Some important things

we can learn about Mars
by visiting a big
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Big Basins

Formed early in solar system history

Record of ancient crust and window to the lower crust

Energetic environments
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..formed early

Ages of Dated Martian Events

YN Salts shergottites (0-175 Ma)
/\ lddingsite nakhlites (633 + 23 Ma)

Carbonates ALH84001 (3929 = 37 Ma) 4'_}.

@ Shergotty (165 + 11 Ma)
@ Zagami (169 + 7 Ma)
@®LA1 (170 £ 7 Ma)
@ NWAB856 (170 + 19 Ma)
@EET79001A (173+10Ma)| 174 £ 2 Ma
@ Y793605 (173 + 14 Ma)
@ EET79001B (173 + 3 Ma)
@ ALH77005 (177 +6 Ma)
@ LEW88516 (178 £ 9 Ma)
@ NWA1056 (185 + 11 Ma)
[JY980459 (290 + 40 Ma)
[] QUE94201 (327 + 10 Ma) i; 332 + 9 Ma
1 NWA1195 (348 + 19 Ma)
A DaG 476 (474 + 11 Ma)
{ Dhofar 019 (575 %7 Ma)
Q Nakhla (1260 + 70 Ma)
O NWA998 (1290 + 50 Ma)
O Y000593 (1310 + 30 Ma) 1327 + 39 Ma
(Q Lafayette (1320 £ 50 Ma)
QO Chassigny (1362 + 62)
QO Gov. Valad. (1370 + 20 Ma)
ALH84001 (4500 + 130 Ma) HIH
Silicate differentiation (4526 + 21 Ma) H
Core segregation (4556 + 1 Ma) li
LEW86010; silicate differentiation reference (4558 + 0.5 Ma) l
CAI (solar system formation reference) (4567 + 0.6 Ma) ll
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® lIsidis, Hellas, Argyre,

highlands are 3.9-4.0 Ga
(Werner 2005)

® ALH 84001 is 4.51 Ga; has
Ar-Ar shock age of 3.92 Ga,
carbonates deposited by

water at 3.92 Ga (Turner et al.

1997,Ash et al. 1998, Borg et al.
1999)

¢ Coincident with late heavy

bombardment in the inner
solar system



..formed early
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...excavated deeply

® Argyre basin example: ~| 100 km final diameter (100 km

rocky impactor at 20 km/s or 100 km icy impactor at 50
km/s)

€ Final crater depth 4.8 km; transient crater diameter




...created environments

® Ejected materials are pulverized, shocked, and/or melted;
ejecta blankets are environments vulnerable to alteration

® Alteration of glass and/or ultramafics to phyllosilicates is

geologically rapid even in cool, low-pressure environments
(Ciesla et al. 2004, Cohen et al. 2004)

¢ Alteration products (carbonates, phyllosilicates) are
contained inside the rocks - not in layers

A Nebular Origin for Chondritic
Fine-Grained Phyllosilicates

Fred J. Ciesla,"* Dante 5. Lauretta,' Barbara A. Cohen,®
Len L. Hood

drites. Previous models suggested that these phyllosilicates did not form by

gas-solld reactions in the canonical solar nebula. We propose that chondrule-

forming shock waves in iy regions of the nebula preduced conditions that
allowed rapid mineral lydration. The time scales for phyllosilicate formation
are similar to the time it takes for a shocked system to cool from the

termnperature of phyllosilicate stability to that of water lce condensation.
This scenario allows for simultaneous formation of chondrules and their
fine-grained accretionary rims.

Hydrated minerals accur in accretionary ims arownd chondrules in CH chon-
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...suitable for life

® Hydrothermal circulation is likely around impact craters
(e.g. Newsom et al., Abramov & Kring 2004, 2005)

€ Phyllosilicates form in water-rich, neutral-pH settings

® Serpentinization

sulfates anhydrous ferric oxides

Amazonian
al. 2005
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Big Basin Characteristics

® Formed early
Ancient geologic history that has rarely been sampled

€ Excavated deeply
Window into original crust, provides crucial information on bulk planet
composition and solar system neighborhood

€ Created environments
Ejecta + hydrothermal systems = alteration minerals in the rocks

¢ Suitable for life
Water-rich, reducing, warm, neutral pH, free surfaces

® Processes of relevance to past habitability; investigable by MSL

#'Candidate sites exist but these characteristics also add
value at other proposed sites



