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Introduction: Determining the ages of the valley 

networks on Mars is an important part of understanding 

its hydrological history.  Evidence suggests multiple 

periods of valley network formation spanning the Noa-

chian to possibly the Amazonian Epochs [1-4].  Both 

precipitation and groundwater sapping have been sug-

gested as formation mechanisms, and a combination of 

both process likely played a role in many of the valley 

network histories [5].  Since formation by either 

method requires a different atmosphere than at present, 

yet to different degrees, the timing of the valley net-

work formation is important in understanding the evo-

lution of the Martian atmosphere.   

The Arabia Terra region of Mars is densely covered 

by mature, dendritic valley networks, indicative of pre-

cipitation [6].  One Arabia Terra valley network, cen-

tered at roughly 7°N, 31°E shows two stages of forma-

tion: an older network originating to the southwest that 

was later pirated by a younger network coming in from 

the southeast (Fig. 1).  The western branch of this val-

ley network has several morphological characteristics 

that suggest it is older than the eastern branch.  The 

less uniform width and depth of the western branch and 

the irregular and degraded walls suggest it has experi-

enced more erosion than the eastern branch.  Localized 

differences in erosion are not likely the cause since the 

greater degree of erosion is consistent throughout the 

western  branch and not seen on the eastern branch.  

The eastern branch of this valley network contains 

braided channels and terraces, which further supports 

formation by precipitation (Fig 1).   

Here we show evidence for multiple valley forma-

tion episodes within one valley network in Arabia 

Terra.  The gap in age between episodes indicates two 

independent periods of hydrologic activity, suggesting 

the Middle and Late Noachian  were characterized by 

periods of temporary climate change rather than a con-

tinuously warm, wet climate. 

Method for Determining Ages:  Following the 

method outlined by Tanaka [7] for counting craters 

along narrow linear features, craters were counted on 

the east and west branches of the valley network sepa-

rately, and the crater density along these features were 

compared to that of the surrounding surface area.  Cra-

ters were counted only if they superposed the valley 

network to ensure they formed after the valley network.  

Craters smaller than 1.4 km were not counted due to 

resolution limitations and the desire to limit the number 

of secondary craters counted.  The number of craters 

counted in each size bin was normalized by dividing 

the count in that bin by the area contained within an 

envelope circumscribing the valley network and one 

crater radius adjacent to the valley network.   

Area= Av.n + Dcrater* ½ Cv.n. + Acrater  

where Av.n, Dcrater, Cv.n, and Acrater are the area of the 

valley network, crater diameter, valley network circum-

ference, and the crater area corresponding to the crater 

diameter, respectively.  The cumulative number of cra-

ters was determined by adding the normalized count in 

a given bin with the normalized counts in all larger bin 

sizes.   

Craters above about 22.6 km in diameter have 

ejecta blankets that cover too much of the surface to be 

able to determine their temporal relationship with the 

valley.  Several such craters are present at the southern 

extent of the older network and were not included in 

the crater count. 

 Cratering rates as a function of crater diameter 

change over time.  Older surfaces have a greater num-

ber of large craters, and a larger diameter at which the 

cratering reaches saturation equilibrium [8].  When a 

surface reaches a state of cratering equilibrium for a 

given crater size, every new crater on average removes 

an old crater.  We determined the saturation equilib-

rium size of each valley by comparing the slopes of the 

crater density on a logarithmic plot in which a slope 

steeper than about -1.8 indicates a state of production, 

a slope equal to -1.8 indicates equilibrium, and a slope 

less steep than -1.8 indicates a period of erosion or 

burial that has preferentially obliterated small craters 

[8,9].  

 Age isochrons from Hartmann [9] and Hartmann 

and Neukum [10] were added to the crater density plot 

to determine the approximate age of each branch of the 

valley network.   Uncertainties of up to a factor of 2 

exist for isochron data between crater sizes of 2 km and 

11 km due to differences in lunar crater databases for 

which the conversion factor between cratering rates on 

Mars and the moon is dependent [10], but this uncer-

tainty does not affect the relative ages of the two 

branches of the valley network being analyzed. 

Results:  Examining the younger, eastern branch of 

the valley network shows a lack of overlapping craters 

larger than 11 km, while on the western branch the 

overlapping craters increase in size until 22.6 km (the 

upper limit used in this study).    There are some cra-

ters larger than 11 km in diameter along the younger, 

eastern branch that appear to be older than the valley 

network itself.   These craters have shallow depth and 

flat interiors that suggest they have been filled-in, and 
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 Figure 1. A valley network in Arabia Terra with an 

older network to the west merging with a younger net-

work to the east.  Yellow arrows point to braided chan-

nels in the younger valley, which suggest formation by 

precipitation. Image is 100 m/pix THEMIS daytime IR, 

centered on 7°N, 31°E.  

Figure 2. Crater density plots for the local surface 

(blue), eastern branch of the valley network (pink), and 

western branch of the valley network (orange).  The 

western branch falls along the Middle-Late Noachian 

line, while the eastern branch boarders the Hesperian-

Noachian boundary, placing them roughly 120 m.y. 

apart. 

they are often overlapped or immediately adjacent to 

the younger valley network segments.  

 Figure 2 shows that the crater density plot for the 

local surface area and east and west branches of the 

valley network.  The overall trend of the younger 

branch has a steeper slope than –1.8 for crater sizes 

greater than 2 km, and therefore is in a cratering pro-

duction phase.  This branch may have reached an equi-

librium phase at craters smaller than 2 km, but there are 

not enough data points to confidently conclude this.  

The crater population for the younger branch falls right 

around the Hesperian-Noachian Boundary isochron 

(Fig 2).    

 The older branch is in a cratering production phase 

at crater sizes larger than 11.2 km, and is in equilib-

rium for crater sizes smaller than 11.2 km (Fig 2).  The 

slope decreases slightly for crater sizes smaller than 

5.66 km, suggesting the crater population overlapping 

this part of the valley network has experienced some 

subsequent erosion events that have removed some of 

the smaller crater population.  The overall trend of the 

older valley network branch runs parallel to and just 

below the Middle-Late Noachian Boundary isochron of 

Hartmann [9].   

  The overall trend of the local surface area has a 

shallower slope than would be expected for cratering 

equilibrium, indicating it has experienced some erosion 

events that have removed smaller craters. The data 

shows a state of equilibrium for craters between 22.6 

and 32 km, and a state of crater production at crater 

sizes larger than 32 km.  

 Conclusions:  We examined an Arabia Terra valley 

network system that has clear contributions from past 

precipitation in its formation.  Crater density determi-

nations indicate that there are two very different age 

valley systems in this network: one that is on the Mid-

dle-Late Noachian boundary and one that borders the 

Noachian-Hesperian boundary.  The gap in age be-

tween these valley network branches indicates two in-

dependent periods of hydrologic activity, roughly 120 

m.y. apart [10].  Each period of valley network forma-

tion caused erosion of the surface, removing smaller 

craters from the older surfaces.  The seperation in ages 

suggests the Middle to Late Noachian was character-

ized by periods of temporary climate change with in-

tense erosion rather than a continuously warm, wet 

climate. 
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