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Introduction: We have started a new 3-year map-

ping project, funded by the NASA Mars Data Analysis 
Program, to produce a 1:1,000,000 geologic map of the 
Olympus Mons (OM) shield volcano on Mars. Build-
ing on the preliminary work of Bleacher et al. [1], the 
objective of this project is to define and characterize 
the variety of volcanic, glacial, and aeolian deposits 
that occur on the edifice, and to map all structural fea-
tures, in order to understand how volcanic, tectonic, 
and gradational processes have changed as OM has 
evolved. In this abstract we discuss in detail the scien-
tific objectives and tasks to be accomplished for this 
project, and the data sources available for mapping 
using ESRI ArcGIS™ software, the use of which is 
now required for all USGS planetary mapping projects. 

Science Objectives and Mapping Tasks: The 
martian volcano Olympus Mons (OM) is the highest 
and most prominent shield volcano in the solar system, 
rising ~22 km above the Mars areoid on the northwest-
ern edge of the Tharsis Rise [2]. Its location just off the 
Tharsis Rise suggests a genetic link to volcanism in the 
province, although details remain elusive. New in-
sights into the geological evolution of OM can be ob-
tained via mapping on high resolution images obtained 
from the latest generation of Mars spacecraft. Geologic 
mapping is a critical tool that is required to relate 
spacecraft observations to the geologic history of spe-
cific regions of Mars, the results of which can provide 
crucial information that can be used to refine models of 
the martian interior. The systematic characterization of 
surface features on OM and their distribution in time 
and space is essential for identifying any evolution in 
the volcanic and gradational processes working on and 
within the volcano. Thus, the purpose of the proposed 
work is to investigate the volcanic, glacial, and ero-
sional processes that have formed OM using geologic 
mapping techniques. We will use a High Resolution 
Stereo Camera (HRSC: [3]) mosaic with a spatial 
resolution of 25 m/pixel that is geometrically rectified 
to Mars Orbiter Laser Altimeter (MOLA: [2, 4]) data 
as our map base. This mosaic will be supplemented 
primarily by a Context Camera (CTX: [5]) mosaic of 
OM with a spatial resolution of 6 m/pixel, and secon-
darily by Mars Orbiter Camera (MOC: [6, 7]), Thermal 

Emission Imaging System (THEMIS: [8]), and High 
Resolution Imaging Science Experiment (HiRISE: [9]) 
images. HRSC has obtained complete coverage of OM, 
enabling consistent mapping across the volcano. The 
specific objectives of this geologic mapping project 
include: 

1) Determining the areal extent, distribution, and 
stratigraphic relations of different lava flow morpholo-
gies, including tube-fed and channel-fed lava flows, to 
identify and understand any potential changes in late-
stage effusive activity across the volcano, which will 
provide insight into the overall volcanic evolution of 
the structure; 

2) Determining the areal extent and distribution of 
glacial [10], mass wasting, and aeolian deposits on the 
flanks of OM and their stratigraphic relationship to the 
lava flows, to obtain a volcano-wide understanding of 
the nature of potential lava-ice interactions and the 
impact of aeolian cover; and 

3) Assessing the relationship between tec-
tonic/erosional and volcanic processes, dominantly in 
the basal scarp, mid-flank terraces, and caldera region, 
and their contribution to the current form of the vol-
cano. 

Data Available: The USGS prepared an 
ArcMap™ project (Figure 1) in which to produce the 
map, which contains the specific image and other data 
sets listed in the original proposal, to which we will 
add additional images and data. The justification for 
this project is in the new data; i.e., the acquisition of 
improved image data enables the production of new 
geologic maps. The most recent mapping of OM [11] 
using Viking images was limited by the degree to 
which geologic features could be identified and 
mapped. For example, due to limitations in data resolu-
tion previous mappers were not able to consistently 
differentiate lava flows by emplacement style (e.g., 
channel-fed vs. tube-fed) across the shield. This dis-
tinction is important because different lava flow struc-
tures form as a result of different emplacement condi-
tions and lava properties [12]. Therefore, a characteri-
zation of the morphology and distribution of different 
lava flow types provides the geologic framework for 
understanding volcanic systems [12]. This approach 
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proved useful for improving the understanding of ter-
restrial basaltic systems [13], and has thus far led to the 
suggestion of a change from tube- and channel-
forming eruptions to solely channel-forming eruptions 
at Olympus Mons [1]. However, this conclusion was 
based on mapping ~20% of the volcano, and a similar 
approach has not been rigorously applied to martian 
shields due to the prior lack of image data combining 
spatial resolution high enough to resolve different lava 
flow types over areas large enough to conduct regional 
mapping. Now, however, the current image data sets 
(HRSC, CTX, THEMIS, MOC, HiRISE) from the re-
cent missions provides the unprecedented opportunity 
to characterize the latest effusive activity across all of 
Olympus Mons using geologic mapping techniques 
(also discussed by [14]). 
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Figure 1. ArcMap™ project containing the image bases and data sources available to produce a new 1:1,000,000 
geologic map of Olympus Mons (prepared by the USGS). The mapping window at right shows the CTX mosaic of 
OM (6 m/pixel) underlain by the HRSC mosaic (25 m/pixel). Other data sources (as shown in the Table of Contents 
at left) include the MOLA and HRSC digital terrain models, corresponding hillshades, and the Viking MDIM and 
THEMIS day and night infrared images. We can add MOC and HiRISE images as needed. The red box outlines the 
approved map area. The red curves delineate flank terraces as mapped and described by [15]. 
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