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Introduction: Since the end of NASA’s Galileo
Mission to Jupiter in 2003, the focus of Galileo data
analysis has been on integrated studies of observations
from all of the remote sensing instruments (Solid-State
Imager: SSI; Near Infrared Mapping Spectrometer:
NIMS; and Photopolarimeter-Radiometer: PPR). Our
focus has been on applying these integrated studies to
the production and analysis of three regional geologic
maps of selected areas of Io’s antijovian hemisphere,
which was imaged at low-resolution (>5 km/px) by
Voyager and high-resolution (190-360 m/px) by Gali-
leo. Now we are preparing to start a newly-funded
NASA Outer Planets Research project to produce a
global geologic map of Io from combined Galileo and
Voyager data. This map will serve as a tool to 1) inte-
grate the new discoveries from the Galileo Mission
with the lessons from Voyager; 2) serve as a frame-
work for the continuing analysis of Galileo data; 3)
correlate ongoing ground-based telescopic observa-
tions of Io with known sites of active volcanism; and
4) serve as a basemap for planning any spacecraft ob-
servations of Io from future missions (e.g., JIMO). In
this abstract we discuss the strategies needed to pro-
duce a global Io map, based on the insights learned
from our regional mapping.

Regional Mapping-Insights Learned: The limited
coverage of Io afforded by the Galileo flybys resulted
in the selection of several regional mosaics for imag-
ing, covering large portions of the antijovian hemi-
sphere (Figure 1). Three of these mosaics were ini-
tially chosen for planetary geologic mapping, both to
develop skills in mapping Io using Galileo data, and to
assess the geologic activity in these regions: the
Chaac-Camaxtli region [1], the Culann-Tohil region
[2], and the Zamama-Thor region [3]. Each of these
regions contains one or more sites of active volcanism
(based on detection of SSI, NIMS, or PPR hot spots
during the Galileo mission), which tend to dominate
the geology of the region. Each region is also distinctly
different from the others: Chaac-Camaxtli contains a
line of irregular paterae in various stages of develop-
ment, and a fluctus (flow field) with evidence of both
sulfur and silicate flows [1]; Culann-Tohil contains a
patera with a complex set of active flows and plumes,
and a mountain whose formation has influenced two
adjacent paterae [2]; Zamama-Thor contains a re-
altively recent central vent-fed flow field and a reacti-
vated vent that was the source of the highest plume
eruption seen on Io [3-4]. Our approach in producing
maps of these regions was to use traditional planetary
mapping techniques [5] and build on the experience
gained from the Voyager-era regional maps of the

subjovian hemisphere [6]. New insights on Io’s vol-
canism have been gained during the Galileo era, such
as: 1) more accurate color imaging in the visible spec-
trum, and the association of specific colors of volcanic
deposits to particular compositions and styles of erup-
tion [7]; 2) recognition of the volcano-tectonic rela-
tionship between paterae and mountains in many areas
[8]; and 3) definition of discrete Ionian eruption styles
(Promethean, Pillanian, Lokian) with associated effu-
sive and explosive components that can be related to
specific terrestrial analogs (e.g., Promethean <=> Ha-
waiian compound fields; Lokian <=> lava lakes) [9].

Strategies for Global mapping: There are two key
considerations that need to be recognized when devel-
oping a strategy for global Io mapping. First, as noted
by Geissler et al . [7, 10], the bulk of the surface
changes on Io due to volcanism are centered around a
few very active vents; large areas of the surface (83%)
had no discernable changes during the Galileo mission.
This fact suggests a mapping approach centered on
formations, i.e., sets of related geologic units focussed
on a specific source of activity (patera, fluctus, moun-
tain, etc.). Second, because the Galileo and Voyager
imaging coverage of Io [4, 9] is not uniform (i.e., much
global (>1 km/px) imaging, limited regional (>100
m/px -<1 km/px) imaging, and rare local (<100 m/px)
imaging, all at a range of phase angles and lighting
conditions), the number of material units that can be
defined and characterized for the global basemap may
be limited. Based on our regional mapping [1-3], and
the experience of the Voyager-era mappers [6], Io has
5 primary types of material units: plains, flows, patera
floors, mountains, and diffuse deposits. The plains
materials have various textures and degrees of layer-
ing, resulting from a complex history of deposition and
erosion of sulfurous [11] and silicate explosive and
effusive volcanic deposits, volcanic vent and mountain
formation, and perhaps other as yet unidentified proc-
esses [1-3]. Patera floor materials have a wide range of
colors, albedos, and textures that depend upon the
composition and eruption styles of the volcanic materi-
als that cover them. Lava flow materials also have a
range of colors and albedos from dark to bright; dark
flows are thought to be mafic or ultramafic silicate
lavas and bright flows are thought to be sulfur and/or
sulfur dioxide (SO2) flows [12]. Mountain materials
resulted from uplift of crustal blocks [8, and references
therein], mantling by plume deposits, and erosion by
mass movement [13]. Diffuse deposits, which Galileo
images show exist in five basic colors (white, black,
yellow, red, and green), are produced when material
ejected in explosive plume eruptions settles on the sur-
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face. These deposits likely consist of both pyroclastic
fragments and frozen gases, and are traditionally
mapped both on the Voyager-era maps and our Io maps
[2-3, 6]. Interestingly, unlike all other imaged bodies in
the Solar System, there are no impact craters on Io.
The point is that the number of subunits of these 5
primary unit types that can be created and used on the
global map will have to be carefully considered. Like-
wise, use of the multiple imagery under various light-
ing conditions will be necessary to identify scarps of
layered plains and mountains, and possibly other tec-
tonic features.

Implications of work: The Galileo observations of
Io from 1996-2001 have led to discoveries with pro-
found implications for the nature of Io’s interior and
surface, and for the development of models of Io’s
geologic evolution to its present state (e.g., [14]).
Global geologic mapping is the one critical missing
element that is required for incorporating these new
observations to refine our models of Io. Mapping Io is
an unique challenge because of the rate of surface
change. Despite the fact that 83% of Io's surface has
not changed during Galileo, we will have to make spe-
cial adjustments to standard mapping techniques todeal
with temporal changes. We plan to use GIS to record
these changes, which would be more difficult to cap-
ture on a traditiional paper map. The systematic char-
acterization of Ionian surface features and their distri-
bution in time and space is essential for identifying the
volcanic and tectonic processes working on and within
Io. Some specific outstanding questions (that we may
or may not be able to answer): are the flow and the
patera floor materials the same material? What are the
mountains made of (dominantly diffuse deposits or

flows?) Is there a global pattern to the tectonics on Io?
How closely are tectonism and volcanism linked?
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Figure 1. Image of Io’s antijovian hemisphere,
showing locations of regional mosaics. Those outlined
in green have been mapped by Williams et al. [1-3].
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