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Introduction: During a survey of Open Basin
Paleolakes (OBPs) on Mars, based on earlier investigations [1, 2], a system of three OBPs was discovered in Erythraea Fossa (31.5 W, 27.3 S), directly
east of Holden Crater (fig. 1). Their location suggests that they were fed, at least partially, by nivial
or pluvial precipitation, and well-preserved fan deposits and channel switching suggest several phases
of fluvial activity in the area.

Figure 1. Context of Erythraea Fossa with Holden Crater, Paràna Valles, Yegros Crater and Lake 65 from
[1]. North is up in all images.

sa because the impact would have destroyed the
well-preserved fan deposits. The Holden impact
dates to Late Noachian times [3], which is consistent
with the timing of other OBPs (Late Noachian to
Early Hesperian times) found in other studies [4].
The three OBPs in Erythraea Fossa, (fig 2) the East,
Middle, and West basins, are divided by slumps and
underlying bedrock topography. The East basin is
fed by a long valley coming from the east and by
various runoff sources from the plains to the north
and south of Erythraea Fossa. The Middle basin is
fed primarily by a channel leading from the East
basin to the Middle basin and by some runoff
sources from the plains to the north and south of
Erythraea Fossa. The heights of the channel connecting East basin to Middle basin, of the inlet to East
basin, and of the outlet from Middle basin are all 390m. This outlet led to an 800 m wide, 4.5 km
long channel that drops down a 2° slope and ends in
a long fan deposit in West basin.

Figure 3. A. Topographic profile of Erythraea Fossa
for the line drawn in B. It is apparent from the topography that East and Middle Basin would join during
times of high precipitation.

Figure 2. Sketch of Erythraea Fossa.

Attributes of the Erythraea Fossa OBPs: The
graben in which the three OBPs are located extends
east from Tharsis. The Holden impact postdates the
graben but predates fluvial activity in Erythraea Fos-

Water in the West basin was constrained to a
maximum elevation of -570 m by a 100 m deep, 1
km wide outlet channel at the northwest end of Erythraea Fossa that runs down a 2° slope to the northeast where it debouched into the proto-Holden crater
and eventually into the Margaritifer Basin [5]. The
West basin was fed by the channel coming out of the
Middle basin, by valleys from the western and
southern plains, and also, to a lesser extent, runoff
from the north. Based on the constraints of the inlet
and outlet heights, the paleolakes in the East and
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Middle basin combined had a surface area of 183
km2 and a volume of 23.1 km3, and the West basin
supported a lake with a surface area of 271 km2 and
a volume of 32.7 km3.

Figure 4. Well-preserved fans leading into West Basin.
Most fans (unhighlighted) lead into the shallow end of
West Basin, but one (in red) leads into the deep end.

There are differences in the structure of the north
wall and the south wall of Erythraea Fossa that are
due to the locations of the drainage divides on the
north and south plains. The north plain has a divide
less than a kilometer away from the rim of the graben, so most of the precipitation is directed away
from the graben and much of the erosion of the north
wall has been dry. The drainage divide on the southern plain is farther away from Erythraea Fossa, so
the drainage area into the graben is larger. This
fluvial activity from the south created well-preserved
fans that extend perpendicularly to the south wall
and are composed of a light-toned material. Unfortunately, there is no CRISM spectral data available
yet for this area, so the composition of the fans is
still unknown.

Figure 5. A. High, thin and well-networked valleys. B.
Thicker, high intersecting valleys. These features are
located on the west-facing side of the broad drainage
divide shown in fig. 2. and are indicative of pluvial
precipitation. It is likely that secondary cratering has
destroyed some of the networking.

Evidence of Precipitation: The valleys that feed the
southern fans and that lead into Erythraea Fossa
from the north originated from drainage divides,
local topography maxima which peak at 500 to
700m. These are likely to be too high for their

source to be groundwater that did not come from
precipitation [6]. However, the evidence for whether
the precipitation was pluvial or nivial is mixed.
Some of the valleys running from the drainage divide are thick, run parallel to each other and originate near, but not at the top, of the divide. This pattern is similar to meltwater runoff from a snowcapped peak or glacier and points to nivial precipitation at high altitude. However, some of the valleys
are interconnected and networked intricately, creating complex networks that originate at the top of the
drainage divide; these are more consistent with
pluvial precipitation [7].
Evidence of Phases of Fluvial Activity: There are
two lines of evidence which point to phases of varying intensity in the fluvial activity in Erythraea Fossa. One of the fans that comes from the south is
deposited on the fan that comes out of Middle Basin.
Based on this, the south fans were deposited after the
last time Middle Basin overtopped, though they may
have been deposited contemporaneously as well.
Additionally, the channel stemming from the outlet
of West Basin used to have two stable channels until
the larger one (100m deep and 1km wide) undercut
the smaller, but still significant, one (30m deep,
400m wide). This is evidence of a change in fluvial
conditions, probably a large inundation which overtopped West Basin, causing a channel-switching
event.

Figure 6. A. Channel switching in the outlet valley
from West Basin. B. A south fan (red) superposes the
fan leading from Middle Basin into West Basin (blue).
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