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Introduction: Geomorphic features on the martian 

surface suggest that perennially ice covered lakes (PI-
CLs) might have been present in the martian past and 
possibly still today [e.g., 1-4]. Previous studies of sed-
imentation in PICLs on Earth have established several 
characteristic sedimentary processes and deposits that 
are different from other lakes in glacial and periglacial 
environments [e.g., 5-8]. However, criteria have not 
been established to recognize sedimentary deposits that 
accummulated in PICLs and to differentiate them from 
sediments deposited in ice-free or transiently ice-
covered lakes on Earth and Mars. Being able to identi-
fy if an ancient lacustrine environment had a perenial 
ice cover is crucial to successfully interpreting ancient 
climate conditions.  

The perennially ice covered lakes of the 
McMurdo Dry Valleys, Antarctica: Modern PICLs 
are a natural starting point for understanding sedimen-
tation under a perennial ice cover. The diversity of 
PICLs in the McMurdo Dry Valleys provides an excel-
lent natural laboratory for constraining how ice cover 
parameters (e.g., ice thickness and surface roughness) 
affect sedimentation. While previous studies of sedi-
mentation in modern PICLs provide important insights 
into processes [e.g., 5-8], the different components of 
the lacustrine sedimentary systems have not been char-
acterized as a whole.  For example, no studies have 
integrated ice surface geometry, ice thickness, sedi-
ment transport processes, sediment supply, lake ba-
thymetry, etc. into a facies model. Much is still un-
known about how the different components are cou-
pled in the sedimentation process and how these vary 
from lake to lake.  

As a first step toward developing a sedimentary fa-
cies model for PICLs, we have compiled observations 
from previous studies of sedimentary deposits and pro-
cesses in modern PICLs on Earth to characterize how 
these vary between lakes with different ice cover prop-
erties (e.g., thickness and roughness). Here, we present 
an overview of the observations made by previous 
studies and our own.  

Overview of sedimentary processes in PICLs: The 
ice cover. PICLs on Earth occur in polar settings. In 
the McMurdo Dry Valleys, PICLs formed in areas 
where summer temperatures are above freezing part of 
the year, and meltwater accumulates in depressions or 
glacier-dammed valleys [e.g., 5, 6]. Ice is lost from the 
PICL surface by ablation, and is added to the base of 
the ice cover by freezing of the lake water [e.g., 9]. 

Lake water 
depths can 
be up to 
120 m, and 
the lakes 
can have 
fresh to 
super saline 
water. Ice 

cover thick-
ness of a 
PICL can 
range from 
meters to 
decameters 
in scale and 
can vary 

laterally within a single lake [e.g., 5-8]. The ice cover 
has a strong effect on various lake processes such as 
preventing the development of wind generated cur-
rents, restricting exchange of gases between the water 
and the atmosphere and changing deposition of sedi-
ment in the lake. 

The main source of sediment in most PICLs is the 
downward transport of sediment through the ice cover 
[e.g., 5-8]. The ice provides a surface for the lateral 
movement (e.g., saltation and rolling) of larger sedi-
ment particles into the middle of the lake, where 
roughness and cracks serve as sediment traps [e.g., 5-
8]. The trapped sediment absorbs solar radiation, melts 
surrounding ice and ultimately migrates into the ice via 
cracks or gas bubble channels [10]. How far into the 
ice the sediment migrates depends on the size and 
composition of the particles.  The sediment that is re-
leased into the lake also depends on the thickness of 
the ice. The ice cover is thus a natural sieve, control-
ling the particle size distribution (PSD) of sediment 
released into the water [11], and sediments on the lake 
bottom reflect these processes occurring in the ice cov-
er [e.g., 5-8].  

Another component of the ice that controls sedi-
ment transport within PICLs is the roughness of the ice 
cover. Ice covers can either be quite smooth or become 
very rough, with ridges of porous ice up to 1 m high 
and 10s of meters wide, with melt pools forming be-
tween the ridges [e.g., 5-8]. If the surface temperature 
is high enough, as during the summer, pools of melt-
water can form and refreeze to form areas of smooth 
ice between the ridges. The roughness of the ice con-

Figure 1. Aerial image of Lake Joyce 
in the McMurdo Dry Valleys, Antarcti-
ca. Image shows a dark band around 
the ice cover of the lake where most of 
the aeolian sediment is ‘trapped’. Sed-
iment banding is unique to PICLs with 
rough ice covers. Lake Joyce is ~1 km2 
in area.  
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trols the lateral transport of sediment over the ice and 
consequently the distribution and amount of sediment 
on the ice cover (Figure 1).  In turn, sediment trapped 
in the ice increases melting and can increase ice cover 
roughness, providing a feedback process. The amount 
of sediment transported vertically through the ice and 
into the lake depends on both ice roughness and the 
initial distribution of sediment on the ice.  
Sedimentary deposits. Sedimentation in PICLs has 
been previously studied primarily by the use of sedi-
ment cores and sediment traps in localized regions 
within a lake [e.g., 5-8]. From these studies, it is 
known that PICLs with different ice cover thicknesses 
are associated with different sedimentary processes 
and unique sedimentary structures  [e.g., 5-8]. PICLs 
with thick ice covers (~ > 3 m) have highly localized 
sedimentation, producing ridges and sand mounds 
[Figures 2 and 3; e.g., 5-8]. Our observations suggest 
that PICLs with thin ice covers (< 1 m) do not appear 
to show these characteristic sedimentary deposits, and 
instead have more laterally homogenous deposits 
across the lake bottom. Sealed PICLs, lakes where the 
ice cover extends to the lake bottom, represent another 
end-member case. For example, Lake Vida, Antarctica, 
has an ice cover that is thought to extend ~ 27 m [e.g., 
12]. In this case, small pockets of sediments and thin 
sediment layers up to 20 cm thick are found within the 
ice cover, and a liquid-brine exists at the ice bottom 
[12]. The ice is interpreted to have formed from sur-
face runoff, and the sediment layers represent the ac-
cumulation of fluvial and aeolian deposits on top of ice 
[e.g., 12]. What gets preserved from this setting in the 
sedimentary record has yet to be constrained.  

Implications for Mars: Under present environ-
mental conditions, liquid water is not stable at the sur-
face of Mars. However, abundant evidence for liquid 
water early in Mars’ history has been accumulated 
from rover, orbiter, and landed missions [e.g., 1-4,13-
15]. During this interval, there were likely small lakes 
similar to the modern PICLs on Earth, for example, 
Yellowknife Bay at the toe of the relatively young 
Peace Vallis fan could have been ice covered [15]. We 
will not know until we have the sedimentary criteria to 
identify PICL deposits. 

Concluding remarks: In summary, we present an 
overview of sedimentary deposits and processes in 
modern PICLs on Earth and highlight three-end mem-
ber cases of sedimentation regimes. These end mem-
bers are a starting point for investigating the factors 
that control sedimentation in PICLs and how these 
vary from lake to lake. This is crucial information that 
is necessary to develop a generalized sedimentary faci-
es model for PICLs on Earth and other planetary bod-
ies. In the martian past, there were likely small lakes 
similar to the modern PICLs on Earth, however until 

we have criteria for identifying PICL deposits in the 
sedimentary record, we will not be able to distinguish 
between open water and ice-covered lakes.  

 
 

 
Figure 2. Sand mound at the bottom of Lake Hoare. 
The sand mound is covered by a microbial mat. Varia-
tions in the size and shape of sand mounds are thought 
be due to lake water depth [5]. The distance between 
the two red points is 10 cm. 
 
 

 
Figure 3. Sand ridge at the bottom of Lake Hoare. 
Sand ridges have been observed to parallel cracks in 
the ice cover [5, 7]. The distance between the two red 
points is 10 cm. 
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