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Introduction of the discovery:  Few Martian surface 
features have received as much attention as the Eber-
swalde Crater ‘Puntative Delta’. Malin and Edgett [1] 
and Moore et al. [2] first described and interpreted the 
Eberswalde feature.  Malin and Edgett [1] interpreted it 
as an “exhumed and/or eroded remnant of a fluvial 
distributary network” on the basis of the connection to 
a developed drainage basin, sinuous, meandering fea-
tures, the three dimensional stratigraphic relationship, 
and the progressive transition from narrow to wide 
ridges.  From estimates of channel width, slope, and a 
Manning’s relationship, they estimated flow to be a 
few hundred cubic meters, postulating a highly uncer-
tain (due to unknowns) basin fill time.  Using similar 
observations but including the fans planar structure 
with abrupt drop off, conversing sinuous ridges, and 
digitate or ‘bird foot’ terminus, Moore et al. [2] con-
cluded that the feature was likely a river-dominated 
delta.  The meander morphology would require “re-
peated run-off events” and the combination of meander 
morphology, channel width, and drainage basin char-
acteristics converged on an average discharge of about 
700 m3/s with a formation time likely requiring thou-
sands to millions of years.   

Research continues:  Following these pioneering 
studies, many other efforts have evaluated different 
aspects of the Eberswalde deposit.  Jerlomack et al. [3] 
noted that the slope of the upper fan was similar to 
alluvial fan surfaces and, arguing that meanders could 
form on such surfaces, assumed the feature was depos-
ited as an alluvial fan and used the model [4] to invert 
the topography and estimate a minimum formation 
time of several decades to centuries that did not require 
standing water in the crater basin.  Bhattacharya et al. 
[5] mapped a series of avulsions on the Eberswalde 
feature and concluded that, in order to form a delta 
with such a pattern, the lake in the associated crater 
basin must have lasted for al least 150,000 years.  
Wood [6] also mapped the surface in detail and based 
on the sinuosity of the meander bends and ridge-and-
swale point-bar morphology to suggest that there must 
have been stable periods of surface discharge during 
formation and the feature was therefore a delta.  Lewis 
and Aharonson [7] used stereo derived topography to 
measure layer orientation to support the hypothesis that 
the low angle layers formed as an aggradational delta 
with minor erosion of the terminal deposit.  Following 
their identification of large (~1 m) boulders in the de-
posit, Howard et al. [8] estimated discharge rates and 
flow depths to range from ~300 to ~11000 m3/s de-

pending different flow parameters.  Pondrelli et al. [9] 
examined the deposit through the lens of sequence 
stratigraphy to try to establish a history of basin filling 
which they  interpreted as decreasing water levels over 
time.  About the same time, Fedo et al. [10] and Kraal 
and Postma [11] using detailed image analysis and 
stream table experiments, respectively, raised concerns 
about the likelihood of a long-standing deltaic system 
in Eberswalde Crater. 

A timely issue:  Finally, the Eberswalde Crater is a 
finalist landing site candidate for Mars Science Labo-
ratory (MSL).  Therefore, additional studies have fo-
cused on the landing ellipse (located just to the east of 
the sedimentary feature discussed above) where the 
geologic units filling the crater have been characteris-
tized in great detail in preparation for the final landing 
site selection (e. g. [11]).  Obviously, understanding 
the major depositional feature within the crater will be 
key to interpreting scientific results if MSL lands in the 
Eberswalde Crater. 

A return to Multiple Working Hypothesis:  By far, 
most of the interpretations of the Eberswalde Deposit 
have focused on a deltaic origin.  The initial discovery 
papers came to this conclusion and the majority of 
following research has focused on refining these 
mechanisms and ideas.  As the types and quality of 
data have increased, the mechanisms and conditions 
for deltaic deposition have grown increasingly com-
plex. While on the surface much of the research seem 
to agree, some of the detailed mechanisms fundamen-
tally disagree.  For example, certain requirements 
(such as high flow velocity to transport boulders as 
proposed by Howard et al. [8]) are at odds with de-
creasing stream power for sediment deposition at base 
level on delta fans.  Other hypotheses, like eposidic 
alluvial deposition proposed by Jerlomack et al. [3] 
and migrating meander bends as proposed by many 
researchers (e. g. [1,2 5 6]) that have complex se-
quences of erosion and deposition are at odds with the 
continous, low angle layers carefully mapped by Lewis 
and Aharonson [7].  

Inconsistencies such as these warrant a re-evaluation of 
all possible working hypotheses to determine what the 
most likely formation process(es) is/are and what im-
plications the Eberswalde deposit has for the surficial 
and climatic history of Mars.  Possible formation 
mechanisms for this deposit are wide ranging and iden-
tified possibilities include: 
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- Erosional Feature – The selective erosion of 
pre-exisiting horizontal layers (as proposed by 
Fedo et al [10]) 
 

- Delta – Proposed to be of different types and 
structures including agraddational with 
meandering channels [e. g. 1,2,5,6]. 
 

- Depositional Fans – Two other end members 
– alluvial fans (as proposed by Jerlomack et 
al. [3]) and debris flows (as proposed by 
Kraal and Postma [11]) can also form many 
of the morphologies observed. 

 

Ultimately, for any and all of these hypotheses, the 
smallest details must be compared to the existing data 
and to each other.  For example, Lewis and Aharonson 
[7] clearly describe the continuity and angle of the 
layers in the deposit - How does each aspect of these 
hypotheses compare to their observations? 

Summary:  In order to address these issues, we 
must consider all possibilities of formation for this 
deposit and carefully, and honestly, address all of the 
inconsidencies of each hypothesis with all of the data 
available as well as being open to changes as new data 
is collected.  Ongoing work integrating existing data 
sets, hypotheses, terrestrial analogs, and newly re-
leased images suggest that feature formation as a fan 
(delta/alluvial/debris) is more difficult to reconcile 
with data and Martian conditions that researchers pre-
viously considered. 
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