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Introduction:  Giant outflow channels, interpreted 

to have been carved by catastrophic water floods de-

rived from confined subsurface aquifers, are well do-

cumented on the surface of Mars [1, 2]. These enorm-

ous channels, although reasonably well studied, still 

elicit fundamental questions as to their origin and evo-

lution. Addressing these questions is of great signific-

ance to reconstructing the evolution of the martian hy-

drologic cycle because these channels record the larg-

est movements of surface water on the planet [3]. 

It is difficult to reconstruct the evolution of outflow 

channels from preserved geomorphology because prior 

stages in channel erosion are only partially preserved. 

Here we take advantage of the preservation of the fos-

silized remnant of a giant cataract midway along a tri-

butary to Ares Vallis outflow channel. We combine 

new image and topography data with high-resolution 

crater statistics to reconstruct the evolution of a giant 

martian cataract within a tributary to Ares Vallis. The 

target tributary canyon is a southeast–trending linear 

feature that is sourced by Hydapsis Chaos and cuts 

through the Xanthe Terra highland terrain before it 

joins with Ares Vallis (Fig. 1). It is subdivided into two 

reaches, the upper canyon (Su) and the lower canyon 

(Sl), by a prominent 300-m-high cataract (Fig. 1, 2) 

We posit that cataract initiation, retreat, and vertical 

incision within the tributary canyon were triggered by 

drops in base level at its mouth, a direct result of pro-

gressive incision of the main branch of Ares Vallis 

during a period of long-lived episodic flooding within 

both flood systems. Our results shed light on mechan-

isms of erosion and evolution of the martian outflow 

channels and provide an important data point for the 

assessment of long-term hydrologic activity from two 

independent flood sources in the planet’s equatorial 

regions. 

Methods:  To describe the tributary channel sys-

tem, we analyzed Mars Express High Resolution Ste-

reo Camera (HRSC) digital terrain models (DTMs) (75 

m grid spacing) and HRSC orthoimages (12 m pixel
–1
), 

and Mars Reconnaissance Orbiter high-resolution Con-

text Camera (CTX) images (6 m pixel
–1
), derived CTX 

DTMs (18 m grid spacing), and High Resolution Imag-

ing Science Experiment (HiRISE) images (25 cm pix-

el
–1
). [4, 5]. 

Topography of Upper Canyon (Su): The broad 

canyon upstream of the cataract (Su) is several tens of 

kilometers wide and is incised as much as 450 m into 

 
Fig 1: A: HRSC color-shaded DTM (70 m) showing 

the medial region of Ares Vallis and the tributary can-

yon. Tributary canyon is centered at 8°N, 336°E. The 

lower surface of the tributary canyon (Sl) is confluent 

with the perched flood channel in Ares Vallis (SP1). B: 

Regional context image. 

 

 
Fig. 2: CTX DTM (18 m) of the relic cataract within a 

tributary canyon to Ares Vallis. 

 

cratered plains material. The basal surface of the can-

yon contains multiple sets of intersecting and truncat-

ing subparallel grooves, streamlined bedrock remnants, 

and streamlined impact craters. The grooves originate 

from Hydapsis Chaos and converge at the cataract 

downstream (Fig. 1, 2).  

Topography of the Cataract: The cataract is an 

~300-m-high headwall that is ~15-km-wide, and has a 

maximum slope of 20°. It has a crenulated face that is 
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etched by a series of 200 m to 1-km-diameter amphi-

theater-shaped headcuts that erode back into Su by as 

much as 4 km (Fig. 2).  

Topography of Lower Canyon (Sl): The lower 

canyon downstream of the cataract (Sl) forms a 15-km-

wide, 90-km-long, and 600-m-deep box canyon incised 

into bedrock (Fig. 1, 2). The channel floor has a slope 

of 0.07°. In its distal reach, Sl is confluent with a broad 

(70-km-wide), west-east–trending perched flood-

eroded channel (SP1) at the western margin of the main 

canyon of Ares Vallis (Fig. 1). This channel is ~650 m 

above the fl oor of Ares Vallis and ~300 m below Su at 

the cataract. 

Chronology of Flood Erosion: Figure 3 illustrates 

the cumulative crater frequency curves for Su, Sl, the 

surrounding highlands, and the deepest channel of Ares 

Vallis. The curve for Su (Fig. 3A) shows two distinct 

kinks in the slope from the established chronology 

functions. This pattern of abrupt slope change is in-

dicative of rapid crater resurfacing by either burial or 

erosion [6]. Given the morphologic evidence for flood 

grooves, streamlined remnants, and terraced channels, 

the two kinks in the data likely indicate two erosional 

resurfacing events at 3.7 Ga and 2.7 Ga.  

Sl lacks craters with D > 900 m and shows no evi-

dence in the cumulative frequency curve for multiple 

resurfacing events (Fig. 3B). For craters with D = 400–

900 m, the curve provides an Early Amazonian model 

age of 2.6 Ga. We suggest that the last major resurfac-

ing event on Sl corresponds with the Early Amazonian 

event on Su. The absence of a large crater population 

(D > 900 m) on Sl suggests that flood erosion was re-

sponsible for complete resurfacing of the pre-flood 

impact crater population. However, the preservation of 

a pre-flood crater population on Su suggests that the 

same floods were not capable of complete resurfacing 

here. This indicates a significant difference in the rate 

of vertical incision between the two surfaces, suggest-

ing that major flood erosion of the canyon is accom-

plished primarily by lateral cataract retreat. 

Discussion: We propose that cataract retreat was 

initiated by a change in base level at the confluence of 

the tributary and Ares Vallis, during a period of long 

lived flood activity in both systems. The chronology 

data indicate that flooding occurred within the tributary 

channel over ~1 b.y. of Mars history (3.7–2.6 Ga), cor- 

responding closely with the onset and termination of 

flood activity within Ares Vallis [7]. The coincidence 

in timing of the erosion events within Ares Vallis 

(sourced at Iani Chaos) and the tributary canyon 

(sourced at Hydapsis Chaos) may suggest a regional 

mechanism for the initiation and cessation of circum-

Chryse floods. Figure 3D provides a crater cumulative  

 

 

 
Fig. 3: Cumulative crater frequency curves for the tri-

butary channel, highland craters surrounding the tribu-

tary and Ares Vallis. 

 

frequency curve for the deepest surface within the main 

channel of Ares Vallis, from Iani Chaos to the mouth 

of the canyon. On the channel floor, impact craters 

with D < 2 km indicate a model resurfacing age of ca. 

2.5 Ga. Given the average error in the model age esti-

mates (±0.13 Ga), the time of final flood erosion in 

Ares Vallis corresponds closely with and perhaps oc-

curred immediately after the Early Amazonian-age 

final flood event that eroded Su and Sl (Fig. 3). We 

suggest that cataract retreat and incision that created Sl 

began due to a base-level drop associated with forma-

tion of SP1, within only a few hundred million years of 

the final base-level drop in Ares Vallis (Fig. 1). 

Conclusion:  Our results confirm that cataract re-

treat, controlled by base-level changes within long-

lived flood systems, was an important process in the 

erosion of outflow channels on Mars. Furthermore, our 

results support a new paradigm of martian outflow 

channel evolution that requires long-lived (~1 b.y.) 

episodic flood activity [7], and suggest a regional me-

chanism for fl ood initiation with concurrent groundwa-

ter release from Hydapsis Chaos and Iani Chaos at 3.7 

Ga. 
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