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Introduction:  We have continued investigation of the 
dark, layered, and possibly sand-rich unit beneath the 
north polar deposits begun by previous authors [1-4] 
and have described the detailed characteristics of this 
basal unit (BU) [5-7; Fishbaugh and Head, abstract in 
this volume]. While Kolb and Tanaka [2] describe the 
BU as consisting of early north polar deposits, Byrne 
and Murray [3] suggest that such a significant change in 
deposition style has taken place that the unit must 
represent a period in time when there was no polar cap.  
They believe that the BU consists of ice-rich paleoerg 
deposits that migrated to the low elevation plains 
underlying the current polar deposits.  In addition to 
these possibilities, we suggest that the unit may have 
initially been deposited by outflow channels and/or a 
paleo-ocean.   

 Fishbaugh and Head [8-10] have shown that the 
north polar deposits may once have been larger, 
extending to about 75°N.  Still unknown are the timing 
and cause of this retreat as well as how many times 
advance and retreat have occurred.  The basal unit has 
yet to be placed conclusively in this history.  Since the 
BU lies stratigraphically between the 3 By old Vastitas 
Borealis Formation and the polar cap deposits with a 
surface age of at most 100 Ky [11], it may represent a 
preserved record of at least part of the pre-cap north 
polar history.   

 

 

 
Figure 1.  North polar region MOLA topography (72-90ºN).  Dotted 
line shows approximate extent of basal unit, though the floor of 
Chasma Boreale and the mesa beyond the mouth may also be part of 
the BU. 
 

Here we examine three possible origins for this unit 
(paleopolar deposits, outflow channel/oceanic deposits, 
and eolian deposit) and three possible ways in which it 
may have been modified since its formation (paleoerg, 

incorporation into basal ice, and basal melting with 
subsequent redistribution).  Figure 1 shows the 
geographic context and topographic relationships of the 
BU, north polar cap, and the surrounding plains. 

 

Possible Origins:  We present three possible modes 
of formation of the BU and three possible ways in 
which it may have been modified since its formation. 

 

 
Figure 2.  Sketch of present stratigraphy at north pole with the BU as 
a paleopolar deposit. 
 

1) Paleopolar Deposit (Fig. 2): While not expounded 
upon in detail, according to Kolb and Tanaka [2], the 
BU represents a "an earlier phase of north polar 
deposits" (pg. 30). We interpret this to mean that the 
unit consists of paleopolar deposits, an earlier phase of 
polar cap deposition.  We find that three major 
observations lend support to this idea: 1) the fine-scale 
layering of the BU, 2) the exclusive association of the 
BU with current polar deposits (and possibly with 
remnants of former extents of polar deposits), and 3) the 
"pile" shape of the unit.  

In this case, the BU represents an unconformity in 
polar cap deposition and unknown amount of erosion 
during which time the environmental conditions 
changed such that one of two things happened. 1) The 
amount of atmospheric dust (or sand) decreased 
(possibly suddenly) and polar deposition continued with 
a lower sediment/ice ratio. 2) Large-scale erosion of 
earlier polar cap deposits resulted in a gradually 
increasing sediment/ice ratio as the ice sublimated 
leaving sediment behind. 
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If the BU does represent a shift in depositional style 
of polar deposits or large-scale erosion of former polar 
deposits, it may necessitate a relatively old age for the 
BU, possibly Early Amazonian.  There are two reasons 
for this. 1) If the BU represents an early phase of polar 
cap deposition with more sediment than the current 
phase, then the necessary climate shift to allow more 
atmospheric suspension of sediment would be of a much 
larger magnitude than the smaller scale shifts which 
produce layering in the current PLD. 2) The BU has 
been more thoroughly eroded than the PLD, yet it is 
inherently more difficult to sublimate heavily sediment-
laden ice than it is to sublimate purer ice. The resultant 
sublimation lag considerably slows the sublimation, 
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which could allow a possibly large volume of polar 
deposits to be "trapped" beneath the Olympia erg. 

 
2) Outflow channel/Oceanic deposits (Fig. 3): 

Sediment brought by outflow channels [12] and a 
possible former standing body of water [13] may easily 
provide sand and ice-rich material for the BU.   

 

 
Figure 3.  Sketch of present stratigraphy at north pole with the BU as 
a outflow channel/oceanic deposits, part of the Vastitas Borealis 
Formation.  The red lines indicate possible previous extents of the 
deposits which have since been eroded away. 
 

 One major problem with this scenario is that the 
Vastitas Borealis Formation (VBF) is thought to consist 
in part of oceanic and outflow deposits [14,15].  Since 
the BU overlies the VBF, how could it be composed of 
these same deposits?  In addition, there is apparently no 
evidence for the existence of this unit outside of the 
current polar cap bounds and Olympia Planitia.  The 
answers may lie in the armoring of outflow 
channel/oceanic deposits near the pole. 

Water from the outflow channels could have formed 
numerous standing bodies of water which froze.  These 
ice and sand-rich deposits could then have sublimated, 
with the water being redeposited at the pole to form part 
of the north polar cap [16].  This cap would preserve the 
sediments beneath it.  Still, the surrounding plains 
would have had to lose a lot of mass to sublimation 
since the upper BU contact is about 500 m higher than 
the plains.  Alternatively, calculations of possible 
circulations patterns within an oceanic standing body of 
water in the northern plains yield deposition of material 
near the pole, rather than spread out within the lowest 
parts of the North Polar Basin [17].  Therefore, most of 
the sediments could have piled up near the pole, leaving 
the rest spread throughout the basin.  As the polar cap 
formed, by several possible means, it would armor the 
sediment near the pole, preserving it beneath the polar 
deposits.   

 
3) Eolian Deposit (Fig. 4):  Another possible origin 

for the basal unit is eolian transport of material toward 
the north pole.  Anderson et al. [18] have modeled the 
distribution of sand resulting from saltation, taking into 
account Pollack et al.’s [19] Mars general circulation 
model.  They find that sand from northern mid latitudes 
would migrate to the north pole, creating the north polar 
erg within 50 Ky.  Assuming a sufficient sand supply, 
this could indeed explain an accumulation of sand at the 
pole, but may not explain the detailed layered structure 
unless the process occurred with some cyclicity. 

 

 
Figure 4.  Sketch of present stratigraphy at north pole with the BU as 
an eolian deposit with possible cross-bedding. 
 

Modification Processes:  1) Paleoerg.  Byrne and 
Murray [3] suggest that the BU is an ice-rich paleoerg 
consisting of sand brought by means similar to those 
suggested by Anderson et al. [18].  We have found no 
evidence for the cross-bedding one may expect if the 
sand deposit was reworked into a major dune sea before 
deposition of the PLD.  However, it may be that the 
resolution of the MOC images is not sufficient to detect 
the cross-bedding.  If the deposit was reworked into a 
paleoerg, it would imply that some time passed between 
the end of sand deposition and the beginning of PLD 
deposition. 

2) Basal Ice (Fig. 5).  Regardless of the origin of the 
material within the basal unit, it may currently behave 
as basal ice as seen in terrestrial ice sheets [20-25].  On 
Earth, some glaciers and ice sheets have one or more 
layers of basal ice which can range in thickness from a 
few millimeters to tens of meters.  Basal ice can have up 
to greater than 50% sediment by volume and has 
structural, chemical, and isotopic characteristics distinct 
from the overlying purer ice layers [20].  The contact 
between the basal ice and overlying ice is often quite 
distinct.  
 Basal ice can form by one or more of the following 
means [20,21]: 1) Regelation or congelation (glacial 
meltwater or other water with admixed sediment freezes 
on the lee side of obstacles or beneath the glacier) 2) net 
adfreezing (freezing front advances downward through 
saturated sediments, adding them to the glacier base), 3) 
entrainment of pre-existing ice (as ice sheet advances 
over buried glacier ice or debris aprons), or 4) mixing 
and crevassing (adds small amounts).  The various 
means of creating basal ice require some amount of 
meltwater.  Meltwater could have come from the 
formation of Chasma Boreale [26].  The creation of the 
basal unit as basal ice also would probably require 
longer time scales than the creation of terrestrial basal 
ice which at its thickest is an order of magnitude thinner 
than the martian basal unit.   If the BU does comprise 
basal ice frozen to the bed of the PLD, it must be taken 
into account in any rheological models of the north 
polar cap. 

3) Basal melting and redistribution.  The BU may 
have affected the possible outflow which initiated the 
formation of Chasma Boreale (CB) [26] by influencing 
where CB formed (since the BU pinches out near CB) 
and/or by providing the water for the outflow as 
suggested by Byrne and Murray [3].  In addition, the 
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outflow may have taken place in some part along the 
PLD/BU contact and may have redistributed some of 
the BU.  Indeed, since the BU outcrops on both sides of 
the CB head scarps, at least as much as is missing from 
those depressions must have been redistributed, possibly 
providing the sediment for the CB dunes.  
 

 
Figure 5.  Basal ice in the subpolar Eugenie Glacier on Ellesmere 
Island with person in foreground for scale.  From Benn and Evans 
[20] (Fig. 5.19). 
 

Age of the Basal Unit: Underlying the BU is the 
Vastitas Borealis Formation which is about 3 By old 
[15,17].  The surface age of the polar cap deposits has 
been estimated to be at most 100 Ky old [11].  
Overlying the basal unit and some dunes is the ice-rich 
latitudinally-dependent mantling layer [27,28]; no large 
craters have been found in this unit, so it assumed to be 
very young, Late Amazonian in age.  Together, this 
evidence gives the BU an age of Early to Mid/Late 
Amazonian (0.1 – 3 By).  It is difficult to absolutely 
date the BU itself since so little of its surface area is 
exposed.  There are craters, better highlighted by 
MOLA data than by images, near the edge of the polar 
cap which may be BU craters covered by a thin layer of 
PLD.  In addition, the floor of Chasma Boreale (CB) 
may consist of the lower BU layers [2, 4; Fishbaugh 
and Head, abstract in this volume].  This area has 3 
large craters (~10 km diameter) and many smaller 

craters.  Crater counting of the CB floor could provide a 
better age estimate of the lower BU layers, but this is 
presumably only a small portion of the exposed surface 
area. 

 
Conclusions:  We have considered three possible 

origins and modifications of the north polar BU.  Some 
characteristics of the BU are consistent with all of these.  
We look forward to the release of north polar THEMIS 
data to help us better characterize the unit.  An obvious 
way to rule out an outflow channel/oceanic and/or 
eolian deposit origin for the BU would be to discover a 
similar unit in the south polar region.  Preliminary 
examination of MOC images in the south polar region 
has yielded no evidence thus far for a basal unit, but we 
will continue to examine more south polar MOC and 
THEMIS images.  
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