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Introduction:  Fresh Shallow Valleys (FSVs) refer 

to generally narrow, short or discontinuous valleys that 
are generally incised more than a few decameters, and 
are only slightly degraded at multi-meter scales (Figs 
1-3).  They are recognized primarily in the mid-
latitudes (35-50° in both hemispheres). These distinctive 
valleys are younger than the the more integrated 
Noachian-Hesperian valley networks, which are deeply 
dissected, generally of much larger spatial extent, and 
more degraded They have been discussed (not always 
as FSVs) in a number of studies [1-10].  Here we 
addresses two questions: 1) What geologic and 
climatic environments formed FSVs and what were the 
sources, magnitudes and frequency of formative flows? 
and 2) Did this relatively young fluvial activity result 
from a multiplicity of local mechanisms as temporally 
scattered events, or were there episode(s) of renewed 
and widespread fluvial activity on Mars related to 
global change in the climatic environment? 

Morphology and Geomorphic Setting:  FSVs 
primarily occur as two intergrading presentations: 
‘Mode 1’ valleys are narrow, sinuous, entrenched 
valleys typically with sharp upper edges at CTX image 
scales.  They are generally V- or U-shaped with widths 
of 20–50+m, and they may range from a few hundred 
meters to several km long.  Mode 1 valleys are often 
unbranched, start and terminate abruptly by narrowing 
and shallowing, and may lack obvious fluvial features 
upstream or downstream. (Figs. 2-3). ‘Mode 2’ valleys 
are wider generally with near-parallel borders and 
nearly flat floors (Figs. 2-3).  The lateral borders may 
be indistinct but are sometimes steep slopes.  They 
often exhibit low longitudinal lineations that appear to 
be bedforms such as fluvial bars or low banks (Fig. 3). 
These apparent bedforms suggest that Mode 2 valleys 
contained flows over their floor width and are thus 
channels. Mode 2 valleys often connect to or are 
interspersed with Mode 1 valleys (Figs 2-3). 

FSVs are generally sharply incised into otherwise 
smoother surfaces, such as mid-latitude mantles, lobate 
crater ejecta, degraded Noachian surfaces, or older fan-
like surfaces in the interior of craters. Individual FSVs 
are usually not space-filling networks and often occur 
as scattered, isolated valleys or sparse networks with 
generally not extending more than a few tens of 
kilometers.  FSVs are easily recognized (and are 
probably most common) in the smoothly mantled mid-

latitudes, but they also occur in low-latitudes, such as 
on the rim and exterior of the Gale crater [3].  They are 
generally but not universally associated with high-
relief surfaces, particularly the interior and exterior 
slopes of impact craters. In the mid-latitudes some 
FSVs are modified by presumed ice processes, in 
which the valley walls are widened and undercut, and 
valleys are infilled (Fig. 1). Some terminate in fans or 
deltas, such as the sparse network feeding the 
Eberswalde crater delta. 

Mode I FSVs are most deeply incised where they 
cross low, rounded ridges (Figs. 2-3).  They often 
disappear at the margins of depressions.  In a few cases 
it appears that the ridges crossed by the FSVs could be 
topographic divides, so that FSVs interconnect 
depressions. FSVs occasionally transition into inverted 
ridges of similar dimensions and sinuous wavelengths  
due to, for example, eolian deflation of former fine 
sediment or removal of ice that surrounded or overlay 
the fluvial flows (e.g., eskers). FSVs locally form 
anastomosing complexes [2]. Some FSVs originate at 
the rim of small craters and extend across the crater 
ejecta (Figs.1-2). These settings suggest a fluid source 
high on the crater rim, possibly from overflow of water 
ponded in the crater interior. Some extensive FSV 
channel complexes derive their drainage from a limited 
source area [2]. FSVs may originate from a limited 
sector of the basin rim, suggesting aspect control on 
runoff generation. Some FSVs in crater interiors are 
associated with terminal fan deposits, suggesting that 
they form a process continuum and probable temporal 
equivalent to the large alluvial fans in low-latitude 
regions [11, 12]. (Fig. 1). 

Most FSV valleys show no evidence of multiple 
formative flows.  However, erosional channels can 
result from repeated flows along the same pathways 
without distinct signatures. 

Formative Processes and Environments:  FSVs 
could have formed in one or more process scenarios:  

1.  Erosion by rainfall and runoff.  Rainfall is not 
favored by the low atmospheric pressure and low 
temperatures dominating post-Noachian Mars.  But 
major impacts [13, 14] or intense volcanism [15] might 
have resulted in localized or regional rainfall. 

2. Formation from regional snow accumulation and 
melting either seasonally or epochally in response to 
obliquity excursions.  Snow accumulation could occur, 
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for example, due evaporation/sublimation from lakes 
produced by outflow channel formation, redistribution 
of volatiles due to obliquity cycles, or evaporation 
from impact lakes [1, 2, 12, 16-18].  Melting and 
runoff production could occur seasonally and be 
regulated by obliquity cycles [18] with strong 
latitudinal variation. Runoff rates would be governed 
by rate limitation due to snow albedo and the latent 
heat of fusion [18-20], and therefore should be less 
than potential runoff rates from direct rainfall. 

3.  Formation of FSVs in direct association with 
impact cratering.  [8-9, 21] suggest that FSVs may 
form after an impact onto an ice-rich surface, either an 
existing ice sheet or ice-rich permafrost.  The warm 
ejecta would melt the ice, migrate to the surface (or to 
the margin of the ejecta) and erode valleys. 

4.  Formation of FSVs due to indirect influence of 
impacts.  Large craters impacting into ice-rich regolith 
might vent of steam and vapor to the atmosphere [22-
23] which would condense to snow and might blanket 
the crater ejecta as well as potentially a region 
extending well beyond the continuous ejecta.  
Subsequent snowmelt would erode FSVs.   

Preliminary Conclusions:  The widespread 
occurrence of FSVs, their similarity of morphology, 
and modest state of degradation is consistent with most 
forming during one or more global interval of 
favorable climate, likely through snowmelt, either 
from surface or sub-ice flows. They may be 
contemporaneous with alluvial fan and delta formation 
in equatorial latitudes inferred to form during global 
climate excursions [12,16-17], and, indeed, FSV 
channels are sometimes the headwater feeders for 
deltas and fans. 
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Fig 1. FSVs on a mantled mid-latitude interior crater rim 
feeding a small fan (red shading). Ice related processes have 
modified the FSV floors. Width 28.8 km, at 39.3°S, 19.3°E, 
inset showng fan surface texture. 

 
Fig. 2.  FSV network with more deeply incised Mode 1 
valleys (red arrows) interspersed with wider, shallower Mode 
2 valleys (blue arrows).  Yellow arrow shows exit breach 
from 3.1 km crater leading to a Mode 1 valley. Image width 
17.4 km, 41.4°S. 162.6°E. 

 
Fig. 3.  Alternating Mode 1 (red) and Mode 2 (blue) valleys. 
Image width 9 km, at 40.9°S, 162.5°E. 
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