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Introduction
Changing climate on Mars leaves a geological record that bears 

encrypted information about conditions in the past. 

Impact craters simultaneously:

• record erosion history, which is climate dependent

• record time

They can be used to disentangle erosion history in time.

Craddock & Maxwell [1993] used qualitative assessment of crater 

degradation state to do this.

We use a quantitative measure of crater degradation, crater wall slope, 

to do this.
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Example of wall slope retrieval:

The median slope is 23.8°

Slope degradation in the Amazonian:

• At high latitudes 

• At pole-facing slopes in the midlatitude zone

 Interpretation [Kreslavsky & Head 2003, 2008] : 

seasonal permafrost thawing 

(= active layer formation) 

and intensive cryoturbation 

and fluvial erosion 

in places, where 

the day-average temperature 

reaches the highest values 

through the spin/orbit variations, 

when:

– Spin axis obliquity is high

– Eccentricity is high

– Perihelion in late summer

 Constraint on degradation rate:   ~15 craters >24° => ~50 – 80 Ma + knowledge of 

spin/orbit variation  < 1 – 3 Ma of fluvial erosion, probably << 1 Ma

Map of all craters color-coded according to their wall slope
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← Latitudinal distribution of craters with steep walls

Crater wall slope data

• All craters D =  4 – 32 km      ~53,000 craters

– Crater data base by Robbins & Hynek [2012]

• Source data: Individual MOLA profiles

– High vertical precision

– 300 m between data point

– ~N-S oriented orbit tracks 

 only N and S crater walls are sampled

• Automated slope retrieval procedure

– The steepest 300 m long segment of each wall-crossing profile

 The median slope of N and S walls

 The median wall slope of each crater

 Craters degrade due to wall erosion and material accumulation on the 

floor. The steepest, usually uppermost wall parts undergo erosion, which 

reduces slopes. Thus, crater wall slope is indicative of erosion history. 
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Normalized wall-slope-frequency distributions: area under the curves is a proxy of the mean age

Geological units are  from the recent 1:20M global geological map [Tanaka et al. 2014] in 35°S - 35°N zone. 

Chronology system is from [Werner & Tanaka et al. 2011]
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Conclusions

• Degradation of crater walls in the Noachian was more intensive 

than in the Amazonian and Hesperian

 fluvial erosion in the Noachian (“Warm Early Mars”).

• Fluvial erosion in the Late Noachian was minor and episodic 

< 1 Ma (likely << 1 Ma) total duration.

• At lower elevations erosion lasted longer, into the Early Hesperian 

 a thicker atmosphere on Early Mars. 

This work,

wall slopes >24°, 

D = 4 – 32 km

Craddock & 

Maxwell [1993],

fresh morphology, 

D > 5 km

Dependence on elevation

• At lower elevations, the density of steep-wall craters is higher

 Fluvial erosion terminated later, in the Early Hesperian.

 There was elevational zonality of climate

 There was strong atmosphere – surface thermal coupling 

 The atmospheric pressure was high (> ~ 100 mbar)

Slope degradation in the Noachian

• A wide range of preservation states

 Crater degradation in the Noachian is 

stronger than in the Hesperian + 

Amazonian

• Consistent with morphological evidence 

for fluvial erosion in the Noachian

• Many Late Noachian craters have steeper 

walls than polar craters

 Total amount of Late Noachian 

degradation is minor in comparison to Late 

Amazonian degradation in the polar areas

 < ~1 Ma of fluvial erosion in the Late 

Noachian, likely <<1 Ma

Normalized wall-slope-frequency distributions 
for high- and low-elevation Noachian highlands 

before and after subtraction of the distribution for volcanic plains

Density of fresh craters in Noachian highlands 

(a proxy for erosion cessation age) for different elevation bins.
N(32)–N(4) was recalculated into N(5) using Neukum production function


