
THE RESIDUAL ICE CAP OF PLANUM AUSTRALE, MARS: NEW INSIGHTS FROM THE HRSC EXPERIMENT. 
E. J. Kolb1, K. Tanaka2, R. Greeley1, G. Neukum3 and the HRSC Co-Investigator Team, 1Dept. of Geological Sciences, Arizona 
State University, Tempe, AZ (ekolb@asu.edu); 2U.S. Geological Survey, Flagstaff, AZ; 3Institute of Geological Sciences, Freie 
Universitat Berlin, Germany. 
 

Introduction:  This abstract reports on new HRSC-based 
geologic mapping of the Late Amazonian  south polar residual 
ice cap (RIC) deposits that mantle Planum Australe, Mars. 

Geologic Setting: Planum Australe is composed of the 
south polar layered deposits (SPLD) that rest unconformably 
on Hesperian and Noachian-age material. The SPLD are <100 
Ma [1-2] and are divided into the Planum Australe 1 and 2 
units (units Aa1 and Aa2, respectively) by [3]. Unit Aa1 com-
prises most of the volume of the SPLD (total thickness ~3.5 
km) and is mainly exposed along the cap margins and within 
canyon and trough walls, whereas unit Aa2 (total thickness 
~300 m) unconformably mantles unit Aa1, and is largely pre-
served only on spiral trough floors, plateau tops, and within 
Argentea Planum. The RIC unconformably mantles units Aa1 
and Aa2, thus forming the youngest sequences within the ice 
cap [e.g., 4]. The largest extent of RIC is centered within Aus-
trale Mensa, the dome-shaped central cap region of Planum 
Australe (Fig. 1). The RIC forms high-albedo deposits that are 
covered by CO2 frost year round. The SPLD and RIC appar-
ently formed by deposition of CO2 and H2O ice precipitates 
and atmospheric dust [e.g., 4 – 5]. THEMIS temperature and 
TES data indicate that the RIC’s CO2 content is limited to its 
pitted “Swiss cheese” sequence [6]. 

Results: The mapping results are shown in Fig. 1. Follow-
ing the mapping conventions of [3], the RIC material is desig-
nated as the Planum Australe 3 unit (unit Aa3). As seen within 
the unit Aa3 type locality in Figure 2, the Planum Australe 3 
unit is comprised of a lower sequence consisting of 6-7 layers 
that is unconformably mantled by the “Swiss cheese” material 
that is here defined as the unit Aa3 upper sequence. The layers 
of the unit Aa3 lower sequence exhibit uniform thicknesses 
(total thickness is ~300 m) and conformable bedding contacts 
indicative of a period of continuous deposition; the contacts 
are traceable for 10s to ~200 km. The upper sequence is <10 m 
thick.  

The unit Aa3 lower sequence exhibits a low-to-
intermediate albedo in contrast to the high albedo of the upper 
sequence (Fig. 2). The albedo contrast likely indicates a higher 
dust component within the unit Aa3 lower sequence.  

Within Australe Mensa, unit Aa3 forms an unconformable 
capping sequence that buries unit Aa1 and Aa2 within the ter-
races between spiral troughs; unit Aa3 does not bury unit Aa1 
and Aa2 outcrops within the spiral trough’s equator-facing 
scarps. Between 30° and 270°E the lower sequence layers of 
unit Aa3 display eroded margins whereas between 270° and 
30°E the lower sequence margins are buried by the unit Aa3 
upper sequence and thick deposits of residual CO2 frost. 
Within terminal margin exposures, the lower sequence typi-
cally consists of the basal-most one or two layer sequences. 
Curvilinear troughs dissect the deposit’s pole-ward regions 
(Fig. 1). Trough orientation parallels the spiral troughs and 

often, the entire unit Aa3 lower sequence stratigraphy crops out 
in the trough scarps. Individual layers of the unit Aa3 lower 
sequence erode differentially, forming a cliff and terrace mor-
phology within the trough scarps and at the terminal extent 
(Fig. 2). The residual CO2 frost deposits, although not shown 
in Figure 1, mantle the Planum Australe units. The thickest 
residual CO2 frost deposits largely occur within the extent of 
unit Aa3. 

Between 5° and 21°E, McMurdo crater secondaries im-
pacted units Aa1 and Aa2 and the unit Aa3 lower sequence (Fig. 
1). The crater secondaries and geologic relationships indicate 
that unit Aa2 and unit Aa3 lower sequence were deposited and 
eroded back to near their current extent prior to McMurdo 
emplacement. A pedestal crater composed of unit Aa2 adjacent 
to the unit Aa2 contact indicates subsequent removal of unit 
Aa2 and Aa3 from regions surrounding McMurdo crater. The 
unit Aa3 upper sequence appears to bury several McMurdo 
secondaries. At 248.7°E, -86.7°S, a 4.3 km-diameter impact 
crater and associated sub-km-diameter secondaries are em-
placed within a thin strip of the unit Aa3 lower sequence; sec-
ondary impacts are absent within adjacent unit Aa1 and Aa2 
exposures. These relationships indicate removal of unit Aa3 
from regions surrounding the thin strip of unit Aa3 after crater 
emplacement. The crater associations (as well as the geologic 
contact relationsips discussed earlier) with the unit Aa3 lower 
sequence indicates that the lower sequence is rather old and 
had undergone extensive removal prior to deposition of the 
unit Aa3 upper sequence. 

Outside of Australe Mensa are several small outliers of the 
unit Aa3 lower sequence. The largest is located between 140.0° 
and 160.0°E and -76.7° and -79.0°S. Here, unit Aa3 is com-
prised of 1 to 2 layers of the lower sequence and a meters-thick 
low-albedo dust buries much of the unit. The dust is likely 
derived from the removal of unit Aa3 lower sequence material.  

The mapping indicates that the lower sequence of unit Aa3 
had previously covered much of Planum Austale. The source of 
the dust that forms numerous fan-shaped deposits on SPLD 
surfaces [e.g., 7] may be derived from the removal of the unit 
Aa3 lower sequence.  
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Figure 1.  Geologic map of 
the Australe Mensa region of 
Planum Australe. Geologic 
units: gray – Planum Australe 
unit 3 (unit Aa3), dark blue – 
Planum Australe unit 2 (unit 
Aa2), light blue – Planum 
Australe unit 1 (unit Aa1), 
yellow - McMurdo crater, 
pink – Hesperian materials, 
brown – Noachian materials, 
purple – undivided Hesperian 
and Noachian material; Red 
lines trace curvilinear troughs 
within unit Aa3; red circle – 
4.3-km-diameter primary 
impact crater; green circles – 
secondary impact craters; 
orange circle – pedestal cra-
ter; black polygon – outlines 
McMurdo secondaries within 
unit Aa1; white rectangle 
outlines Figure 2 extent;  
Base is a 115 m/pixel MOLA 
shaded relief; 87° latitude 
ring shows extent of high-
resolution MOLA data. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Subsection of 
HRSC nadir image 
h2191_0000 showing type 
locality of unit Aa3. Image 
center is 5.1°E, -89.4°S. 
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