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GEOLOGIC RATIONALE FOR A MARS ROVERISAMPLE RETURN MISSION TO 
NORTHERN ELYSIUM PLANITIA. Peter Mouginis-Mark, Planetary Geosciences Division, 
Hawaii Institute of Geophysics, University of Hawaii, Honolulu, Hawaii 96822. 

INTRODUCTION: As plans for Mars Rover Sample Return (MRSR) are developed, the 
need arises to consider the science objectives of missions to different sites on Mars. This study 
presents the geologic objectives of a MRSR mission to N. Elysium Planitia. Mission goals would 
be: 1) to provide an absolute age for plains materials to calibrate crater sizelfrequency 
curves derived from orbital data; 2) to conduct petrologic studies of Elysium Mons lava flows; 
3) to study the volcano Hecates Tholus (in order to better define its eruptive history); and 4) 
to study stratigraphic sections which may be exposed in a. boundary scarp. 

The capabilities and configuration of the potential MRSR rover are poorly defined, but it 
is assumed here to have the following capabilities: 1)The ability to land within a target ellipse 
-10 x 6 km in size at elevations up to -5 km above mean Mars datum. 2) The ability to visit 
and collect samples from 2 pre-defined localities up to 10 km. 3) MRSR must have a range of 
-200 km over surfaces that might possess a few meters of relief and have boulder populations 
comparable to those seen by the Viking Lander (1). 4) The rover will have the ability to 
climb (or descend) slopes of -2-30 for traverses perhaps 10-15 km in horizontal extent. 

THE LANDING SITE: The landing site (Fig. 1) is located at 33.0°N, 21 2.40W and is 
devoid of meteorite craters larger than -300 m dia. Extrapolation of available topographic 
data suggests an elevation of c3 km (USGS Map 1-1120; refs. 2, 3). This landing site would 
permit the collection and return to Earth of a sample of the plains materials that underlie the 
lobate lava flows from Elysium Mons. These plains materials are of Lower Amazonian age (41, 
and would enable a key absolute age to be added to the martian crater-frequency curves (5). 

SCIENCE STATIONS: W o n  1 is 7 km east of the landing site. The sample would be 
collected from a prominent lobate lava flow -150 km in length that was erupted from Elysium 
Mons. This lava flow is one of many associated with Elysium Mons (and other martian 
volcanoes) that are very long compared to terrestrial examples (6, 7). In addition to 
providing petrologic information relating to the martian interior, this sample would thus 
permit the origin of long martian lava flows to be investigated. mtion2 is located 8 km to 
the west of the landing site. MRSR would obtain a sample from an unusual low-relief flow, 
which is believed to have been produced by the release of sediment-laden melt water during 
the interaction of magma and layers of ground ice (8). &tion 3; Distal deposits of numerous 
digitate channels from Hecates Tholus form the objective at Station 3. These channels are of 
uncertain age and origin, but are quite common on the older martian highland patera (9). It is 
likely that they were either carved by volcanic debris flows (9) or by volatiles released from 
the volcano (10). a t i o n  4; Determination of the rock chemistry of Hecates Tholus is a key 
science goal at Station 4. Francis and Wood (1 1) have argued against silicic explosive 
volcanism on Mars, but it is theoretically possible for Mars to have experienced basaltic 
plinian eruptions (12). Station The objective at Station 5 is to investigate, via the imaging 
spectrometer, the composition of the isolated massifs that either project through the surficial 
cover of the plains materials or are the erosional remnants of eroded surficial layers. Station 

Exploration of an area of chaotic terrain and mapping of the scarp stratigraphy (again via 
an imaging spectrometer) would occur at Station 6. This area was described by (13) as a 
likely area for the collapse of surface materials following the release of subsurface volatiles, 
and further mapping of the boundary scarp (8) supports the idea of melt water release from 
the scarp following the emplacement of lava flows from Elysium Mons. 
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ROVER TRAFFICABILITY: From 50 mlpixel Viking images the Elysium Mons lava flows 
appear to be similar to those in Tharsis, where small-scale pressure ridges and flow channels 
have been found (14). Analysis of Earth-based radar data for the Tharsis flows (15) shows 
they are very rough (rms slopes >3 - 4O), so it is possible that the Elysium lava flows may 
also be quite rugged. However, because the Elysium flows are probably older than the Tharsis 
examples (4, 16), it is possible that the proposed rover traverse may not have such a high 
surface roughness provided that the weathering rates in Tharsis and Elysium are comparable. 

The travel distance for the MRSR mission is -164 km. It is inferred that the lava flows at 
the landing site will be able to support the lander. What is not known is the bearing strength 
of the flanks of Hecates Tholus (Station 4), which on morphologic grounds could comprise 
relatively unconsolidated ash deposits or non-welded pyroclastic flows (10, 17). To answer 
these and other pertinent engineering and geologic issues for a variety of candidate landing 
sites on Mars, it appears appropriate that new efforts be made to provide such information 
(via photogeologic and remote sensing means) for planning the MRSR mission. 

Fia, 1 : Geologic map of the 
proposed MRSR traverse 
in N. Elysium Planitia. 
Landing site is located at 
33.0°N, 212.4OW and is 
marked by " ')lt ', "1 - 6" 
are the science stations. 
Width of image is 
equivalent to 190 km. 
Unit abbreviations are: 
"HT" - Hecates Tholus; 
"Fun - undifferentiated 
flows; "FIN - lobate 
flows; "Np" - northern 
plains materials; "UfB" - 
upper fractured boundary 
materials; "LfB" - lower 
f rac tured boundary 
materials; "Ce" - crater 
ejecta. Rim crests of 
meteorite craters are 
marked by barbed 
circles. 
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