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Nili Fossae Talks

1. Kevin Cannon: Introduction and science overview (15)

2. Hadarou Sare: Mineralogy (15)

3. Livio Tornabene: Importance of Hargraves ejecta (20)

4. Haley Sapers: Impacts & Astrobiology (20)

5. Kevin Cannon: Summary (5)



Nili Fossae Highlights

1. Unique access to subsurface crustal refugium that was 
protected through the Noachian

2. Samples of pristine Hesperian lavas and possible Isidis/
Hargraves melt will pin absolute ages to cratering chronology

3. In ancient, complex region of Mars, geologic history at Nili is 
actually quite straightforward
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Trough fill
Syrtis lava

Hargraves ejecta

Al clays

Low-calcium pyroxene (LCP)/clay Noachian crust
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Interpreted Section

Olivine 
+Carbonate 
±Serpentine



Low-calcium pyroxene (LCP)/clay Noachian crust
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Geologic History



Low-calcium pyroxene (LCP)/clay Noachian crust
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Geologic History
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Trough fill

Low-calcium pyroxene (LCP)/clay Noachian crust

Geologic History
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Syrtis lava

Low-calcium pyroxene (LCP)/clay Noachian crust

Trough fill

Geologic History
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Hargraves ejecta

Low-calcium pyroxene (LCP)/clay Noachian crust

Trough fill
Syrtis lava

Geologic History
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Al clays
???
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Geologic History



Waypoint

ROI #2

ROI #1

Nili Fossae Campaign

13



Nili Fossae Campaign

ROI #1

ROI #2

Waypoint
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Nili Fossae Campaign: ROI 1

ROI #1
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ROI #1: Hargraves Ejecta

100 m
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ROI #1: Hargraves Ejecta

100 m
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ROI #1 Science

Hargraves provides access to a subsurface refugium that was 
protected through the Noachian

18
H2 from high-T serpentinization

CH4 from high-T serpentinization

H2 from radiolysis

H2 from low-T serpentinization

Cryosphere

Groundwater  
circulation

- Mustard & Tarnas 2017 (LPSC); 
Sherwood Lollar et al. 2014; 
Michalski et al. 2013



ROI #1 Science

Hargraves provides access to a subsurface refugium that was 
protected through the Noachian

Impact craters create their own habitable environments 
through hydrothermalism, creation of porous impactites
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- from Pontefract et al. 2016
- from Osinski et al. 2013



ROI #1 Science

Hargraves provides access to a subsurface refugium that was 
protected through the Noachian

Impact craters create their own habitable environments 
through hydrothermalism, creation of porous impactites

Questions: Are there preserved impact glasses from Hargraves? 
Were all the clays excavated or did some form as part of a post-
impact hydrothermal system?
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ROI 1 Samples

Hargraves 
impact melt, 
glasses

Unaltered 
crustal 
materials

Altered 
clay-rich 
rocks

Impactites 
Geochronology 
Search for organic 
carbon, biosignatures

Noachian igneous/ 
impactites 
Geochronology 
Petrology

Altered Noachian 
crustal rocks 
Search for organic 
carbon, biosignatures
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Nili Fossae Sample Cache

ROI 1
Hargraves 
impact melt, 
glasses

Unaltered 
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Altered 
clay-rich 
rocks
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Nili Fossae Campaign: Waypoint

Waypoint
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Waypoint: Trough Fill Clays & Syrtis Lavas
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100 m



Waypoint Science

Pristine Hesperian lavas will give crystallization ages that are 
coincident with emplacement of the crater-counted unit: an 
essential anchor point for Martian chronology
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- from psi.edu

http://psi.edu


Waypoint Science

Pristine Hesperian lavas will give crystallization ages that are 
coincident with emplacement of the crater-counted unit: an 
essential anchor point for Martian chronology

Trough fill represents clay-bearing sedimentary rocks: 
potentially habitable environment
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Waypoint Science

Pristine Hesperian lavas will give crystallization ages that are 
coincident with emplacement of the crater-counted unit: an 
essential anchor point for Martian chronology

Trough fill represents clay-bearing sedimentary rocks: 
potentially habitable environment

Questions: What depositional environment were the clays 
deposited in? Do they contain preserved organic matter?
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Waypoint Samples

Syrtis Major 
lava

Trough fill 
clay-bearing 
unit

Igneous rocks 
Geochronology 
Igneous petrology

Sedimentary rocks 
Search for organic carbon, 
biosignatures 
Sedimentology
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Nili Fossae Sample Cache

ROI 1

Waypoint
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impact 
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Nili Fossae Campaign: ROI 2

ROI #2

30
2 km



ROI #2: Clay/LCP Noachian crust; Carbonates

500 m
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ROI #2: Clay/LCP Noachian crust; Carbonates
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Al-clay

Olivine 
+carbonate

Fe/Mg-clay

Serpentine

Low-calcium 
pyroxene
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ROI #2 Science

Intact section of altered ancient Noachian crust records 
prolonged water-rock interaction, potential subsurface 
biosphere
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ROI #2 Science

Intact section of altered ancient Noachian crust records 
prolonged water-rock interaction, potential subsurface 
biosphere

Diverse mineralogy including olivine-carbonate-serpentine 
assemblage
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ROI #2 Science

Intact section of altered ancient Noachian crust records 
prolonged water-rock interaction, potential subsurface 
biosphere

Diverse mineralogy including olivine-carbonate-serpentine 
assemblage

Questions: What is the Noachian crust made of, and in what 
type of environment was it altered? Did the carbonate and 
serpentine form as part of a serpentinizing system? 
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ROI 2 Samples

Olivine 
+Carbonate 
±Serpentine
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(clay-rich) 
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crust
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impactites 
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biosignatures
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Nili Fossae Sample Cache
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Nili Fossae Sample Cache
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Mars 2020 instrument suite
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Nili Fossae has incredibly low dust cover compared to other 
sites: win for SuperCam, PIXL, SHERLOC, Mastcam-Z

OMEGA Dust Index
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Mars 2020 instrument suite

Large diversity of sample lithologies/mineralogies, impactites 
with complex textures: great for spatially resolved close-in 
instruments: PIXL, SHERLOC
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Mars 2020 instrument suite

Landing site is layered with well-defined geologic units: 
RIMFAX will be ideally suited for detailed stratigraphy
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Water Resources: Hydrated Minerals

FRT00008530

BD1900 parameter
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Water Resources: Hydrated Minerals

FRT000064d9

BD1900 parameter



Nili Fossae Highlights

1. Unique access to subsurface crustal refugium that was 
protected through the Noachian

2. Samples of pristine Hesperian lavas and possible Isidis/
Hargraves melt will pin absolute ages to cratering chronology

3. In ancient, complex region of Mars, geologic history at Nili is 
actually quite straightforward
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Extra slides
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Elena Amador: Target transformation

Serpentine 

Carbonate 

Talc/Saponite

Ehlmann et al., 2009;  
Viviano et al., 2013;  
Thomas and Bandfield, 2016  
(in revision) 
Amador et al., Astrobiology  
(in revision) 
Amador, Bandfield, and 
Thomas, in prep.

Old detections New detections



47

Elena Amador: Target transformation

Amador, Bandfield, and Thomas, in prep.
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Honglei Lin: Sparse Unmixing 

Saponite       Serpentine       Serpentine



ROI #1: Hargraves ejecta
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Waypoint: Trough fill clays & Syrtis lavas

50


