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Introduction: Past studies have shown that fluvial ac-
tivity was once more widespread across the southern high-
lands than previously thought, including the formation of 
candidate paleolakes which have been classified as being 
either open (i.e., having both an inlet and outlet valley) or 
closed (i.e., having only an inlet valley) [e.g., 1-3]. Previ-
ous analyses of closed-basin lakes (CBLs) on Mars used 
Viking Orbiter data [1,2] to identify candidate paleolake 
sites. Using recently acquired high-resolution data [4-7], 
we present an updated catalog of candidate closed-basin 
lakes found in impact craters.  

Methods: This analysis used a combination of gridded 
topographic data from the Mars Orbiter Laser Altimeter 
(MOLA) [4] and the ~100m/pixel global daytime infrared 
mosaic from the Thermal Emission Imaging System 
(THEMIS) [5] to recognize inlet valley features debouch-
ing into candidate paleolakes in impact craters. Additional-
ly, Mars Reconnaissance Orbiter (MRO) Context Camera 
(CTX) [6] and High Resolution Imaging Science Experi-
ment (HiRISE) [7] images were used for higher-resolution 
examination of candidate inlet and outlet valleys. 

To execute the search, a grid from 60°N to 60°S across 
all longitudes was used to search for impact craters with 
inlet channels but no apparent outlet channel. To distin-
guish them from open-basin lakes [3] and to be included in 
the catalog, the impact crater must have an inlet valley 
based on present topography as well as no identifiable out-
let valley (Fig. 1).  

Results:  Based on our search we found evidence for 
387 possible closed-basin lakes that are widespread across 
the southern highlands (Fig. 2). From the 387 closed-basin 
lakes we found, we identified three different types of inlet 
channels that we have termed: short, long and interior dis-
section. Examples of each type are shown in Figure 1.  

Short Inlets. Craters mapped as having short inlets are 
those whose inlet valleys breach the crater rim but have 
abrupt origins and do not extend far away from the crater 
rim, typically less than 10 km (Fig. 1a). We identified 281 
craters (~73% of the total catalog) as candidtae closed-
basin lakes with short inlets. Within these candidate 
closed-basin lakes, 36 had an associated sedimentary de-
posit (e.g., alluvial fans or deltas). Some of these associat-
ed sedimentary deposits provide evidence of a past stand-
ing body of water, and also provide an indication of the 
approximate level of ponded water (i.e., to the topset of the 
delta deposits). It is interesting to note that the majority of 
the sedimentary deposits found in our entire survey of 387 
craters (~88%) were accompanied by this type of inlet. 

Long Inlets. Closed-basin lakes with long inlets were 
identified in 34 craters (~8%). To be mapped as a long 
inlet closed-basin lake, the inlet valley had to breach the 
rim of the crater and extend out from the crater rim to 
lengths typically greater than 25 km (Fig. 1b). These inlet 
valleys are often part of larger drainage systems with con-
tributing tributaries, and many of the long inlet channels 
displayed characteristics similar to typical valley networks 
[e.g., 8]. In four of these candidate paleolakes, evidence for 
an associated sedimentary deposit was found. Gale Crater, 
currently being explored by Mars Science Laboratory, is an 
example of this type of closed-basin lake.  

Interior Dissection. Interior dissection, with examples 
of fluvial activity only on the interior walls of the crater, 
and no breach of the crater rim, characterized 72 candidate 
closed-basin lakes (Fig. 1c). An associated sedimentary 
deposit was found in only one of these paleolakes. 

Geographical Distribution. The candidate closed-basin 
lakes found in this study are widely distributed across the 
southern highlands. There is a high concentration between 
65°W and 110°E and near the dichotomy boundary. The 
global distribution of each type of inlet valley can be seen 
in Figure 2. The short inlets (white dots), are found across 
several terrains with concentrations in the Arabia Terra-
Noachis Terra region as well as Terra Sabaea. Long inlets 
(black dots), are found across several regions as well, in-
cluding the Terra Sabaea and Terra Cimmeria regions. 
Candidate closed-basins with substantial interior dissection 
(red dots) are spread across several different terrains.  

It is interesting to note that, to first-order, the global 
distribution of the candidate closed-basin lakes is similar to 
that of the 210 open-basin lakes studied by [3] (green 
dots), which are also widespread across the southern high-
lands. There is, however, a high concentration of short 
inlet closed-basin lakes in the Arabia Terra region (20°N, 
30°E) where few open-basin lakes are found.  

Discussion: Our results indicate that candidate closed-
basin lakes are far more widespread than suggested by 
previous studies [e.g., 1,2], due to our use of more recent, 
higher resolution data. It is difficult to say definitively that 
all of these breached impact craters were indeed lakes (i.e., 
had standing water); having an inlet does not mean that 
water ponded within these craters to form lakes. The pres-
ence of an inlet and lack of an outlet does, however, enable 
us to assess maximum levels of flooding within these po-
tential paleolakes, as they can not have been flooded to a 
level where the crater rim would have been breached to 
form an outlet. Such analyses are underway. 
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Figure 1.  Example of each type of candidate closed-basin lake reported in the text. (a) Short inlet, 144.06°E, 9.547°S; CTX 
images used: P16_007158_1703, B02_010230_1715. (b) Long inlet, 58.732˚W, 5.529˚N; CTX images used: 
P20_008866_1844, P03_002247_1847, B17_016369_1853,B17_016158_1882, background is global, 100 m/pixel THEMIS 
mosaic. (c) Interior dissection, 45.332˚W, 23.634˚S; CTX images used: B19_018874_1561, B18_016540_1579, 
B07 012360 1561. Arrows show location of inlet features (a,b) and interior dissection (c).       

Figure 2. Global distribution of candidate closed-basin lakes on Mars. Short inlets (white dots), long inlets (black dots), interior 
dissection (red dots) and open-basin lakes (green dots).  Background image is a topographic map of Mars (MOLA), overlain on the 
global, 100 m/pixel THEMIS mosaic.   

In terms of timing it is not yet clear whether all of these 
candidate closed-basin lakes were active during the same 
period of martian history. Long, integrated inlet channels 
with typical valley network morphology [e.g., 8] appear to 
be rare; it may be that the fluvial activity associated with 
the other types of candidate closed-basin lakes (short inlet 
and interior dissection) was not contemporary with the 
majority of valley network formation on Mars, typically 
thought to have ceased near the Noachian-Hesperian 
boundary [e.g., 8]. This is a very important question for 
constraining the timing of fluvial activity on the surface of 
Mars, and is being actively pursued.  

Future Work: In order to further characterize the cata-
log of closed-basin lakes presented here, we are collecting 
morphometric data on the candidate closed-basin lakes. 
This includes maximum lake volumes, areas, elevation of 

the lowest point on the rim (i.e., where an outlet valley 
would have breached based on current topography), shore-
line length, shoreline development index, degradation state 
of the crater using the crater degradation criteria outlined 
by [9], and resurfacing mechanisms for each basin [e.g., 
10]. 
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