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Bramble et al. (2017)
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Why the
Noachian
Basement
Formation?

Exposed early Noachian
crust is very rare
- But very important

Modlified from
Ehlmann et al. (2016)

Pre-Noachian

Solar Luminosity

—

Early-Amazonian

early, large
impact basins

lagnetic Field

- 4 Utopia

Argyre

Isiclis

Large-Impact Basins

Volcanism

3.5

3.0

Time before present (Ga)

2.5



Units of Noachian Basement Formation

1. Low-Ca pyroxene
2. Fe/Mg-smectite

3. Megabreccia 4. Ridges 5. Kaolinite

| . 2 e 2 km
m __j [ kaolinite M Fe/Mg smectite
Mustard et al. (2009) Saper and Mustard (2013) Ehimann et al. (2009)




What can we learn from Noachian basement 2

What is the Noachian Basement Formation?
Heterogeneous: Multiple units that record =5 distinct geological processes

Goals for Noachian Basement Formation:

1) Determine nature of Pre-Isidis crust and search for biosignatures

2) Determine petrogenesis of LCP-bearing lithologies

3) Determine nature of clay formation, habitability, and search for biosignatures

- And sample!

Why?

* Understanding the evolution of planetary interiors
- Differentiation, crustal formation, volcanic processes, magnetic fields, age-dating/timing

 Understanding ancient environments on Mars and Earth
- Water processes, habitability, search for biosignatures

 Understanding basin-scale impact processes on terrestrial bodies
- Megabreccia formation: where and how? How much melt?



Units of Noachian Basement Formation

1. Low-Ca pyroxene
2. Fe/Mg-smectite

Mustard et al. (2009)



Low-Ca pyroxene- becmng lithologies

Three geomorphological
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Low-Ca pyroxene-rich mounds

- LCP-rich mounds detected in and
near both NE Syrtis and Midway
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Units of Noachian Basement Formation

1. Low-Ca pyroxene
2. Fe/Mg-smectite

5. Kaolinite

[ kaolinite [ Fe/Mg smectite
Ehlmann et al. (2009)




Clay formation

Four formation events of clay:
1. Massive Fe/Mg-smectite
 Stratified Fe/Mg-smectite
- no definite exposures locally in
traverse areas

 2: Ridges of Fe/Mg-smectite

e 3: Zones of Kaolinite
mineralization

Smectite-rich outcrop

W 1. Hydrothermal
" alteration of
. Icelandic basalt

Icelandic basalt

Modlified from
Ehlmann et al.,
2012
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Mounds of massive Fe/Mg-smectite in NE Syrtis
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Mounds of massive Fe/Mg- smechte in Jezero rim
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Potential biosignature preservation in
Fe/Mg-smectite-bearing lithologies
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Units of Noachian Basement Formation

3. Megabreccia




Megabreccia and Pre-Isidis materials
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3. Megabreccia



Megabreccia are constrained by cross-cutting relationships
implying Pre-Isidis age for megabreccia materials
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Megabreccia Contain Pyroxenes and Clay Minerals

Spectra of Megabreccia
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3. Megabreccia
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Four endmember Lithologies of Megabreccia

* 4 distinct lithologies
in color HIRISE from
8 different images

* Blue (LCP) and
Yellow (Fe/Mg
smectite) lithologies

« Beige and purple
materials are distinct
lithologies, not
captured by CRISM

3. Megabreccia
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Megabreccia in and .
Around the E|||pses -

* Megabreccia are
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Megabreccia in cmd - Not all blocks are
. covered b
Around the Ellipses corririse
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Units of Noachian Basement Formation

4. Ridges

Saper and Mustard (2013)



Clay formation

Four formation events of clay:
* 1. Massive Fe/Mg-smectite
» Stratified Fe/Mg-smectite

- no definite exposures locally in

traverse areas

+ 2: Ridges of Fe/Mg-smectite

e 3: Zones of Kaolinite

mineralization SV
2: Mineralized fracture

from Sudbury crater
Credit: Haley Sapers




Ridges in NE Syrtis and Midway Ellipses
37 b e  Ridges in blue
* Fluid-filled
fractures




Goal 1: Determine Pre-Isidis crust and search For biosignatures

What can Mars 2020 do?

» Petrology of Pre-Isidis material in megabreccia Porosity and
permeability = habitats

-~ Understand prevalence of igneous and
sedimentary processes on ancient Mars

Geochemical

» Field studies of megabreccia - 4508 N heterogeneity
Understand formation mechanism @\ ==/ = metabolic energy
through basin scale impact processes NN

AT . Habitat + ener

* Samp.le and analyze Pre-I_SIdIS Clay'rICh From Sapers et 8/.," W ‘:7- zciolonizatiogy
materials from megabreccia for this workshop G g
biosignatures

« Sample impact melt in megabreccia Frows || aes e Example composition of megabreccia

Example stratigraphy

for age dating > Constrain age of Isidis it
basin and crater counting chronology w
Target rock b

Complex craters on Earth inform exploration of Martian basins S
(Modified from Osinski et al. (2005)) :
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Central uplift

Kaolinite (post-impact)

Pre-impact
LCP

Pre-impact
clays

Ridges (post-impact)

Megabreccia +
potential impact melt

Impact melt

LCP | Fe/Mg-smectite




Goal 2: Petrogenesis of LCP-bearing lithologies

Potential target: Basalt

What can Mars 2020 do?
» Mineralogical and chemical analysis
of ancient crustal basalt/orthopyroxenites

- Composition of Martian partial melt, ?C’Zirqg"tt"te
mantle, and understanding crustal Gill of al
formation processes (2010) '
« Sample early/mid Noachian
basalt/orthopyroxenites for age dating
- Constrain lower age bound of Isidis
basin formation and crater counting Modified
chronology from
Where? I\‘;I?Zfochehri

NE Syrtis, Midway or Midway-Jezero (2015)




Goal 3: Nature of clay formation, habitability,

and search for biosignatures

What can Mars 2020 do?

 Petrology of three different clay formation events -
Determine environments of formation e.g. surface
pedogenesis or subsurface alteration in an aquifer
and search for biosignatures

« Study mineral assemblages associated with clays -
Determine T, pH, and water chemistry for fluid environments
and assess habitability potential

« Sample smectite-bearing materials -
Detailed analysis of biosignatures and fluid
composition/origin through D/H and 80

Where?

NE Syrtis or Midway-Jezero traverse Modified from

Michalski et al. (2010)

clastic clays ?

veins and veinlets ?



EVALUATION OF LANDING SITES

Noachian stratigraphy is only present in NE Syrtis and Midway

" Units NE Syrtis Ellipse Midway Ellipse Midway-Jezero Jezero
Traverse
“Megabreccia |Present Present Present Not present
~ Kaolinite Present Unknown Present Not present
~ Smectite Present Unknown Present Not present
_Mounds
Stratified Potentially present  Potentially present  Potentially present  Not present
_basement
Ridges Present Present Present Not present
Mesas Present Present Present Not present
LCP Mounds |Present Present Present Not present
BFU Present Present Present Not present






In NE Syrtis, we can
sample Fe/Mg-smectite
and kaolinite

* Massive Fe/Mg-

smectite: Subsurface
fluid circulation or
pedogenesis?

Kaolinite: Surface
alteration or
hydrothermal
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