulfur and
calcium in vein-rich rock

Removing the dust
results in slightly lower

sulfur
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at Yellowknife Bay




RTMN Curiosity’s 1.6-cm drill bit, drill and test holes,
cuRiosiTy and scoop full of acquired sample

Bl




NASA/JPL-Caltech/MSSS

John Klein dime-sized drill hole with light-toned
veins and ChemCam profile




Rocknest sand shadow _ John Klein drill powder

NASA/JPL CaItech/Ames

The Sheepbed mudstone at Yellowknife Bay contains ~ 20%
clay minerals that formed in place. The bulk composition IS




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.
Furthermore, conditions were not strongly oxidizing.

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

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

NASA/JPL-Caltech/MSSS




_@ Imaging of hardware after sol 1202




Image of 150u sieve as of 1202




ChemCam RMI of 150u sieve as of 1202

MARS¥'S
v ]I.ABDMTORYv

image curtesy of Olivier Gasnault




Yellowknife Bay
to the Kimberley
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Bonanza King: A successful failure
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History of CHIMRA at Gale

We have utilized Primary Thwack 24 times on Mars
It was used 19 times in testing on the Earth

Scoop 1-4 (Sol 61 to 81)
— Standard Clean All after scooping. This includes multiple Primary Thwacks. Done after scoop 4 on sol 81.

Scoop 5
— Clean All occurred on sol 128. No Primary Thwack or Secondary Thwack. Just vibration.
— A Secondary Thwackless Clean All occurred on sol 173

John Klein
— Secondary Thwack Clean All on sol 229.

Cumberland
— Thwackless Clean All on sol 486.

Single Primary Thwack Clean All before Windjana on sol 576
Single Primary Thwack Clean All after Windjana on sol 704

Single Primary Thwack Clean All after Confidence Hills on sol 840
Single Primary Thwack Clean All after Mojave on sol 894

Single Primary Thwack Clean All after Telegraph Peak on sol 1048
Single Primary Thwack Clean All after Buckskin on sol 1089
Single Primary Thwack Clean All after Big Sky on Sol 1133

Single Primary Thwack Clean All after Greenhorn on Sol 1202

(24x on Mars/43x total)
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W Curiosity’s traverse to the Kimberley, via
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Curiosity at the Kimberley, where four rock
types typical of Gale’s plains come together
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The Trek to Mt. Sharp,
The Ultimate Destination




NASA/JPL-Caltech/MSSS

€ Mount Sharp

centmle'lers
ﬂ 20 40 60 BO ‘IGD

River
deposits

Lake deposits Delta deposits

Cur|05|ty IS explorlng a hypothesis that southward-tilted
; sandstone beds on Gale Crater’s plains indicate fluvial
mw..%gm transport of sediment toward Mount Sharp, building up lake
CURIUSITY deposits there.




NASA/JPL-Caltech/ESA/DLR/FU Berlin/MSSS

= An illustration of lake partially filling Gale Crater. If such a

@ lake existed for millions of years, it would have required a
CURIUSITY more humid climate and active hydrological cycle.
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B Curiosity’s ultimate goal is to explore the
l:lllﬂmﬁ lower reaches of the 5-km high Mount Sharp




F At Marias Pass, Curiosity investigated the geological contact
Bersere between the Murray formation that forms the base of Mount
CURIOSIT Sharp and a later, but ancient, sand deposit




Curiosity’s Extended Mission will explore Mt. Sharp, with an
emphasis on understanding the subset of habitable
environments that preserve organic carbon




NASA/JPL-Caltech/MSSS




SHERLOC: Scanning

Habitable Environments with
Raman and Luminescence __
for Organics and Chemicals *

o

Luther Beegle, PI : )
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Rohit Bhartia, Deputy Pl * 3

SHERLOC: an instrument
overview.




The Rover

Mars 2020 Rover

Mastcam-Z
Calibration Target

MEDA Electronics &
Pressure Sensor

SuperCam RIMFAX Electronics

Calibration Target

SuperCam
Body Unit

Mastcam-Z
Electronics SuperCam Mast Unit I
/ 2 x Mastcam-Z
P PIXL Electronics Unit 1

PIXL Sensor
at.f/ SHERLOC Sensor

. 44— PiXLCal
o Target

3 x Temp. Sensors
(& |

SHERLOC
Electronics
Assembly

(not identified in
NASA press
release)



Preparing for future Humans: D
Space Suite material!

. RV Silicone

« HEOMD EVA Suit Targets ) N
— Orthofabric (outer layer of EVA el N
Suit outergarment)

— 30z. Teflon fabric (outer layer of 7
glove, back of hand, gauntlet)

— Polycarbonate (helmet visor)
— RTV silicone (glove palm)

— Vectran (glove palm)

— Spectra (EVA suit structural

element)
— 60z polyester (EVA suit ¥ 4 ol S
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