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Figure 1.—Voyvager 1 global mosaic of lo in simple cylindrical projection. Enhanced color is result of
color contrasts of orange, blue, and violet mosaics, each linearly stretched to maximize contrast
(from McEwen, 1988). For natural-color versions in Lambert Equal-Area projections, see Young
(1985) or Burns and Matthews (1986, pl. 4, p. 880).
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Figure 2.—Location of Ruwa Patera quadrangle (shaded
area) on lo. Longitudinal boundaries of quadrangle
coincident with those of [o’s Jupiter-facing hemisphere
(centered at lat 0°, long 0°). West half of quadrangle is
in lo’s leading hemisphere (long 0° to 180°); east half is
in trailing hemisphere (long 180° to 360°).
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Table 1.—Names and locations of features mentioned on this sheet.

Name Lat Long Name Lat Long
PATERAE MONTES
Amaterasu  37.5°N. 307° Bodsaule 5°-13°S. 262°-275°
Aten 48.5°S. 311° Euboea 44°-50° S. 332°-343°
Babbar 39.5°S.  272.5°
Carancho  1.5°N. 318° THOLI
Fuchi 28° N. 328° Apis 11°S, 349°
Galai 11*S. 289° Inachus 16° S. 349°
Gibil 15° S. 295°
Kane 48° S. 2° FLUCTUS
Loki 13° N. 309° Euboea 43.5°-46.5°S. 351°-354.5°
Maasaw 40° S. 340.5° Tung Yo  11.5°-21°S.  351°-3°
Purgine 3% 8. 298°
Ra 8°S. 325° lopolis Planum  30°-38° S. 332°-336°
Ruwa 0° 3°
Siun 495°S. 25° Media Regio 20° S.-35° N.  15°-108°
Ulgen 41° S. 288°
PATERAE OUTSIDE QUADRANGLE
Pele 19°S. 256°
Svarog 48° S. 267°
Creidne 53° S. 344°
Prometheus 3°S. 153°
*ERUPTIVE CENTERS
Masubi 44° S, 54°
Surt 45° N. 337°

*Masubi and Surt are two of nine eruptive centers on lo that were active during the
Voyager encounters. These centers have been assigned only proper names by the
International Astronomical Union.

Table 2.—Albedo and enhanced color categories used in
Description of Map Units

[From McEwen (1988); values in parentheses are standard deviations]

Color Enhanced
category Normal albedo of units color
Orange Blue Violet Ultraviolet
1 0.67 (.09) 046 (.05) 0.18 (.03) 0.06 (.01) Orange red
2 0.45 (.08) 032 (.06) 0.13(.04) 0.04 (.01) Dark (brown to
greenish gray)
38 0.75 (.09) 0.55 (.07) 0.28 (.06)  0.10 (.03) Yellow
4 0.78 (.09) 0.58 (.09) 0.37 (.07) 0.18 (.05) White
5 0.83 (.10) 0.66 (.08) 0.50 (.09)  0.31 (.08) Bright white
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DESCRIPTION OF MAP UNITS

[See table 2 for color values in color categories]
Mantling material—Low-albedo deposit surrounding Babbar
Patera and unnamed patera at lat 15° N, long 342°. Color
category 2. Interpretation: Pyroclastic deposits; relatively
young. Superposed on all surrounding materials except
plume deposits of Pele (active during Voyager 1); material
still warm at Babbar Patera (hot spot) during Voyager
encounters
Cone material—Forms raised rims surrounding some paterae.
Best developed at Amaterasu Patera. Color category 1.
Interpretation: Dominantly silicate ash materials

PATERA FLOOR MATERIALS
[Interpreted as volcanic flows or sulfur-rich fumarolic deposits
associated with active or solidified lakes of sulfur or silicate in
calderas]

Dark material—Deposits of generally low albedo on floors of
steep-walled depressions. Color categories 1 and 2
Light material—Similar to dark patera floor material except

has high albedo. Color categories 3 and 4
Undivided material—Similar to dark patera floor material
except has moderate albedo. Color category 1

FLOW MATERIALS

Patera materials—Interpreted as volcanic flows consisting of
silicates, sulfur, or mixtures of both; originated as fluid
flows

Dark material—Extensive, overlapping deposits originating
from paterae assumed to have low relief. Well developed
at Amaterasu Patera. Color categories 1 and 2

Light material—Similar to dark patera flow material but has
high albedo. Well developed at Purgine Patera. Color
categories 3 and 4

Undivided material—Similar to dark patera flow material
but has moderate albedo. Well developed at Amaterasu
Patera. Color category 3

Shield materials—Interpreted as shield-volcano summit and

flank flows of silicate, sulfur, or both

Dark material—Forms long, narrow, overlapping, low-
albedo deposits from paterae assumed to have moderate
relief. Well developed at Ra and Maasaw Paterae. Color
categories 1 and 2

Light material—Similar to dark shield flow material but has
high albedo. Well developed at Ra Patera. Color cate-
gories 3 and 4

Undivided material—Similar to dark shield flow material
but has moderate albedo. Well developed at Ra Patera.
Color category 3

Fissure material—Elongate to broad, lobate, low-albedo
deposits; associated with linear depressions. Best devel-
oped at Euboea Fluctus. Color categories 1 and 2.
Interpretation: Volcanic flows consisting of silicates,
sulfur, or both; originated as fluid flows from elongate
fissures

Tholus material —Forms circular, shield-shaped features with
well-defined outer scarps and central depressions.
Moderate albedo. Forms Apis and Inachus Tholi. Color
category 3. Interpretation: Material of shield volcanoes
characterized by central eruption of silicates having high
sulfur content. Origin of basal scarps uncertain

fh Hummocky material—Massive, thick deposits having pro-

nounced grooved surfaces and lobate distal scarps of

considerable relief. Moderate albedo. Occurs only in
association with Carancho Patera and south and west of

Carancho. Color category 3. Interpretation: Viscous

lava flows consisting of silicates having high sulfur

content

PLAINS AND PLATEAU MATERIALS

[Interpreted as polygenetic materials that include lava flows and
plume fallout; mixtures of silicates, sulfur, and sulfur compounds]
Plains material —Forms flat terrains between paterae. Albedo
uniform over wide regions. Cut by common troughs and
scarps. Layers interfinger locally within unit and with
other units. Color categories 2 and 3
Plateau material —Forms isolated, commonly stepped pla-
teaus bounded by scarps. Surface generally flat; abundant
grabens at places. Layers interfinger locally within unit
and with other units. Locally thicker or more competent
than interpatera material. Commonly adjacent to patera
floor and undivided mountain materials and embayed by
interpatera plains material. Color categories 2 and 3.
Type area lat 30° S., long 318°
MOUNTAIN MATERIALS
- Grooved material -Forms rugged, elevated terrain within
Euboea Montes area at lat 48°S.,long 339° and lat49° S,
long 349°; many parallel grooves; massive; lobate scarps
overlap plains materials. Color category 3. Interpretation:
Silicate volcanic deposits locally remobilized downslope
in association with thermal anomaly and tectonism in
Creidne Patera; alternatively, long-duration silicate erup-
tives of normal viscosity and low effusion rate. Mantled
by sulfur and other related compounds formed by local
and regional volcanism
Smooth material —Forms elevated terrain in Euboea Montes;
relatively smooth surface protrudes above interpatera
plains. Color category 3. Interpretation: Layeredsilicate
crust or volcanic constructs. Solitary exposure may
represent decollement surface on which grooved moun-
tain material moved downslope to northwest. May be
mantled by sulfur or sulfur-related compounds
- Undivided material —Forms rugged to undulatory, elevated
terrain having many ridges and troughs; appears embayed
by adjacent units and mantled in places. Layering obvious
locally on steeper slopes. Best developed at Boosaule
and Euboea Montes. Commonly associated with plateau
material. Color category 3. Interpretation: Composition
similar to that of other mountain materials; originated as
silicate deposits commonly associated with large paterae
(Schaber, 1980, 1982); commonly deformed tectonically.
Generally oldest material exposed; however, material on
south rim of Loki Patera may be very young

l :

——— - --- Contact—Dashed where approximately located or inferred
— 1 Fault—Bar and ball on downthrown side

~———— Graben

——X%—— Trough—Possible graben

Hbuat Searp—Line at top of scarp, hachures point downslope;
dashed where approximately located or inferred

—Y —— Base of ridge—Barb points downslope
—4&—— Ridge crest
-------- Albedo lineament—Subtle; continuous or discontinuous

Steep-walled depression—Interpreted as caldera. Symbol
generally used as contact

Vent inferred to have been active between Voyager 1 and
2 encounters

Hot spot observed during Vovager 1 encounter

* Active vent observed during Voyager 1 and 2 encounters

Boundary of primary plume deposits first observed by
Voyager 1—Queried where boundary uncertain

e === Boundary of primary plume deposits first observed by
Vovyager 2

Very bright deposits—Color category 5 (table 2)

INTRODUCTION

Among the planetary bodies so far imaged, lo is unique. Its surface is
dominated by active volcanism. Its bulk density and physical appearance
suggest material compositions that are largely silicates, and silicate volcanic
rocks likely form its major landforms (Clow and Carr, 1980; Schaber, 1980,
1982; Carr, 1986). However, spectral identification of these rocks has not
been successful because the surface is obscured by sulfur, sulfur dioxide,
and related compounds derived from constant volcanic activity (Smith and
others, 1979a, b).

Spectral analyses have, however, confirmed the presence of sulfur
dioxide and the absence of water on lo’s surface (Fanale and others, 1979;
Pearl and others, 1979; Smythe and others, 1979); the presence of elemental
sulfur, polysulfur oxides, FeCly, NayS, NaHS, and other compounds is
suspected (Fanale and others, 1982; Nash and others, 1986; McEwen, 1988).
Surrounding lo are clouds of sulfur, sodium, and potassium ions (Brown,
1974; Trafton, 1975; Kupo and others, 1976), which are probably liberated
from lo’s surface by sputtering (Matson and others, 1974). Reviews of the
surface composition of Io have been given by Fanale and others (1982), Sill
and Clark (1982), Clark and others (1986), and Nash and others (1986).

Thermal anomalies, volcanic plumes, and surface changes observed
during or between the two Voyager encounters (4 months apart in 1979)
testify to Io’s present volcanic activity (Morabito and others, 1979; Smith and
others, 1979a; Pearl and Sinton, 1982; McEwen and others, 1985). Europa
forces lo’s orbit into eccentricity, and Jupiter raises solid-body tides on lo
that cause internal heating and the eruptive dissipation of tidal energy,
which, in turn, result in volcanic activity (Peale and others, 1979; Schubert
and others, 1981; Cassen and others, 1982; Ross and Schubert, 1985, 1986;
Nash and others, 1986; Segatz and others, 1988).

During the Voyager 1 encounter, nine eruption plumes were observed,
of which eight were also observed by Voyager 2 (Smith and others, 1979a, b;
Strom and others, 1979, 1982). McEwen and Soderblom (1983) have
described two distinct classes of plumes that were active during and
between the Voyager encounters: the more energetic, larger, Pele type
(driven by sulfur) and the less energetic, smaller, Prometheus type (driven
by sulfur dioxide). (Plume classification and thermodynamics have been
discussed in detail by Kieffer, 1982, and McEwen and Soderblom, 1983.)

The Pele-type plumes have an eruption duration of a few days to a few
weeks, reach heights of about 300 km, and produce concentric deposits as
large as 1,000 km or more in diameter. In this map area, Aten Patera and Surt
were the sources of Pele-type plumes that were active between the Voyager
encounters (McEwen and Soderblom, 1983). (See table 1 for location of all
surface features discussed.)The distribution of the Pele-type plumes cor-
responds to a “historically redder” region (identified by Earth-based
observations) between long 240° and 360° (Morrison and others, 1979; fig.
1). This region, which includes much of the Ruwa Patera quadrangle, is
darker, redder, and more volcanically active than other regions of lo; it has
been identified as the source of a large part of lo’s total heat flow (Johnson,
1971; Morrison and others, 1979; Pearl and Sinton, 1982; Johnson and
others, 1984; McEwen and others, 1985). Major hot spots recognized within
the quadrangle are located in the vicinity of Loki, Babbar, Ulgen, and
Amaterasu Paterae (Pearl and Sinton, 1982; McEwen and others, 1985;
Pearl, 1985). Pele Patera is a plume source and hot spot immediately east of
the quadrangle; its plume deposits blanket the surface along the east map
border. Svarog and Creidne Paterae are other hot spots just outside the
quadrangle boundaries (Pearl and Sinton, 1982; McEwen and others, 1985).

Plumes in the second class, the smaller Prometheus type, may have a
duration of several years or more. They reach heights typically between 50
and 120 km and form ringed deposits 200 to 600 km in diameter. With the
exception of Masubi, most Prometheus-type plumes occur outside this
quadrangle (McEwen and Soderblom, 1983), along the margin of a band of
white sulfur dioxide frost in the equatorial belt between lat 30°N.and S., long
90° to 270°.

LokiPatera has been interpreted as the source of a hybrid plume—one
showing Pele- and Prometheus-type plume behaviors at different times
(McEwen and Soderblom, 1983). The plume’s hybrid nature may be the
result of two observed plume sources, one at the patera and one
immediately to the northeast.

Unlike all other planetary bodies investigated to date, lo has no craters
that are suspected to be of impact origin. Their absence indicates rapid
resurfacing of the satellite by volcanic materials; estimates of resurfacing
rates range from 1073 to 10 cm/yr (Johnson and others, 1979, 1984; Collins,
1981; Johnson and Soderblom, 1982; Carr, 1986). Preliminary summaries of
lo’s geology, based on Voyager data, were given by Carr and others (1979),
Masursky and others (1979), and Schaber (1980, 1982).

Local relief onlo is poorly known but is estimated to be as much as 9 km
on the basis of measurements of slope profiles of mountain massifs near the
terminator (Schaber, 1980, 1982). Inner vent walls of paterae, as well as
erosional or tectonic scarps, are estimated from shadow measurements to
locally exceed 2 km in height. Knowledge of regional and local topography
within the quadrangle is limited to measurements obtained by applying
limb-fitting techniques to Voyager image data (Gaskell and others, 1986;
Gaskell and Synnott, 1987; Gaskell and others, 1988). Preliminary results
indicate that Media Regio may be a plateau elevated 1 to 2 km above the local
geoid, while the volcanically active region located between Amaterasu, Loki,
and Gibil Paterae may be locally depressed 1 to 2 km below the geoid.

MAPPING TECHNIQUES

The quadrangle is centered in the Jupiter-facing hemisphere of Io (fig.
2). The quadrangle’s eastern two-thirds was imaged at high resolution (0.5 to
2 km/line pair; Smith and others, 1979a). The remainder was imaged at
significantly lower resolution, as shown on the resolution diagram, this
sheet. Photogeologic mapping of the quadrangle was done primarily through
analysis of the high-resolution Voyager 1images. The results were compiled
on a controlled photomosaic prepared from both Voyager 1 and 2 images,
but no geology could be mapped in the western third because image
resolution is insufficient to determine geologic boundaries.

Within the quadrangle, three areas were imaged at resolutions of 2
km/line pair or better and thus can be mapped at scales larger than that of
the quadrangle as a whole. These areas are Maasaw Patera (Moore, 1987), at
1:1,000,000; Ra Patera (Greeley and others, 1988), at 1:2,000,000; and Kane
Patera (W.E. Elston and F.R. Karner, work in progress), also at 1:2,000,000.
Over much of the quadrangle, however, high solar-illumination angles and
the presence of high-albedo materials locally hampered photogeologic
analysis of subtle topographic features. Mapping was also complicated in
places by near-surface and airborne particulates and gases that partly
obscured the surface for considerable distances from active vents (Lee and
Thomas, 1980), especially in the vicinity of Loki Patera and west of Pele
Patera.

False-color images, produced to emphasize relative differences in
spectral reflectivity, were generally useful for mapping. However, because
available color images were not calibrated with albedo files for enhanced
color, the differences in color portrayed in these images were not used to
infer changes in flow chemistry or in chilling temperatures of sulfur flows, as
had been done by earlier workers such as Pieri and others (1984). The
average natural color of lo’s surface is pale yellow (Young, 1984; McEwen
and others, 1985; McEwen, 1988), and most of [o’s spectral variability occurs
in the violet to near-uv wavelengths. Thus, the natural color image is
relatively bland and many of the spectral patterns cannot be seen. Because
color description on lo remains confusing, albedo and enhanced color
categories (table 2) are used in the descriptions of map units.

Conventional planetary photogeologic techniques, described by
Wilhelms (1972), were combined with techniques developed for mapping
terrestrial volcanic deposits. Vent-crater floors were mapped and volcanoes
classified on the basis of general morphology and estimates of relief.
However, coalescing flows from adjacent vents and anastomosing flows
from single vents complicated mapping of volcanic units. The absence of
systematic topographic information for the quadrangle also significantly
hindered interpretation of volcanic features and geologic history. Relative
ages of flow sequences from individual mapped vents are not indicated, but
flow-age sequences for the Ra Patera area have been discussed by Greeley
and others (1988).

GEOLOGY

A well-defined stratigraphy for the Ruwa Patera quadrangle could not
be developed because of the absence of recognizable impact craters and
ejecta, which have been used on other planetary maps to establish relative
chronologies or regional stratigraphic datum planes. Because these craters
are lacking and because lo’s volcanic activity is intense, all mapped units
within the quadrangle are inferred to be young.

MATERIAL UNITS

Most units are interpreted to be the result of volcanic processes and to
consist primarily of silicates and secondary amounts of sulfur and sulfur
compounds. However, thermal erosion and remobilization of sulfur and its
compounds may be locally important processes on the surface (Sagan, 1979;
Greeley and others, 1984; Pieri and others, 1984) and may affect geologic
interpretations of units. Nineteen geologic units have been mapped in six
major classes: materials of mountains, plains and plateaus, flows, patera
floors, cones, and mantles.

The mountain materials have considerable relief, and the deep dissection
and denudation of their surfaces indicate that the units have had a complex
tectonic history. The undivided mountain material (unit m) is the oldest unit,
yet its presence on the south rim of Loki Patera (an active vent during both
Voyager encounters) indicates that the mountain material may also be
young. Surface detail near Loki is obscured by plume emanations; however,
the patera may have alocal relief of 2.5 to 3 km, as indicated by topographic
measurements (Gaskell and others, 1988). The smooth material (unit ms)
and the grooved material (unit mg ) occur at Euboea Montes.

The mountains, because of their apparent material strength, are
interpreted to consist of materials of a siliceous volcanism that is not now
widespread within the quadrangle. At Boosaule Montes, isolated exposures
of tectonically deformed, undivided mountain material form a ring around a
170-km-diameter, shallow, circular depression of volcano-tectonic origin
(Schaber, 1980, 1982). This mountain material may be remnants of silicate
rims around a large volcanic center. Mountain material at Loki Patera shows
asimilar association. Patera floor deposits (unit pf) have been mapped within
mountain material on lopolis Planum; circular depressions imply the
presence of calderas on Euboea and Boosaule Montes. The bulk of the
mountain materials presently stands as kipukas (islands of volcanic materials
surrounded by younger volcanic units). In an alternate hypothesis,
Whitford-Stark (1982) has suggested that the stratigraphic relations are best
explained if the mountain material represents isolated volcanic constructs
that overlie and thus are younger than the surrounding interpatera plains.

The plains and plateau materials occupy the largest area within the
quadrangle. Though generally older than all other geologic units except the
mountain materials, they range considerably in age and their layers
interfinger within each unit and with most other units. The plains and plateau
materials are characterized by generally uniform albedo over large areas and
a smooth surface at the average resolution of Voyager images; the units are
cut by many scarps of tectonic or erosional origin. These materials are
interpreted to be polygenetic and to include silicate lava flows and sulfur-rich
plume fallout associated with ballistic deposition of silicate ash and sulfur-
bearing compounds. The plateau material (unit pl) is characterized by steep
bordering scarps resulting from tectonic or thermal erosional activity. The
unit is commonly associated with exposures of mountain material, such as
those at Boosaule and Euboea Montes, where the plateau material may be
more resistant to erosion than the interpatera material because of thermal
welding. The plateau material is characterized by abundant linear to arcuate
grabens and grooves, which indicate that the material is sufficiently strong to
produce brittle fractures.

Plains material (unit p) is similar in appearance to plateau material;
however, the former is not isolated by scarps. Its origin and composition are
interpreted as being similar to those of plateau material. The plains material
occupies by far the largest area of any unit within the quadrangle. Its surfaces
are regionally bland in albedo and enhanced color.

Of the flow materials, hummocky material (unit fh) is mapped only at
Carancho Patera. It forms steep lobate scarps, and its many grooves and
ridges give it a hummocky appearance. This material is interpreted as silicate
flow deposits that are more viscous than is usual on lo.

Tholus material (unit ft) is limited to two adjacent occurrences forming
Apis and Inachus Tholi. The tholi have basal scarps, and their topographic
profiles appear similar to that of an isolated smaller shield at lat 30° S., long
246°, which was described by Moore and others (1986). Unlike other shields
mapped in the quadrangle, the tholi bear no recognizable individual lava
flows emanating from the summit calderas. Gaskell and others (1988), using
limb-fitting techniques described by Gaskell and Synnott (1987), estimated
the summit of Inachus Tholus to be about 1 km higher than that of Apis
Tholus; the lower elevation of Apis may have allowed patera flow materials
(unit fp) from Tung Yo Fluctus to the west to cover its west and south flanks.

Fissure material (unit ff) is best developed at Euboea Fluctus, a fissure
aligned with a breach in Euboea Montes. The material is interpreted to be
lavas that have flowed from this and other recent fissures. The composition
of the material is assumed to be dominantly silicates; however, dark sulfur
flows are also a possibility.

Long, narrow flows radiate from some calderas of paterae thought to
have higher relief than others. These deposits are mapped as shield
materials—undivided (unit fs), light (unit fsl), and dark (unit fsd). The
length-to-width ratios of the flows on lo’s shields are similar to those of
basaltic flows from terrestrial shields (Schaber, 1982), which could indicate
similar fluid viscosities, rates of extrusion, or both. The mapped shields are
concentrated within about 40° latitude and longitude of the sub-Jupiter point
atlat 0°,long 0° (Schaber, 1986). Through application to the Voyager images
of the limb-fitting techniques mentioned above, Gaskell and others (1988)
have estimated that Ra Patera and the unnamed shield mapped at lat 23° N.,
long 351° rise from 1 to 3 km above the local geoid. The shield flow materials
range widely in age and are interpreted to consist dominantly of silicate
materials with mantles of sulfur and sulfur compounds.

Patera flow materials—undivided (unit fp), light (unit fpl), and dark (unit
fpd)—originate from steep-walled vents in the interpatera material; they
form extensive, broad deposits that indicate low relief of the vent crater.
Amaterasu, Galai, and Purgine Paterae have well-defined patera flows. The
age and composition of the patera floor units are considered to be similar to
those of the shield materials.

Patera floor materials, like the shield and patera flow units, are mapped
as undivided, light, and dark materials; their respective map symbols are pf,
pfl, and pfd. They are interpreted as volcanic flows, sulfur-rich fumarolic
deposits, solidified silicate or sulfur lava lakes, or combinations of the three
(Lunine and Stevenson, 1985; McEwen and others, 1985). The units are
contained in steep-walled calderas of shields and paterae as well as in cones
and fissure vents. Patera floor materials having spectral and albedo
characteristics similar to those of the surrounding interpatera material are
interpreted to occupy the least active vents within the quadrangle, such as
Kane and Siun Paterae. Patera floor materials considered as a group are
fairly uniformly distributed in the map area: they are found in about one vent
or caldera per 5X104 km? (Schaber, 1982).

Cone material (unit c), interpreted as a dominantly silicate ash deposit,
is exposed at only a few places in the quadrangle. At Amaterasu Patera,
where it forms a substantial raised rim around the vent crater, the cone
material is assumed to be young, because the patera is currently a hot spot
(McEwen and others, 1985; Pearl, 1985). Cone material is also present on
Inachus Tholus just south of its summit caldera.

Superposition relations seen in high-resolution images indicate that
low- and high-albedo materials tend to be younger than materials of
intermediate albedo, except for deposits from the Pele-type plumes
(McEwen, 1988). Mantling material (unit ma) has very low albedo and is
interpreted by McEwen and others (1985) as cooling pyroclastic deposits.
The unit occurs mainly around Babbar Patera, a major hot spot. High-albedo
materials, mapped by a stipple pattern, are interpreted as recent deposits of
sulfur dioxide frost.
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STRUCTURE

Tectonic features are grabens, scarps, linear and arcuate depressions,
and ridges, all of which are generally less than 200 km long. These features
are concentrated primarily on the mountain and plains units and may be
associated with broad isostatic uplift and rifting over thermal anomalies
(McEwen, 1985). All of the tectonic features within the quadrangle appear to
be of local rather than of global extent, although tidal stresses may influence
lineament directions (Schaber, 1980). X

McEwen (1985) has pointed out that heat flow from large hot spots on
lo, such as Loki Patera (Pearl and Sinton, 1982), is about 300 times greater
than the heat flow from the entire Hawaiian swell (Detrick and others, 1981)
and 2,000 times the heat flow from Yellowstone National Park (Fournier and
others, 1976). A large amount of energy is thus available for volcanic and
tectonic work. Despite a resurfacing rate that may be as high as 10 cm per
year (Johnson and others, 1979, 1984; Collins, 1981; Johnson and Soderblom,
1982; Carr, 1986), many structural features are apparent on the surface, and
thus tectonism must be extremely active (McEwen, 1985).

Grabens and scarps are well developed east of Galai Patera and on the
south flanks of Babbar Patera. Some scarps occurring within the plains
materials or forming the boundaries of plateau material may result from
thermal erosion or sulfur-dioxide sapping (McCauley and others, 1979).
Ulgen and Aten Paterae are among several examples of apparent uplift and
normal faulting associated with hot spots or volcanic vents (McEwen, 1985).

GEOLOGIC HISTORY

The interpretable geologic history of o encompasses a considerably
shorter period of time than that of any previously mapped planetary body.
The maximum average age of its surface, determined by the absence of
impact craters and by their burial rate, is probably less than 106 years
(Johnson and Soderblom, 1982). The two Voyager encounters in 1979, 4
months apart, showed that lo’s geologic processes are dynamic and can
change over periods of months and weeks, even days. Many areas are
currently being resurfaced by volcanic materials, as evidenced by observa-
tions of plumes that were active during the Voyager encounters. Thus the
geologic units portrayed on this map are considered to be ephemeral; they
represent the surface as it was observed by the Voyagers in 1979.

Formation of the oldest mountain material is interpreted as the earliest
recognized event within the quadrangle; no mountain materials are being
deposited at present. However, the absolute age of the mountain materials is
almost certainly considerably less than the ages of the oldest materials on
other Solar System bodies. Plateau material may be as old as mountain
material where the two types are closely associated (for example, at Euboea
and Boosaule Montes). The patera floor materials, patera and shield flow
materials, and plains materials have been emplaced throughout the entire
range of age represented on the surface—up to the present time. The time of
emplacement of hummocky, tholus, fissure, and cone materials relative to
other geologic units is difficult to ascertain from available photogeologic
evidence.

The ephemeral nature of geologic processes on lo is shown in the map
area by changes observed at several places during and between Voyager
encounters (McEwen and Soderblom, 1983). Volcanic plumes were seen
during both encounters over Loki Patera and Masubi. Two additional
eruptions (McEwen and Soderblom, 1983) occurred between encounters at
Aten Patera and Surt (Strom and Schneider, 1982; McEwen and others,
1989): Voyager 2 images show new deposits about 1,400 km in diameter
around these features and a darkening of the features’ floors. Because no
plumes were observed at Aten and Surt during the second encounter, we
know that their eruptions were of the energetic but short-lived Pele type.
Furthermore, material from these eruptions apparently covered Fuchi
Patera, whose caldera was dark during the first encounter but much brighter
during the second (McEwen and others, 1985; McEwen, 1988). Changes also
occurred between encounters at Loki Patera: the northern two-thirds
brightened while the southern third darkened, and the two plumes formed
new deposits (McEwen, 1988).
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