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Introduction:  One of the most intriquing features 

of the surface 

of near-Earth 

asteroid Eros 

are the so-

called 

“ponds”, 

smooth areas 

at the bottom 

of craters (Fig. 

1) [1].  Similar 

smooth areas 

have been 

observed on 

other asteroids 

[2].  The major properties of the Eros Ponds are that 

they (1) have distinctive flat floors sometimes showing 

non-central 

downside 

movement, (2) 

have sharp 

boundaries, (3) 

have uniform 

morphology, 

color and al-

bedo, (4) typi-

cally have a 

radius ~1/3 the 

diameter and a 

~5% of the 

depth of the 

host crater 

diameter and 

that they are 

not concentra-

tions of a uni-

form wide-

spread ejecta, 

and (5) can be 

seen on other 

(noncrater) 

depressions 

[3].  Addition-

ally, (6) the 

Eros depres-

sions appear 

preferentially 

at locus of 

sub-solar point and they are more abundant in regions 

of lower gravity.  Regions of ponded regolith on aster-

oids were predicted by Cintala et al. [4] as a result of 

seismic shaking and this interpretation has been applied 

to the Eros ponds [5].  It has also been suggested that 

they are due to electrostatic processes occurring on the 

dry dusty microgravity environment [1].  With the re-

cent discovery of water on Vesta’s surface, and its be-

havior during energetic events like impact, we suggest 

a role for volatiles in the formation of the Eros ponds.  

Laboratory Simulations:  Kareev et al. [6] and 

Hasseltine et al. [7] have reported experiments in 

which regolith simulats have been placed in a vacuum 

chanber and water or nitrogen allowed to flow through 

to the surface as the pressure was reduced (Fig. 2).  Ice 

and water were placed 10 cm below the surface or ni-

trogen gas was bled in from a cylinder.  The regolith 

simulant was an Hawaiian tephra or sand, of diverse 

grain size.  Crater-like depressions were formed by the 

explosive release of volatiles or slow decrease in flow 

rate, and areas of flat fine-grained “pools” were made 

as the flow rate slowed and finally ended.  The final 

features had a close resemblance to the Eros ponds and 

even “streaks” forming on “crater” walls. 

Possible Martian Analog Observations:  The re-

cently observed pits observed on Mars may not be ex-

actly analo-

gous to the 

Eros ponds, 

but are fea-

tures pro-

posed to 

form when 

volatiles are 

released 

from im-

pact melt-

bearing 

deposits 

(Fig. 4) 

[8,9].  In this case the target surface contains a consid-

erable amount of ice and there is a measureable atmos-

phere, although the latter is unimportant for pit for-

mation based on current formation models. 

 
Fig. 1.  Example of an Eros pond. 

 

 

 
Fig. 2.  One-g fluidization experi-
ments on the surface of loose un-
consolidated sand.  Top, before.  

Middle, after.  Bottom, crater-like 
depression (outer curve) and fine-
grain “pond” (inner curve) shown. 

 
Fig. 4.  Pitted terrain on Mars [9]. 
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Possible Vesta Analog Observations:  It came as 

a considerable surprise when pits and pitted terrain 

[10] (and gullies [11]) were discovered on Vesta, as 

well as water-bearing regions [12] and dark areas [13].  

These two observations were explained in terms of 

infall of CM chondrite material (which are a common 

meteoritic xenolith and can contain up to 10 vol% wa-

ter).  The Vesta pits, which resemble the pitted terrain 

on Mars, are interpreted as being caused by the release 

of volatiles from impact melts.   The gullies may simi-

larly be evidence for fluid-abetted mass wasting [11], 

but may also be explained as dry flows [14]. 

 
Fig. 5.  Marcia crater on Vesta with a smooth plain at 

the bottom with numerous pits [10]. 

Possible Impact Analog Observations:  Addition-

al work over the last few years supports that volatiles 

can play a major part in the formation of impact craters 

on Earth [15,16]. One of the pioneering studies on this 

subject by Newsom et al. [17] indicated that volatiles 

were released during the formation of ‘suevite’ – clay-

rich impact melt-bearing breccias – at the Ries Crater 

in southern Germany (Fig. 6).  Fieldwork carried out 

by one of us (GRO) has shown that these features are 

not distributed evenly around the Ries structure and 

these ‘pipe structures’ are typically dm across and ex-

tend vertically for several m. We do not know the orig-

inal scale of these features and their surface manifesta-

tions, as active meteorology and vegetation may have 

removed them in the case of the Ries, but clearly vola-

tile release during impact is a process to be considered 

on impacted surfaces.  

Possible Volcanic Analog Observations:  Phreatic 

pits are formed when lavas flow over water-bearing 

sediments and are well-documented at the Craters of 

the Moon National Monument and Preservev [18].  

They are usually formed explosively and there are nu-

merous boulders scattered around the pit.  Some have 

been smoothed over by loess and surrounded by subse-

quent flows (Sugar Bowl), some show evidence for 

multiple events (Split Butte), while others are deep 

rooted and expose underlying strata (King’s Bowl).  

All represent an interaction between volatiles and sur-

face materials during energetic events. 

 
Fig. 6.  Channels caused by the release of volatiles 

during impact that formed the Ries Crater. 

 
Fig. 7.  Phreatic pits at the Crater of Moons Na-

tional Monument and Preserve, Sugar Bowl, Split 

Butte, and King’s Bowl. 

Discussion:  At this point we are not inferring that 

the Eros ponds are simple analogs of the pits and phre-

atic structures, but we do point out that if Vesta con-

tained sufficient exogenous water to produce these 

textures then S asteroids should also.  Seismic shaking 

and electrostatic processes might well explain the Eros 

ponds, but in view of the prevalence of volatile interac-

tions on these diverse planetary bodies we suggest that 

volatile driven processes should also be investigated in 

the case of the Eros ponds. 
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