The Phyllosian era:

The two (very) different cases of
Mawrth Vallisand Tyrrhena Terra

Damien Loizeau ESA-ESTEC, Noordwijk, Nederland
Nicolas Mangold LPGN, Nantes, France
John Carter, Francois Poulet, |AS, Orsay, France

Jean-Pierre Bibring




THE PHYLLOSIAN ERA

Mawrth Vallis Nili Fossae
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"_| Red: phyllosilicates

Terra Sirenum | Meridiani Planum —
Tyrrhena Terra

- Phyllosilicates : southern hemisphere, Noachian terrains
= aqueous alteration: early Mars, PHYLLOSIAN
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THE PHYLLOSIAN ERA




THE CASE OF
MAWRTH VALLIS
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MAWRTH VALLIS
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MAWRTH VALLIS
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MAWRTH VALLIS
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- Ancient valleys throughout e e d A e k

the region, inverted by
strong erosion

- Similar clay compositional
stratigraphy throughout the
region

B < capping unit (
«—— Al-phyllosilicate unit (50 m thick at max)

Fe/Mg-phyllosilicate unit (>50 m thick)
with dark layers




MAWRTH VALLIS

- Ancient valleys throughout
the region, inverted by
strong erosion

- Similar clay compositional
stratigraphy throughout the
region

- Clays associated to a
layered, thick unit (> 200 m)

. < capping unit (<10 m thick)
«—— Al-phyllosilicate unit (50 m thick at max)

‘ Fe/Mg-phyllosilicate unit (>50 m thick)

with dark layers
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MAWRTH VALLIS
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- Fluid
circulation
iNn the
layered clay
unit after its
deposition

MAWRTH VALLIS
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MAWRTH VALLIS

- complex water-
rock interaction
history,

at different times,
at different scales,
over long periods:
access to different
environments

- alteration at low
temperature &
pressure, no deep
burial

- recent exposures
due to wind erosion

0 —
~10m + ~3.7 Ga
~3.8 Ga
~50m
mineralized
fractures
~200m +
4 Ga
or more
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THE CASE OF
TYRRHENA TERRA
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TYRRHENA TERRA

F. Poulet, J. Carter

Tyrrhena Terra




TYRRHENA TERRA

0Ls SIS

Hd IH1

0cs

NY3Z101'a



TYRRHENA TERRA
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TYRRHENA TERRA
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CRISM spectral ratio value (with offset for clarity)
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CRISM FRTOOOOB5AB spectral ratio

1:central pixel (69,416), central reference pixel (69,401), 5x5 pixels average;
2:(336,113),(336,167), 3x3; 3:(333,63),(333,23), 7x7;4:(22,317),(22, 298), 3x3

:—’ \/ﬁf\ CRISM 4

mordenite
(zeolite)
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bassanite
(sulfate)
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TYRRHENA TERRA
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TYRRHENA TERRA

chlorite
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band index

B 150
- 23 um
band index

1.

(]

CRISM spectral ratio value (with offset for clarity)
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CRISM FRT00012517 spectral ratio

1: central pixel (561,114), central reference pixel (561,212), 5x5 pixels average; 2: (455,26), (455,194), 5x5

laboratory spectra
USGS spectrum: Chlorite SMR-13.e <30um W1R1Bb AREF;
RELAB spectrum: Gismondine ZE-EAC-008/LAZEOS
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TYRRHENA TERRA

500 m D “250m CRISM2'_A
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TYRRHENA TERRA
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TYRRHENA TERRA

" 2.3 um
¥ band index

CRISM FRTO00137E2 spectral ratio

7x7 pixels average

laboratory spectra
USGS spectrum: Corrensite CorWa-1 W1R1Bb AREF, Saponite SapCa-1.AcB W1R1Bb AREF
RELAB spectra: Vermiculite VE-EAC-001/CAVEQ1

CRISM spectral ratio value

vermiculite

saponite

1.5pm 2.0pm 2.5um
Wavelenath

Laboratory spectrum reflectance
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TYRRHENA TERRA

POST-IMPACT HYDRATED EJECTA,

PRE-IMPACT SURFACE AND CRUST WALLS AND UP-LIET

Excavation of a buried
phyllosilicate-bearing unit

hydrated silicates

- altered crust, in depth (down to 1 km at least)

- high temperature minerals indicate alteration due to hydrothermal
system(s) or low-grade metamorphism

- buried hydrates silicates exhumed by « recent » impacts
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TYRRHENA vs. MAWRTH

MAWRTH VALLIS

alteration strong, surface alteration
stratigraphy thin layers
thickness hundreds of meters
extension at least 300 km x 400 km
altitude -1 km to -4 km
exhumation wind erosion
limited mixing (some
mixing redeposition and few impacts)

=> protection? outcrop nature?

typical altered
crust?

concentration of altered rocks,
ancient bassin?

TYRRHENA TERRA

weaker, surface to depth
alteration

massive crust

hundreds of meters, km

at least 1000 km x 2000
km

4 km to O km

impacts

significant mixing by
successive impacts

typical altered highlands
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