ASSESSING GALE CRATER AS A
POTENTIAL HUMAN MISSION
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155-km Gale Crater contains a 5-km high mound of
stratified rock. Strata in the lower section of the mound
are composed of clays and sulfates, while the upper
mound is dry, suggesting transition from ‘wet’ Mars to
‘dry’ Mars (Late Noachian to Early Hesperian?).
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Rocknest sand has a typical Mar:
composition, but also 1.5-3% bound water.
Both a water and food growth medium. =

Rocknest sand is composed of
unaltered basaltic minerals, typical
of rocks and soils on Mars

Samples also contained 30-45%
non-crystalline material, containing
volatiles, sulfur, calcium, and
perhaps nanophase ferric oxide.
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REMS pressure measurements re A , | / \
mesoscale, and planetary phenomena e §
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REMS takes hourly
T L measurements with
occasional 1-Hz
extended sessions

Daytime convective
vortices are present,
but no dust devils
have been observed

tlllllll

:“ o

LY

Diurnal thermal tides
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crater topography

Pressure, Pa

Sol= 16
2o 16 The CO, pressure
cycle at Gale also
has components due
to elevation and
planetary

circulations

1 1I2 1
Hour, LTST

o
N
AN




The RAD instrument measured the ra bo b
galactic cosmic rays and solar energetlc partlc es in crmse

at Mars’ surface.

S nergetic Partlcles
(S olar Particle Eventsor
Coronal Mass Ejections) >

ot
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The surface dose rate is about
half that measured in cruise

A crewed mission would receive
~1 Sievert of exposure in a trip to
Mars with 500 sols on the surface

[Hassler et al., 2014]

—— RAD dose rate
e REMS Pressure

21.000 22.000 23.000 24.000 25.000 26.000
S Sols Since Landing

Curiosity’s Radiation Assessment Detector
measures high-energy radiation



Atmospheric Gas Abu
by SAM
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SAM also found that Mars’
atmosphere is enriched in
the heavy versions of
isotopes, indicating
massive atmospheric loss
to space
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Methane HAS been
definitively detected
Upper limit = ~7 ppb

SAM found that argon,
rather than nitrogen is the
second most abundant gas




Major gases released from John Klein s
and analyzed by SAM

= Poo

g | .’°.O°o :’, “e  SAM evolved gas experiment suggests presence
) y .J. of perchlorates, carbonates, sulfates, & sulfides
7) H 20 ® ® ‘ (signal scaled for each gas to illustrate temperature evolution)
’G-J o‘ L

O - e high temperature water

& , " Y ) release indicates clays

O ®

I :

2 :

o o

p: $

A | g

©

R

200 400 . 600 800
sample temperature (centigrade) — asaipLcaltech/asic



Tracking Science Observations
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Felsic vs. Mafic

e SR e
15t EZ Workshop for Human M|55|ons to Mars

ChemCam identified two principal soil types = Mafic soil component has hydration

along the traverse to Yellowknife Bay: a fine- signature, corresponding to the X-ray
grained, mafic type similar to other soils, and amorphous component sampled by CheMin
a locally derived, coarse-grained felsic type. and SAM.
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Meslin et al. [2013]
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ISRU Resource Number;: Water 2

§
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e Water

— Based on Leshin et al. (2013), Rocknest sands
contained up to 3 wt% H,0 via SAM, Bagnold
Dune field contains 10%-10° MT adsorbed water.

— Easy to process. Potentially ‘reuseable’.

Replace With: EZ Location Name 21



ISRU Resource Numbers: Metals |

§
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e Aluminum and Silicon

— ISRUO1 rocks on average have ~12 wt% Al and
~55-60 wt% Si. ISRUO2 rocks, ~18 wt% Fe.

— Assuming rock density ~2.5 gm/cc:
* 300 kg/m3 Al (ISRUO1)
« 1375-1500 kg/m3Si (ISRUO1)
e 450 kg/m3Fe (ISRU02)

Replace With: EZ Location Name 22
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SRIg09 Harrlson lat, I
-4.62617745, 137. 40955945 -4489.114 m




Cumberland Drill Site with martian organic detection:
lon., lat, elev: 137.44909593, -4.58951574, -4520.029 m
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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.
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




How Close are Distal Science ROls

Gale Crater Rim 25 km away 10 km away

6 km away
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Science ROI(s) Rubric
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Resource ROI(s) Rubric
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DATA NEEDS



Gale HiRISE
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Highest Priority EZ Daté Needs

15t EZ Workshop for Human Missions to Mars

* HiRISE Stereo of traverse exiting Gale crater to the

north via Peace Vallis.

 CTX and/or HiRISE Stereo along traverse route outside Gale
crater to potential volcanic unit.

Replace With: EZ Location Name 34



[in order of priority: addressing threshold first, then qualifying]

SCIENCE ROils

Gale Crater EZ

35



Science ROI: Dateable Rocks =

SRIg07-11

15t EZ Workshop for Human Missions to Mars

* SRIg07 Becraft (lat,lon)

-4.6152702, 137.42078452, -4498.119 m
* SRIg08 Clinton (lat,lon)

-4.62615916, 137.40954931, -4489.232 m
*  SRIg09 Harrison (lat,lon)
-4.62617745, 137.40955945, -4489.114 m
* SRIg10 Little Wind River (lat,lon)
-4,59700021, 137.4369205, -4500.566 m
* SRIgl1 Sparkle (lat,lon)

-4.62620416, 137.40957441, -4489.030 m

* Dateable Crustal (?)
Rocks

Gale Crater EZ 36



[in order of priority: addressing threshold first, then qualifying]

RESOURCE ROlIs

Gale Crater EZ

37



Resource ROIT

15t EZ Workshop for Human Missions to Mars

TBD e Latitude, longitude, altitude
and current imaging
available

e Describe characteristics of
RROI 2 relevant to
addressing the potential for
acquiring resources required
to support human missions

Gale Crater EZ 38
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Prioritization List of EZ Data Needs

15t EZ Workshop for Human Missions to Mars

* Provide a prioritized list of orbiter data to be collected to
assess the (A) science potential and (B) resource potential
of the EZ. For each request, this list should include:

— Instrument name
— Latitude and Longitude of center of image
— A short justification/rationale for this request

» See following slide for detailed information about available
datasets

* The HLS? Steering Committee will examine the requests
and priorities
* All requests will be made through a central/specified POC

Replace With: EZ Location Name 40



EDL/ISRU Require

15t EZ Workshop for Human Missions to Mars

* Meets all EDL Requirements
— Between +/- 50 degree latitude (near equator)
— <2 km MOLA altitude (well below) (~6 km below)
— Area ~25 km? with < 10 degree slopes (MSL qualified)
— Low dust (MSL qualified)
* |ISRU Resource Requirements
— Access to water in dune sands with >>100 MT capability. (Calculated from SAM/CHEMCAM)
— Region for infrastructure and small cobble-sized rocks/loose regolith for construction
— Raw material for feedstock: Fe, Al, Si. (CHEMCAM insitu measurements)

— Increased atmospheric density provides margin for parachute and powered descent.

— Atmospheric environment (temperature, pressure, wind) characterized by min. 2 years in-situ measurem
(REMS onboard MSL, as well as NAVCAM Tau)

— Thick atmosphere provides additional radiation shielding: ~25-32 gm/cm”2 at 90-degree (overhead); 6-8 gm/cm”2
better than other rover sites.

— Radiation hazard has been characterized by in-situ measurements (RAD onboard MSL) at ~1.01 Sv for a Mars
mission.

— Terrain: ~10 km of stereo NAVCAM data (~1 cm/pixel or better). (MER Oppy has 42+ km. MER Spirit ~7.7 km)
— Low dust, low slope

41



Science Requirements

15t EZ Workshop for Human Missions to Mars

* Science Requirements

— Access high preservation potential for organics and habitability
(Yellowknife Bay lake sediments containing Martian organics)

— Noachian and/or Hesperian rocks in stratigraphic context (Crater
rim (Noachian) and lower mound (Hesperian)

— Exposure of at least 2 crustal units for radiometric dating (Nearby
Noachian crust and Hesperian units to north)

— OQOutcrops indicative of aqueous environments/groundwater
interaction (Yellowknife Bay mudstones, Bradbury Rise
conglomerates, Gypsum veins at Pahrump)

— ldentifiable stratigraphic contacts and cross-cutting relationships
— Other diverse ROIs (Barchan dunes, potential methane

release, etc.)




Why Gale Crafér?

15t EZ Workshop for Human Missions to Mars

* Scientifically Diverse

— Multiple fluvial environments documented: stream deposited
conglomerates to lake mudstones. (e.g. Williams et al., Science, 2013.
Grotzinger et al., Science, 2013.)

— Detection of methane above background. (Webster et al., Science, 2014)

— Indigenous Carbon sources, NASA/JPL press release,http://mars.nasa.gov/
msl/news/whatsnew/index.cfm?FuseAction=ShowNews&News|D=1767,
2014

— Indigenous Nitrogen sources
— Definitive habitable environments

— Martian highlands and lowlands within 10’s km distance from current MSL
landing site.

— Water resources from dune sediments (e.g. Rocknest, Bagnold?)
Leshin et al., Science, 2013.




Reference Mission Goals
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* |Inregards to Mars design reference architecture (DRA) 5.0.
— Gale crater easily meets all the science and engineering goals for the DRA (I-V)

— two mission types were proposed: “short-stay” with 30-90 days on the surface
(500-650 days total) and “long-stay” with 500+ days on Mars (~900 days total).

— “Short-stay” missions were ruled out partially because of insufficient time for
assessing and collecting diverse samples.

— Gale crater offers crustal material within ~20 km at the rim, Aeolis Mons (Mt.
Sharp) clay to sulfate transition within ~15 km, primary alluvial fan material <5 km
and fluvially derived conglomerates and clays, some lacustrine, upon landing in
many areas of the current MSL ellipse.

— The Isidis/Syrtis reference landing site in DRA 5.0 had most scientific features well
beyond the safe ‘walk-back’ distance of ~20 km from a centrally located habitat.

— Many known scientific outcrops at Gale crater are well within this distance if the
human habitat where placed within the current MSL landing ellipse.

— Outcrops would be close, safe, and pre-characterized sufficiently by Curiosity to
allow short or long-stay missions.

* Conclusion: Gale crater provides
excellent EDL and science opportunities

for a human-rated mission .
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Color HIiRISE of Bradbury Rise and Yellowknife bay



Insitu Data Products Provide ==
Unparalleled Surface Details

15t EZ Workshop for Human Missions to Ma
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MOLA->HRSC->CTX->HIRISE

Visible imagery coverage downto =
0.25 m/pixel over entire ellipse and
nominal science ‘go to’ area for the |
next 5 years or so.

DEM mosaic at all levels (HRSC=50
m/p, CTX=25m/p, HiRISE=1m/p)

Equirectangular Projection
Sphere radius 3396190 m

positive East, -180/+180

clon=0

Meters

GeoTIFF (BIG) -> File Geodatabase




Gale Crater CTX DEM Mosaic

ALK

aYalal7a ghan Missions to Mars

12 CTX Stereo
Pairs

e DEM Vertical
resolution ~20 m

e DEM Horizontal
pixel size: 20 m

e CTX Orthophoto
6 m/pixel

* Western and
Eastern most
DEMs noisy (see
hillshade data)

* DEM mosaic
leveled to HRSC &
MOLA

~ * Seams between

' DEMs from 0-40

m offset
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