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Ladon and Holden Impact Basins 

Ladon 

Holden 

M: Morava Valles 

L: Ladon Valles  

U: Uzboi Vallis 

h: Holden crater 

e: Eberswalde crater 

o: Ostrov crater 
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Diversified Habitability Investigation 



MSL Science Objectives 
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Holden Landing Ellipse 
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Alluvial Fans, Groom Lake, Nevada  



Alluvial Fans: Simple Morphology 

Moore and 
Howard (2005) 
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Science Traverse: Alluvial Fans 
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Science Traverse: Alluvial Fans 
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Science Traverse: Alluvial Fans 
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MSL Investigation of Alluvial Fans 



MSL Investigation of Alluvial Fans 



Holden Crater LTL Materials 

Types of Evidence for 
Paleolakes on Mars 

  Context 
  Stratigraphy 
  Mineralogy 

 100 m 



Holden Crater Fill Stratigraphy 

Grant et al., 2008 



Science Traverse: LTL 
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35‐m section 
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Science Traverse: Phyllosilicates 



Science Traverse: Phyllosilicates 
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Credit: R. Milliken 



Science Traverse: Phyllosilicates 
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LTL Outcrops 



LTL Outcrops 



HiRISE DEM (1 m) shows LTLD bedding planes and contacts follow contours 
locally (100 m), but not over long scales (1‐10 km). DEM: Lewis/Aharonson 

250 m 

HiRISE DEM Contours 



W E 

Alluvial fans slope <2.5° (1° in places), extend tens of km into the crater and 
cover the LTL materials.  LTL outcrops are rare except in the SW portion of 
the crater, where they are exposed by erosion. 

The contacts between units also exhibit shallow dips, and the majority of beds 
do not appear to be truncated on short length scales. 

Lower-Upper Unit Contact 
Middle-Upper Member (Lower Unit) Contact 

X 



1 km 

Lithology Supporting features Contrary features Confidence 
Lava flows 1.  Erosional resistance, 

craters preserved 
2.  Equipotential or lobate 
flows 
3.  Mafic mineralogy 
4.  Low albedo 
5.  Raised margins 
6.  Wrinkle ridges 

A.  Deeply etched or 
deflated surface  
B.  Drapes basin rim 
and exterior surface 
C.  Secondary minerals 
D.  High albedo 
E.  Graded with 
channels 
F.  Distributary network 

High if  
1–6 observed,  
A–F not 
observed 

Tephra 1.  Drapes topography 
2.  Mafic mineralogy 
3.  Near volcanic source 

A. Confined to basin 
B. Secondary minerals 
C. No volcanic source 

Moderate to low 
if 1–3 observed,  
A–C not 
observed 

Impact ejecta 
(proximal) 1.  Nearby fresh crater 

2.  Erosional resistance 
3.  Ballistic or fluidized 
4.  Low albedo for most 
target materials 

A.  No obvious source 
B.  No greater 
resistance 
C.  Thin, horizontal 
layers 
D.  High albedo 

High if  
1–4 observed,  
A–D not 
observed 

Airfall deposit 
(suspended 
particles) 

1. Etched surface 
2. Drapes topography 
3. Weak spectral signal 
4. Massive fine-grained 
layers 

A. Erosional resistance 
B. Confined to basin 
C. Strong mafics or 
salts 
D. Contains boulders 

High to moderate 
if 1–4 observed,  
A–D not 
observed 

Aeolian dune 
deposit/sand 
sheet 
(saltated) 

1. Breaks down to wind- 
transportable sizes 
2. Mafic mineralogy 
3. Low albedo 

A. Breaks down to 
resistant boulders 
B. Phyllosilicate or salt 
C. High albedo 

Moderate if  
1–3 observed,  
A–C not 
observed 

Hypotheses for Layers 



1 km 

Lithology Supporting features Contrary features Confidence 
Alluvial or 
deltaic deposit 1.  (Inverted) channels 

2.  Discontinuous beds 
over <km scales 
3.  Dips into basin 
4.  Etched surface 
5.  Confined to basin 
6.  Sourced by valley(s) 

A.  No paleochannels 
B.  Continuous beds 
over >km scales 
C.  Flat-lying strata 
D.  No deflation 
E.  Drapes rim crest 
F.  No source dissection 

High if 
1–6 observed,  
A–F not 
observed 

Evaporite 
deposit 1.  Salt signatures 

2.  Med/high albedo 
3.  Confined to basin 
4.  Flat-lying in center 
5.  Polygonal fractures 

A.  Mafic signature 
B.  Low albedo 
C.  Drapes topography 
D.  Steeply dipping 
beds 
E.  Inverted channels 

High if  
1–5 observed,  
A–E not 
observed 

Pelagic 
deposit 1.  Etched surface 

2.  Massive or laterally 
continuous bedding 
3.  Flat-lying beds 
4.  Secondary minerals 
5.  Confined to basin 

•  Erosionally resistant 
•  Discontinuous beds 
over <km scales 
•  Steeply dipping beds 
•  Mafic mineralogy 
•  Drapes exterior 

Moderate if  
1–5 observed,  
A–E not 
observed 

These features are non-unique individually and collectively, but they are a starting 
point for interpretation of  exposed stratigraphy. 

Hypotheses for Layers 



MSL Investigation of LTL Materials 
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CRISM FRT FRT0000C1D1_07_IF164, NASA/JHU APL 
OLINDEX 
LCPINDEX 
HCPINDEX 

Fe/Mg 
phyllo. 

Al phyllo.  
hydrated 

glass 
Hydrated 
sulfate, 

clay, glass,  
ice 

*
Buczkowski 
et al. (2010), 

LPSC 
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Science Traverse: Flood Deposit 



Science Traverse: Flood Deposits  2 km 
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Meter‐Scale Features of Flood Deposit 



50 m 

  Upper unit forms cliffs 
  Retains craters, but buried by aeolian ripples 
  Displays horizontal/inclined bedding 
  Entrains blocks of underlying unit 
  Reaches to common level in basin? 

Flow 

PSP_001468_1535 

Flood Erosion of LTL Rocks, Unconformity 



MSL Investigation of Flood Deposit 
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Science Traverse: Bedrock Outcrop 



Science Traverse: Bedrock  2 km 
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MSL Investigation of Bedrock Outcrop 



Target  Distance from 
ellipse center 

Alluvial fans  <0.5 km 

LTL materials  11.5 km 

Uzboi flood deposits  18 km 

Bedrock outcrop  26 km 

LTL 

Alluvial 
Fans 

Flood 
Deposit 

Bedrock 

10 km 

Science Traverse: Distances 



Megabreccia 
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LTL 
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LTL/wall contact 

Flood deposits 

Extended Mission Potential 



Summary 


