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Introduction: It has been proposed that a system of 
giant lakes existed in a series of structural basins at the 
eastern end of Valles Marineris on Mars [1-4]. Howev-
er, the mechanism and chronology of water release 
from this equatorial water reservoir and its connectivi-
ty to the global, surface hydrology are poorly con-
strained. Using a new High-Resolution Stereo Camera 
(HRSC) digital terrain model (DTM) and a Mars Re-
connaissance Orbiter Context Camera (CTX) image 
mosaic we demonstrate that spillover of independent, 
kilometer-deep lakes that were present within the ba-
sins led to incision of catastrophic outflow channels in 
the late Hesperian. The data indicate that lake spillover 
was responsible for kilometers of vertical flood inci-
sion of bedrock barriers that existed between isolated 
structural basins, a response to significant base level 
differences between draining lake surfaces and the 
floors of downstream basins. From our observations, 
we propose a regional mechanism of basin fill and lake 
spill that resulted in the formation of a through-going 
hydrologic system between a voluminous (~105 km3) 
equatorial water supply and the northern basin of Mars.  

Results: Using impact crater statistics [5] we ana-
lyzed the timing of basin formation of Eos and Aurorae 
Chaos, two structurally-controlled chaotic basins that 
lie at the eastern end of Valles Marineris [6] (Fig. 1). 
The basin chronology provides a maximum age con-
straint on when water was present in the system. Using 
only craters with diameter (D) > 2 km, we acquired an 
early Hesperian model age of ~ 3.6 Ga for the devel-
opment of both basins. This crater retention age is sim-
ilar to the general late Noachian – early Hesperian es-
timate for basin development provided by [6, 7].  

Resting unconformably on top of the chaotic blocks 
of the floor of Capri Chasma and western Eos Chaos, 
the ~4-km-thick, interior layered deposit (ILD) Capri 
Mensa provides evidence for a process of post-basin 
sedimentation [8, 9]. The mound comprises sub-
horizontally layered, light-to-medium toned deposits 
that show only minimal evidence in its basal layers for 
disruption by syn- or post-depositional deformation. 
To elucidate the timing of when ILD infill terminated 
in the Capri-Eos basin, we obtained impact crater sta-
tistics from the well-preserved mantled surface at the 
top Capri Mensa, including all craters with D > 100 m. 
The statistics indicate a significantly younger late Hes-
perian crater retention age of 3.1 Ga +0.09/-0.13 by 
comparison to the basin floors. The crater statistics 
confine the timing of regional basin sedimentation to a 
0.5 Ga period within the Hesperian. 

 
Fig. 1: HRSC DTM of the eastern region of Valles 
Marineris. Outflow channels in Fig. 2 are highlighted. 
 

 
Fig. 2: HRSC DTM overlain on the CTX mosaic dis-
playing flood channels A, B, C, D, and E in the Eos-
Aurorae Chaos region.  
 

The basin and ILD chronology data provide an im-
portant constraint on the development of hydrologic 
sinks in the eastern Valles Marineris region. Here, we 
present new geomorphic and chronologic data that 
specifically links this basin chronology to processes 
that indicate liquid water within the system, including 
the development of lakes and draining of these lakes to 
form outflow channels. Four major outflow channels 
emerge from the basins of Capri Chasma and Eos 
Chasma (Fig. 1, 2). The primary outflow channels are 
characterized by distinct bedrock erosion surfaces (Fig. 
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2). An outflow channel that exits north from Aurorae 
Chaos (Fig. 1) into the circum-Chryse region was also 
identified (Fig. 2). Each channel that is associated with 
the Capri, Eos, and Aurorae basins exhibits topograph-
ically distinct terraced, grooved flood-erosion surfaces. 
The individual flood erosion terraces are indicative of 
a process of progressive vertical flood incision that 
was responsible for eroding pre-existing topographic 
barriers that separated each of the basins. The highest 
grooved terrains associated with Capri Chasma and 
Eos Chaos, A1, C1, and D1, emerge at significantly 
different locations along an approximately 450-km-
long arc that comprises the northeastern rim of the 
Capri-Eos basin system (Fig. 1). However, from the 
HRSC topography data, each flood channel emerges 
from the basin rim at a remarkably similar elevation of 
~1000 m (Fig. 2). This indicates a significant topo-
graphic control on the initiation of flooding from a 
broad region across the Capri-Eos basin system and is 
most consistent with the release of water from a topo-
graphically distinct water source, i.e. an equipotential 
lake surface. Our topographic analysis refines previous 
suggestions that the earliest phase of flooding in this 
region occurred initially at this elevation only from 
lake spillover out of Capri Chasma [2].  

A key requirement for the single lake spillover hy-
pothesis is that the outflow channels associated with 
the Capri-Eos basin were carved at approximately the 
same time, a result of a process of lake fill and subse-
quent spill. Using CTX imagery overlain on the HRSC 
DTM (Fig. 2) we identified clear morphological evi-
dence of time synchronous flooding out of Capri 
Chasma and Eos Chaos. For example, flood grooves 
on the topographically highest surface of A1 are cross-
cut by flood grooves within Eos Chasma on B1, indi-
cating that drainage out of Capri Chasma may have 
initially preceded flow from Eos Chaos. However, the 
topographically lowest grooved terrains of surface A, 
including A2 and A3, subsequently destroyed the B1 
surface (Fig. 2). This indicates that northeast-directed 
flow out of Eos Chaos occurred within approximately 
the same time period as flow out of Capri Chasma.  

To quantify the chronology for flood erosion out of 
the Capri-Eos system we obtained impact crater statis-
tics (D > 100 m) for all measureable flood channels. 
The data indicate a statistically identical resurfacing 
event in the late Hesperian at 3.0 Ga +0.05/-0.06 (av-
erage error) for each flood channel. The chronology 
data support the geomorphic observation of time syn-
chronous flood incision through each draining outflow 
system. Furthermore, the late Hesperian resurfacing 
age is remarkably similar to the crater retention age of 
the upper surface of the Capri Mensa ILD mound (Fig. 
1). We therefore suggest that the late Hesperian con-
straint represents the time of abandonment of the Capri 
Mensa mound when water evacuated the general re-

gion of Capri Chasma and isolated the upper surface of 
the mound from sedimentation. We conclude that the 
most likely scenario that accounts for the topographic 
constraints on the initiation of simultaneous flooding, 
abandonment of ILDs and channel surfaces, and the 
relative chronology of the basins, ILDs, and channels 
is the spillover of water from a single equipotential 
lake surface that uniformly drained a conjoined Capri-
Eos basin. 

Discussion and Conclusions: Our new data 
demonstrate that the Capri-Eos flood channels were 
created by spillover of a late Hesperian-age lake. How-
ever, it is the extent of vertical flood incision within 
the draining channels that provides the important clue 
regarding the connectivity of this lake to downstream 
basins and channels. For example, the topographically 
highest grooved surface in Eos Chasma (B1) is 
perched above the chasma floor at an elevation of ~500 
m (Fig 2). Topographically lower, flood-carved surfac-
es of B2-B5 provide evidence for a total of ~4.6 km of 
vertical incision of the highland terrain. Importantly, 
the longitudinal grooves on the topographically lowest 
surface, B5, occur at the same elevation as the current 
floor of the downstream basin, Aurorae Chaos (- 4100 
m). Incision to this depth over a relatively short dis-
tance (~200 km) requires that a significant initial gra-
dient was present between the water source and its 
downstream sink. This can be best explained if the 
floor of Aurorae Chaos, at its current elevation, set the 
base level for a lake that drained from the 1000 m con-
tour out of the Capri-Eos basin.  

From our chronologic and topographic constraints 
we propose a regional mechanism of lake fill-and-spill 
that led to integration of the equatorial basins in the 
eastern Valles Marineris region with ultimate flow into 
the circum-Chryse region of Mars. We envisage kilo-
meter-deep lake systems that existed within the up-
stream structurally isolated extensional basins of east-
ern Valles Marineris, including the Capri-Eos basin 
and possibly Valles Marineris itself. Massive base lev-
el differences between upstream lakes and the down-
stream basins created a metastable system that stabi-
lized only through integration of the basins by cata-
strophic flooding.   
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