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Introduction:  Rivers and their deposits are diag-

nostic of hydrologic cycling at the surface of planets, 

and have been identified on Earth, Mars, and Titan [1]. 

Single-thread rivers, in particular, carry the fluid and 

sediments downslope within a single, straight-to sinu-

ous channel. To be single-threaded, alluvial rivers 

need strong banks to hold their fluid within a stable 

and relatively narrow channel [2]. Given low 

width:depth ratios, flows within sinuous channels de-

velop a helical pattern that is responsible for concur-

rent outer bank erosion and inner bank accretion, al-

lowing the channel to migrate laterally [3].  

Although several agents could in theory provide 

the bank strength required to resist erosion at low 

channel width:depth ratios, recreating single-thread 

rivers in flume experiments has proven challenging [4-

6]. One of few successful experimental attempts 

formed a single-thread river by seeding overbank ma-

terials in the flume with alfalfa sprouts [6]. Further-

more, few modern single-thread rivers exist on Earth 

today where there is no vegetation. Finally, the archi-

tecture of fluvial deposits worldwide displays a major 

shift throughout the timespan that coincides with the 

Paleozoic greening of Earth’s continents, a line of evi-

dence that sedimentologists interpret as the signature 

of important changes in river biogeomorphology. Spe-

cifically, the state-of-the-art interpretation is that, 

through rooting and production of pedogenic clays, 

land plants permitted the stabilization of single-thread 

rivers on Earth [7].  

However, observations from another world – Mars 

[e.g., 8] – are clearly at odds with the plant-driven 

bank-stabilization hypothesis (Figure 1). Thus, alt-

hough plants clearly play a major control on how river 

deposits are preserved in the rock record, an alterna-

tive stabilization mechanism is required to explain the 

single-thread-river deposits of early Mars.  

 

Hypothesis: Although other agents could provide 

the bank strength required to resist erosion, clays are 

perhaps the lowest common denominator between 

Earth and early Mars. We herein test the hypothesis 

that single-thread rivers may readily form within clay-

rich banks in the absence of land plants. 

 

Model: To explore the stability of single-thread 

rivers within a broad range of granular substrates, in-

cluding clay-rich sediments, we build a theoretical 

model that predicts the equilibrium width:depth ratio 

(W/h) of rivers as a function of bank materials based 

on an empirical flow stress-partitioning model [9-10], 

a model for bank erosion as a function of grain size 

(dbank) [11], and the assumption that flow stresses 

along riverbanks are near the threshold for bank ero-

sion [12]. The river’s W/h can then be used as a proxy 

for river planform geometry, with single-thread rivers 

predicted to form when W/h < ~200 [2].  

 

 
Figure 1: Sinuous ridges of Aeolis Dorsa, Mars, inter-

preted as inverted deposits of ancient single-thread 

rivers. The ridges are thought to consist of channel-fill 

materials and the floodplain deposits to have eroded 

away. 

 

Model Results and Tests: The model predicts that 

single-thread rivers may readily form in the absence of 

land plants within a broad range of granular bank ma-

terials on both Earth and Mars (Figure 2). Since the 

Paleozoic greening of Earth’s continents, plants have 

adapted to most ecological niches and climates, and 

there are very few non-polar areas on Earth that have 

active streams while being devoid of plant life today. 

Furthermore, very few studies had focused on those 

river systems [14], leaving a small number of experi-

mental studies [e.g., 4-6] as the sole testing grounds 

for our model. Thus, to further test our model predic-

tions with full-scale river systems, we identified and 

collected data from a suite of modern single-thread 

rivers that form in the absence of overbank vegetation 
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in endorheic basins of the Western United States – the 

Amargosa River (California) [15], washes within the 

Bonneville Basin (Utah) [16], and the McLeod Springs 

Wash [17] and Quinn River [14] (Nevada). Collected 

data independently support our model predictions 

(Figure 2).  

 

 
Figure 2: Predicted stability field of single-thread riv-

ers in the absence of land plants on Earth, and compar-

ison with field data (adapted from [13]). 

 

Implications for Martian Rivers: Owing to the 

lower martian gravity, martian rivers are predicted to 

be generally narrower than their terrestrial counterparts 

at any given slope, and the relative width of martian 

rivers relative to their terrestrial equivalents are ex-

pected to be a function of bank grain size (Figure 3). 

Conversely, rivers of a similar width on both planets 

are expected to have steeper bed slopes (S) on Mars to 

yield bank stresses that surpass the erosion threshold 

of bank materials. These predictions are qualitatively 

consistent with the empirical predictions of [18].  

Combining model predictions with orbiter-based 

observations and independent estimates of bed slope 

and channel depth [18-19], our model can be used to 

infer grain size within the now deflated bank materials 

of the sinuous ridges at Aeolis Dorsa [8]. Although 

orbiter-based imagery does not permit to draw defini-

tive conclusions, future in situ observations of martian 

meandering-river deposits could be interpreted in light 

of the model to constrain whether bank strength was 

provided by clays, chemical cements, or ground ice. 

Such scenarios, in turn, may disclose distinct implica-

tions for the surface environment and climate of Early 

Mars. 

 

 
Figure 3: Predicted stability field of single-thread riv-

ers on Mars (adapted from [13]). 
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