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Holden crater formed in theHolden crater formed in the
Late Noachian Epoch andLate Noachian Epoch and
interrupted the Uzboi-Ladon-interrupted the Uzboi-Ladon-
Margaritifer Valles segmentedMargaritifer Valles segmented
outflow system, excavatingoutflow system, excavating
sedimentary material from ansedimentary material from an
Early Noachian impact basin.Early Noachian impact basin.
Holden is the deepest largeHolden is the deepest large
crater within 700 km.crater within 700 km.

Drainage in Margaritifer SinusDrainage in Margaritifer Sinus
is well integrated relative tois well integrated relative to
other areas on Mars, withother areas on Mars, with
concentrations of dense valleyconcentrations of dense valley
networks and coarse-grainednetworks and coarse-grained
alluvial deposits.alluvial deposits.
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50 km

Holden Crater Overview

 26°S, 34°W26°S, 34°W

 150 km 150 km diamdiam..
 ––2 km floor2 km floor

 Late NoachianLate Noachian

 Phyllosilicate-Phyllosilicate-
rich LTLDrich LTLD

 Alluvial fansAlluvial fans
and bajadaand bajada
from dissectedfrom dissected
wall alcoveswall alcoves

 Coarse floodCoarse flood
deposit fromdeposit from
Uzboi VallisUzboi Vallis
rim breachrim breach
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Stratigraphy

Grant et al., Geology, in press.



Edward S. Holden
(1846-1914)

Professor, U.S. Naval
Observatory;

Director, Washburn and
Lick Observatories;

and President,
University of California

“The fundamental problem
reduces itself to an inquiry

whether the planet is inhabitable -
- whether it presents the

conditions of habitability - and
not whether it is actually

inhabited…”
(E. S. Holden, 1901)



In Situ Investigation of Past Habitability

 Thin, mechanically weak,Thin, mechanically weak,
laterally continuouslaterally continuous
beddingbedding

 Geochemical evidence forGeochemical evidence for
aqueous alterationaqueous alteration

 Clear stratigraphic contextClear stratigraphic context
 Relationship to fluvialRelationship to fluvial

networks (paleoclimate)networks (paleoclimate)

 Hypotheses testable withHypotheses testable with
rover instrumentsrover instruments

 Safe landing site andSafe landing site and
trafficable traversetrafficable traverse

 Accessible outcropsAccessible outcrops

Stable, wet, quiescent depositional settings are ideal.Stable, wet, quiescent depositional settings are ideal.

100 m



Major Science Objectives

 Objective 1 Objective 1 –– Light-toned, layered deposits with phyllosilicates: Light-toned, layered deposits with phyllosilicates:
Stratigraphy, sedimentology, and geochemistry of an 80-m-thickStratigraphy, sedimentology, and geochemistry of an 80-m-thick
section will reflect depositional environment and change over time.section will reflect depositional environment and change over time.

 Objective 2 Objective 2 –– Alluvial fans Alluvial fans::  Paleohydrology, sediment load, rock  Paleohydrology, sediment load, rock
weathering, and runoff requirements; the first in situ study of depositsweathering, and runoff requirements; the first in situ study of deposits
derived from Noachian valleys in a crater wall.derived from Noachian valleys in a crater wall.

 Objective 3 Objective 3 –– Flood deposits Flood deposits::  Paleoflood hydrology, lithological  Paleoflood hydrology, lithological
diversity in the crater rim breach, late-stage weathering environment.diversity in the crater rim breach, late-stage weathering environment.

 Objective 4 Objective 4 –– Bedrock Bedrock::    LithologyLithology and alteration of ancient basal and alteration of ancient basal
rocks that were uplifted during impact.rocks that were uplifted during impact.



20-km Science Traverse 22

22

11

11
33

44

1

1

1

22

5 km

2 km



MSL Science Traverse:
Alluvial Fans (Objective 2)
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MSL Science Traverse: LTLD
(Objective 1)
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MSL Science Traverse: Flood
Deposits (Objective 3)
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MSL Science Traverse:
Phyllosilicates (Objective 1)
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MSL Science Traverse:
Phyllosilicates (Objective 1)



MSL Science Traverse:
Phyllosilicates (Objective 1)
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MSL Science Traverse:
Phyllosilicates (Objective 1)
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MSL Science Traverse:
Bedrock (Objective 4)
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Landing Site Safety: Western Bajada

Holden is not aHolden is not a
go-to site.go-to site.

MSL can safelyMSL can safely
land on and studyland on and study
one of the mostone of the most
compelling alluvialcompelling alluvial
landforms onlandforms on
Mars.Mars.

A higher priorityA higher priority
objective is locatedobjective is located
a few km outsidea few km outside
the ellipse, along athe ellipse, along a
20-km traverse.20-km traverse. 10 km



Thermal inertia >100 J m-2 s-0.5 K-1 and albedo <0.25; radar
reflectivity >0.01 for load bearing bulk density

TI 288–504,
albedo low

Not dominated
by dust

Load bearing surface

Control authority and fuel consumption during powered
descent

Inverted channels
< 15m, few craters

≤ 43 m relief200–1000m

≤ 15 m/s
≤ 30 m/s

Ka band
reflective

≤ 0.55 m

≤ 15°

≤ 2.46° at 1 km

≤ 20°

≤ 12.5 km

≤ +1000 m

45°N to 45°S

Requirement

ModelsAtmospheric
engineering thresholds

Constraints apply over all seasons and times of day at 1 m
above the surface.

ModelsWinds, steady
Wind gusts

Adequate Ka band radar backscatter cross-section (>-20 db
and <15 dB)

Radar dataRadar reflectivity

Probability that a rock higher than 0.55 m occurs in a
random sampled area of 4 m2 should be less than 0.5%.
Suggests low to moderate rock abundance.

Bajada is mostly
gravel and sand-
sized material

Rock height

Rover landing stability and trafficability in loose granular
material

HiRISE stereo
DEMs

2–5 m

Radar spoofing in preparation for powered descent<~2° on bajada1 to 2 km

Radar altimetry errors to start powered descent1.6° on bajada2 to 10 kmTerrain
Relief/
Slopes

Due to wind-induced uncertainty during parachute descent12.5 kmLanding ellipse radius

MOLA-derived elevation–1600 to –2300 mElevation

Sites poleward of 30°N have degraded EDL column26.3°S, 34.9°WLatitude

NotesObservationsEngineering
Parameter



Trafficability

20 m



Conclusions

 Phyllosilicate-rich LTLD withPhyllosilicate-rich LTLD with
clear stratigraphic context inclear stratigraphic context in
Late Noachian fluvial depositsLate Noachian fluvial deposits

 Alluvial fans with discrete sourceAlluvial fans with discrete source
areas (implications for runoff)areas (implications for runoff)

 Late-stage flood depositsLate-stage flood deposits
 Accessible bedrock outcropsAccessible bedrock outcrops

 80-m stratigraphic section80-m stratigraphic section

 Safe landing ellipse containingSafe landing ellipse containing
one key objective (alluvial fans)one key objective (alluvial fans)

 Trafficable routeTrafficable route

Holden crater offers an excellentHolden crater offers an excellent
combination of:combination of:


