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Abstract 1-Early Active Dynamo (~ 4.5-4.1 Ga) Impact Craters: The Primary Hosts of Martian
The formation of sedimentary basins on Earth is primarily controlled Mars had a hot, convecting core generating a global magnetic field. Sedlmentary Systems
by tectonic and structural deformation processes that have operated This period likely coincided with strong mantle convection and a more SO =~ el Y e

since the planet’s early history. Recent advances in planetary science active, deformable lithosphere with early tectonic activity.
have opened new perspectives by integrating extraterrestrial analogues  2-Dynamo Decline (= 4.1-3.8 Ga)
to better understand Earth’s evolution and anticipate its potential future =~ Rapid planetary cooling reduced core and mantle convection. Magnetic

dynamics. In this context, comparative studies with Mars have gained field strength decreased while tectonic activity became less widespread
increasing attention in recent years. and more localized.

Mars and Earth formed at broadly similar times, approximately 3-Dynamo Shutdown (= 3.8-3.7 Ga)

4.603 and 4.543 billion years ago, respectively, and experienced Core convection stopped, ending the global magnetic field. Mars
comparable early evolutionary stages (Bultel, 2016). However, Mars transitioned to a stagnant-lid regime with limited tectonic deformation
underwent a major divergence when its internal geodynamic activity and mainly localized volcanic activity.

ceased relatively early. This shutdown is evidenced by the decline of core Hydological activity independet to dynamo

activity and paleomagnetic signatures, indicating the loss of a global

magnetic field (Lammer et al., 2013; Mittelholz et al., 2020). As a result, = active sedimentary cycle

tectonic processes on Mars became extremely limited, with the most T e | AMAZONIAN

prominent Earth-like deformation being extensional tectonics, viegnetic Fiod | | 2

exemplified by the Valles Marineris rift system (Davis et al., 2021).

In contrast to Earth, where sedimentary basins are predominantly s |

formed through tectonic mechanisms such as rifting and orogeny, = i Seien _

Mars exhibits a different dominant process: impact cratering. Several Volcaniem -m« e s )

studies have documented sedimentary deposits within impact basins, o

demonstrating that these structures can act as major depocenters Chomisty i — -

independent of tectonic activity (Fassett and Head, 2007; - == Ebeg\vr:arlgzv[v) :;::l :t;::igr?rzl::‘c hﬁgrll-aAtiao:doé;l)\(eData N :simeT;olgg:ca|SCharac:erizalt_:g;I{;SoJD
Cabrol and Grin, 2010; Irwin et al., 2015). wmpeceny | 4 € tberswalde Lelta System from HIRIE Data
These deposits are often clastic in nature, analogous to those o | B Valles Marineris: A Rift-Type Sedimentary Basin Analogous
formed on Earth through the erosion of uplifted mountain e to Earth’s Rift Systems

belts following orogenesis, suggesting that sedimentary basins can A synthesis of the hydroclimatic evolution on Mars (Ramirez and Craddock, 2018). e ———

develop through non-tectonic processes.
The aim of this study is to compare the formation and evolution of

Se.d'.m entary|basinson|Earthjand Mars, with a focus on non-tectonic indicates that an active hydrological cycle persisted throughout
origins, and to evaluate whether similar processes could occur on Earth the Hesperian and into the Amazonian

if tectonic activity significantly diminishes. - -
weathering sedimentation diagenesis
Objectives

\ J
General Objective: J

To investigate whether sedimentary basins can form and evolve without . . e S :
active tectonics by using Mars as a natural analogue to better understand  An active and sustained water cycle on Mars also implies the operation

Although Martian tectonic activity largely ceased around ~3.7 Ga at the
end of the Noachian and the beginning of the Hesperian, evidence

the future evolution of sedimentary systems on Earth. of a complete sedimentary system. This cycle involves the progressive . ol Y e i
Specific Objectives: breakdown of source rocks through weathering, followed by erosion and Ge°'h""gﬁ::ajl';?lfttfats'g:‘%‘; :\s;'al;':’lsr:s "’\:g E:,'tcé'r;’-":zzpﬁﬁ" ;@;;:;:e‘t’:"es
1-Compare sedimentary basin formation processes on Earth and Mars. sediment transport, subsequent deposition within sedimentary basins, e S g, — —
Assess the role of impact craters as sedimentary basins in the absenceof =~ and ultimately diagenesis, which transforms these deposits into coherent — By FL 8 e
tectonic activity. stratigraphic units. o O T
2-ldentify and characterize Martian alluvial, deltaic, and lacustrine : : e e, o
depositg nal systems Sedimentary Systems on Mars Investigated in This Study o

3-Distinguish sedimentary processes related to impacts, hydrology, e e

and volcanism.

4-Reconstruct the hydrological and climatic history of Mars from
sedimentary records.

5-Develop a conceptual model for sedimentary basin formation under
non-tectonic conditions.

6-Evaluate the implications of Martian sedimentary systems for Earth's
future and for comparative planetary geology.
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Geological map of a section of Valles Marineris, depicting alluvial fans, bajadas,
their catchment areas, and faults.
The rose diagram shows the orientations of normal faults (Davis et al., 2021).

Conclusion

Mars shows that sedimentary basins can develop and persist even
after the shutdown of global tectonic and dynamo activity. Despite
the loss of active geodynamics, a long-lived hydrological cycle

Data and Methodological Approach

el — continued, producing complete sedimentary processes from erosion
- Sydopgito stk to diagenesis. The dominance of alluvial and deltaic systems within
C— = | ’1 Location of the alluvial deposits identified in this study , impact craters highlights their role as the main sedimentary
A total of 170 alluvial systems based on their lobate morphology, their depocenters on Mars. These results demonstrate that sedimentary

location within impact craters, and their connection to drainagenetworks.
They are generally characterized by braided channels and, in some cases,
associated alluvial terraces that help reveal their depositional history.

basins can form under non-tectonic conditions, mainly controlled
by impact structures and surface hydrology.

References

1. Bultel, B, 2016, Serpentinisation et carbonatation de la croGte Martienne: UNIVERSITE CLAUDE BERNARD LYON.
2. cabrol, nathalie, and Grin, edmond, 2010, Lakes on Mars: Amsterdam Boston, Elsevier.
3. Davis, JM, Grindrod, PM., Banham, S.G., Warner, N.H., Conway, S.J., Boazman, SJ., and Gupta,S., 2021,
A record of syn-tectonic sedimentation revealed by perched alluvial fan deposits in Valles Marineris, Mars: Geology,
v. 49, p. 1250-1254, doi:10.1130/G48971.1.
4. DeToffoli, B, Plesa, A.-C., Hauber, E., and Breuer, D., 2021, Delta Deposits on Mars: A Global Perspective:
Geophysical Research Letters, v. 48, p. €2021GL094271, doi:10.1029/2021GL094271.
5. DeVilliers, G, Kleinhans, M.G,, and Postma, G., 2013, Experimental delta formation in crater
lakes and implications for interpretation of Martian deltas: Journal of Geophysical Research: Planets
, V. 118, p. 651670, doi:10.1002/jgre.20069.
6. Fassett, C.l, and Head, J.W, 2007, Valley formation on martian volcanoes in the Hesperian:
R I Evidence for melting of summit snowpack, caldera lake formation, drainage and erosion on Ceraunius
esultats ; e Tholus: Icarus, v. 189, p. 118-135, doi:10.1016/j.icarus.2006.12.021.
, il : : 7. Irwin, RP, Lewis, KW, Howard, A.D,, and Grant, J.A,, 2015, Paleohydrology of Eberswalde crater,

Ma rtla n Dyna Mo ACthlty [ nte rnal geOdyna m |CS Of Ma s TS e e Mars DEM 463m/pixel Mars: Geomorphology, v. 240, p. 83-101, doi:10.1016/j.geomorph.2014.10.012.
.l — — (M) oo60 8. Lammer, H. et al,, 2013, Outgassing History and Escape of the Martian Atmosphere and Water
7R ety = ; g ome @I Inventory: Space Science Reviews, v. 174, p. 113-154, doi:10.1007/s11214-012-9943-8.

¢ Stepped ez Low : -8201 9. Mittelholz, A, Johnson, C.L, Feinberg, J.M., Langlais, B,, and Phillips, RJ., 2020, Timing of the martian

T . . dynamo: New constraints for a core field 4.5 and 3.7 Ga ago: Science Advances,
Map of the Global Distribution of the Studied deltaic Systems V.6, p. eaba0513, dol:10.1126/scladv.aba0513.

Deltaic systems were identified using morphological and stratigraphic 10. Purdy, S, 2021, Alluvial Fans and Deltas: Windows into the Late Climate History of Mars;,

MAVEN Utopia Lucus Planum Hellas o D' 4 Argyre o o ° og e o o https://ai d i.edu/stories/editori lluvial-fa d-deltas-wind late-climate-hist
o AgBoredisbasin_ | {l‘ p439% . % 4 criteria such as meanderlng channels, dep05|t|onal geometrl es, and their (ac‘c):;/s{ea:jrah:l‘a;gg;:f u/stories/ rial/alluvial-fans-and-deltas-windows-late-climate-history-mars

7 36 35 34 33 32

: iti ithin i - i i 11. Ramirez, RM, and Craddock, R.A,, 2018, The geological and climatological case for a warmer
Noachian p05|t|op within 'mpa.Ct crater baf‘ms' More.than 14:.3 deltaic systems were and wetter early Mars: Nature Geoscience, v. 11, p. 230-237, doi:10.1038/541561-018-0093-9.
recognized and classified according to their formation processes and 12. Wilson, S.A, Morgan, AM, Howard, A.D, and Grant, J.A, 2021, The Global Distribution of Craters

Dynamo timing scenarios (Mittelholz et al., 2020). evolution ary characteristics With Alluvial Fans and Deltas on Mars: Geophysical Research Letters, v. 48, p. €2020GL091653, doi:10.1029/2020GL091653.

Obitie:
MoredetmledvmwofﬂmMmphology,
lopogmphy ba.mmlocaunm

and global depositional amh:techne

The main objective

Very large scale/Globale scale =———— —9— Very fine scale/Local scale

Timing arguments [ ) , [a] [d]

" Hellasl Argyre

The basin record [b] Isidis :
_— —

Meteorite ALH 84001 [ I_ _______ I Subsurface alteration

Structural Geology in a Changing World:

Tectonics, Resources and Sustainable Transitions






