
GALILEO SSI OBSERVATION OF IO DURING ORBITS C30-I33.  L. Keszthelyi1, E. Turtle 1, A. McEwen1,
D. Simonelli2, P. Geissler1, D. Williams 3, M. Milazzo1, J. Radebaugh1, W. Jaeger1, K. P. Klaasen 4, H. H. Breneman4,
T. Denk5, J. W. Head6, and the Galileo SSI Team, 1PIRL, Lunar and Planetary Laboratory, University of Arizona,
Tucson, AZ  85721, 2Cornell University, Ithaca, NY  14853, 3Department of Geological Sciences, Arizona State
University, Tempe, AZ  85287, 4Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Dr.
Pasadena, CA, 91109, 5DLR, 12484 Berlin, Germany, 6Brown University, Providence RI 02912.

Introduction:  The Galileo spacecraft continues to
return spectacular new images of Io despite steadily
increasing radiation damage.  We report on the new
images acquired by the Solid State Imaging (SSI) Ex-
periment since the last LPSC meeting.  These include
distant observations from orbits C30 (May 23, 2001)
and I31 (August 6, 2001) as well as spectacular new
high-resolution images from orbit I32 (October 14,
2001).  We will also present the unique views afforded
by orbit I33, which will occur on January 17, 2002.

C30 and I31:  Starting in late 2000, the SSI camera
started to suffer major upsets during times of high ra-
diation that are encountered close to Io and Jupiter.
Initial attempts to alleviate the problem focused on
rebooting the camera at regular intervals.  Despite
these efforts, many invaluable observations were lost.
On orbit C30, a 4 km/pixel eclipse observation of the
sub-jovian hot spots, and two ~3.5 km/pixel color ob-
servations were lost.  The lost observations on I31
were aimed at: the Tvashtar vent at 3-5 m/pixel with
context including hot lavas and sapping features at 50
m/pixel; the Prometheus plume structure at 45 m/pixel;
Savitr Mons at 135 m/pixel; the Amirani flow field to
detect changes at 140 m/pixel; Itzamna Patera in 4 col-
ors at 140 m/pixel; ~400 m/pixel observations to plan
high resolution I33 imaging of Masubi, Kanehekili,
and Lei Zi flow fields; and 410 m/pixel near-
terminator views of anti-jovian region.  The loss of the
medium resolution views of Masubi, Kanehekili, and
Lei Zi have made planning the I33 imaging sequence
significantly more difficult.  Scientifically, the loss of
high resolution views of the Tvashtar eruption vent and
the Prometheus plume were the most painful because
there are no further opportunities to target these or
similar features.

In light of the camera anomalies, the imaging se-
quences in orbits I31 and I32 were changed to include
some low-resolution monitoring observations.  These
were successfully acquired on orbit I31 and revealed
that Io is still able to surprise us.  We found the tallest
plume ever on Io, reaching to ~500 km above the sur-
face.  The source of the plume at 41N, 134W was away
from any previously recognized active volcano.  We
suspect that this was the plume that the Galileo space-
craft impacted near closest approach on orbit I31.  An-
other major new eruption was found at Dazbog.  Thus

we have found several large eruptions at high latitudes,
even though the activity during the prime mission was
more evident at low latitudes.

I32 Success:  The anomalies during I31 allowed
the Galileo engineers to properly diagnose the problem
as a faulty operational amplifier in the camera's signal-
chain (probably radiation damaged) that tends to go
into saturation when triggered by high voltage signals
passing through this circuit.  To avoid generating such
high voltages, the SSI detector light flood and erase
cycle was inhibited and a revised power-on procedure
was programmed.  The new procedure was tested in
time for the I32 flyby, with spectacular results:

Loki.  A 1.1 km/pixel, near terminator observation
of the Loki region provided our best topographic con-
straints on the Solar System’s most powerful volcano.
The rim of Loki can be no more than 100 m tall.  This
makes it difficult to envision Loki as the site of fre-
quent large volume effusive eruptions.  Instead, the
hypothesis that Loki is a lava lake with an episodically
overturning crust is more likely.  The I32 observation
also revealed that the recent lavas in Loki and other
paterae are strongly forward scattering, consistent with
a relatively flat, smooth glassy lava surface.

Pele.  A 5-frame, 2-color, 60-65 m/pixel night time
observation of Pele finally found the large area of in-
candescent lava we had missed in I24 and I27.  Pre-
liminary temperatures are about 1400K, consistent
with a basaltic, rather than ultrabasic, lava.  The distri-
bution of glowing lava is consistent with a continually
overturning lava lake.  (see Davies et al. [1], Rade-
baugh et al. [2], and Milazzo et al. [3] for details).

Telegonus.  The scarp of Telegonus Mensa was ob-
served in I32 at 10 m/pixel with 41 m/pixel context.  In
a 350 m/pixel I27 observation this area seemed to be
undergoing sapping.  However, the I31 images re-
vealed only evidence for gravity driven flow in the
form of slumps and slides.  These are the first 10
m/pixel observations of Io that have sufficient context
to make them interpretable.

Emakong.  The dark channel seen in I25 images
extending east from Emakong Patera was re-imaged in
I32 at 33 m/pixel.  It revealed that parts of the channel
have been roofed over and that dark and light lavas are
intimately mixed.  Williams et al [4] provide more de-
tails.
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Tohil.  Tohil Mons and Patera were imaged at 50
m/pixel and 325 m/pixel, near the terminator.  These
observation are revealing new details on Ionian moun-
tain formation and the interaction between mountains
and paterae (see Turtle et al. [5] for more details).

Tupan.  Tupan Patera was known to be one of the
most colorful hot spots on Io.  The new 132 m/pixel, 3-
color mosaic reveals much about the interactions be-
tween the different color units.  It appears that the
black silicate lava is melting sulfurous materials in the
~900-m-tall walls of Tupan Patera which then ooze
over the top of the warm but solidified silicates.  This
observation also provides the best evidence yet that the
green deposits on Io form by the chemical interaction
between warm silicate lavas and red sulfur plume de-
posits.  (see Geissler et al. [6] for more details)

Tvashtar.  The massive eruption at Tvashtar, first
seen in orbit I25, now appears to be over.  The final
form of the new dark lavas mimics the earlier flows,
suggesting that subtle topographic confinement is con-
trolling the extent of the effusive lavas.  (For more
details, see [3] and [6]).

Gish Bar.  The 250 m/pixel images of the moun-
tains, lavas, and tectonics at Gish Bar Patera are the 1st
part of a stereo observation with data from orbit I33.
The topographic data will be crucial for distinguishing
between different mountain formation models.  (see
Jaeger et al. [7] for details).

Terminator.  ~330 m/pixel, near-terminator obser-
vations have revealed new details about a number of
features on Io.  Mycenae Regio is revealed to consist
of thin, digitate lava flows.  The flows emanating from
Culann Patera traverse very low slopes.  This observa-
tion was modified after I31 to traverse the new erup-
tion site.  The images reveal that the 500-km-tall
plume source is a series of dark flows that are follow-
ing earlier bright yellow flows.  Both dark and bright
diffuse deposits appear to be forming.

A pair of low resolution observations of the sub-
jovian face of Io are still being played back as of this
writing.

I33 Plans:  I33 will provide Galileo’s first oppor-
tunity to image the sub-jovian side of Io at moderate to
high resolution, targeting sites not seen properly since
the Voyager flybys in 1979.  Specific observations
include: 13 and 85 m/pixel observations of the Tholi
which may consist of high viscosity, evolved lavas; 20
m/pixel view of Mbali Patera with 90 m/pixel color
context; 27, 98, and 335 m/pixel panchromatic and 1.4
km/pixel color imaging of Kanehekili Fluctus; 110
m/pixel observation of Hi’iaka Montes and Patera to
test the hypothesis of massive strike-slip faulting; 130
m/pixel stereo observation of Gish Bar Patera and sur-
roundings; 122 m/pixel observation of Pan Mensa and

its two associated paterae; 335 m/pixel observation of
flows and plumes at Masubi; a 1.4 km/pixel color mo-
saic over the portion of Io not imaged properly by ei-
ther Voyager or Galileo; and a 2.4 km/pixel color view
of the anti-jovian features we have studied the most
intensely with the previous close Io flybys.

Closest approach to Io will be on January 17, 2002.
However, due to limited funding, playback is to end 6
weeks later, permanently leaving about half the data on
the tape recorder.  Should funding be found, playback
could be extended through November, 2002 when
Galileo encounters Amalthea on its penultimate orbit.

A34 Hopes:  Currently there is no plan for any im-
aging or remote sensing during orbit A34.  However,
should funding be found, we have a plan for two very
high value observations of the sub-Jovian hemisphere
to be taken from inside Io’s orbit.  The first is a 500
m/pixel daylight view of Pillan Patera and Pele.  This
would provide critical tests of the lava lake hypothesis
for Pele and allow us to determine if the eruption at
Pillan involved magma moving up the same faults that
are ripping the nearby mountain apart.  The second is
another 500 m/pixel strip from Loki to Ra.  This will
provide the best view ever of the Solar System’s most
powerful volcano and a much better look at the most
likely site of sulfur volcanism on Io.  It should be tech-
nically possible to play back all these data before
Galileo’s final plunge into Jupiter in September 2003.

Preliminary Conclusions:   There are a number of
conclusions we can draw from the second set of close
flybys of Io by the Galileo spacecraft.  First, a space-
craft can be built to function in this hostile radiation
environment, but it requires exceptional engineering in
the design and mission support phases.  These latest Io
images are enduring testaments to the talents and dedi-
cation of two generations of people.

Second, many of Io’s volcanoes appear to be per-
sistent lava lakes.  These may have formed when entire
crustal blocks have been stoped into the underlying
mantle and/or as the heat from ultrabasic intrustions
melted and vaporized the sulfurous volatiles in the
crust.  This depletion of local volatiles could make the
crust dense enough to sink.  To date, all the Galileo
observations are consistent with a global magma ocean
within Io.  However, the most powerful statements
about the subsurface of Io are coming from the study
of the interaction of Ionian mountains and volcanoes.
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