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lo’s volcanic activity has been monitored by instruments aboard
the Galileo spacecraft since June 28, 1996. We present results from
observations by the near-infrared mapping spectrometer (NIMS)
for the first 10 orbits of Galileo, correlate them with results from
the Solid State Imaging System (SSI) and from groundbased ob-
servations, and compare them to what was known about lo’s vol-
canic activity from observations made during the two VVoyager flybys

in 1979. A total of 61 active volcanic centers have been identified
from Voyager, groundbased, and Galileo observations. Of these, 41
are hot spots detected by NIMS and/or SSI. Another 25 locations
were identified as possible active volcanic centers, mostly on the
basis of observed surface changes. Hot spots are correlated with
surface colors, particularly dark and red deposits, and generally
anti-correlated with white, SO,-rich areas. Surface features corre-
sponding to the hot spots, mostly calderas or flows, were identified
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from Galileo and Voyager images. Hot spot temperatures obtained
from both NIMS and SSI are consistent with silicate volcanism,
which appears to be widespread on lo. Two types of hot spot ac-
tivity are present: persistent-type activity, lasting from months to
years, and sporadic events, which may represent either short-lived
activity or low-level activity that occasionally flares up. Sporadic
events are not often detected, but may make an important contri-
bution to lo’s heat flow and resurfacing. The distribution of active
volcanic centers on the surface does not show any clear correlation
with latitude, longitude, VVoyager-derived global topography, or heat
flow patterns predicted by the asthenosphere and deep mantle tidal
dissipation models. However, persistent hot spots and active plumes
are concentrated toward lower latitudes, and this distribution fa-
vors the asthenosphere rather than the deep mantle tidal dissipation

LOPES-GAUTIER ET AL.

The Solid State Imaging System (SSI) aboard Galileo is i
vestigating lo’s geologic features, plume activity, surface color
and high-temperature hot spot activity (McEwenal. 1997,
1998a,b; Caret al. 1998; Simonelliet al. 1997; Geissleet al.
1999). SSI's spatial resolution is 50 times that of NIMS, enablin
it to detect smaller hot spots than NIMS can, as long as the te
peratures of these hot spots are sufficiently high to be detecta
using the camera. SSI can detect hot spots having a minim
temperature of 700 K if the pixel is filled (McEwet al. 1997).
The NIMS wavelength range, from 0.7 to 5u2n, enables it to
detect cooler hot spots than SSI, down to 180 K if the hot sp
fills a NIMS pixel (Smytheet al. 1995). All of the NIMS pixels
in the observations obtained so far are greater than 14,884 ki

model. (© 1999 Academic Press
Key Words: lo; volcanism; infrared observations.

significantly larger than hot spot areas, which are typically on
afew square kilometers (Lopes-Gaut¢al.1997). The coolest
temperatures obtained from a single blackbody fit to NIMS da
have been about 300 K.

The combination of NIMS and SSI observations is of gre:
value for the study of lo’s volcanic activity. The two instru-

One of the major objectives of the Galileo mission is to studyents provide complementary data for investigating the rel
lo’s volcanic activity and how it varies with time. Active vol-tionship between hot spot activity, plume activity, and surfac
canism on lo was discovered from images and infrared measugeelogy. We present here the results of the NIMS search |
ments taken by the Voyager 1 spacecraft during its flyby of tlrew and recurrent hot spots on lo from observations taken d
Jupiter system in 1979 (e.g., Smigh al. 1979). Four months ing Galileo’s first 10 orbits. We combine the NIMS results witt
later, the Voyager 2 flyby revealed that some major changes hdse from the SSI observations (McEwetral. 1997, 1998a),
taken place on lo, including the apparent shutoff of the Pedieose from groundbased observations obtained during and pi
plume and the filling of the fallout ring around Pele. Analyto the Galileo mission (summarized in Speneeal. 1997a),
sis of Voyager 1 IRIS data (Pearl and Sinton 1982, McEweand those obtained from Voyager data (Pearl and Sinton 19
etal.1992a,b) showed at least 22 hot spots over about a thirdEEwenet al. 1992a,b). The combination of these data sets pr
the surface. The cameras (ISS) aboard the two Voyager spagdes our most complete view to date of the global distributio
craft detected a total of nine active plumes (Strehal. 1981, and temporal variability of 1o’s hot spot activity.

McEwenet al. 1989). All of the plume sites that were also ob-
served by IRIS showed the presence of hot spots.

Since Voyager, lo’s activity has been monitored by obser-
vations from groundbased telescopes (e.g., Veetlal. 1994, The NIMS instrument has been described previously |
Goguenet al. 1988, Spenceet al. 1997a). Hot spot detectionsCarlsoret al.(1992) and Smythet al. (1995). NIMS includes a
from groundbased observations were summarized by Sperggectrometer with a scanning grating and spans the wavelen
and Schneider (1996) and Spenetal.(1997a). range 0.7 to 5.2m, therefore measuring both reflected sunligk

The Galileo mission has provided the unprecedented oppand thermal emission. NIMS forms spectra with 17 detecto
tunity to monitor the activity of lo’s volcanoes from Jupitelin combination with a moving grating. The 17 wavelengths ol
orbit. During its two-year primary mission, from Decembetained for each grating position are acquired simultaneous
1995 to December 1997, Galileo has encountered Ganymetthels providing a “snapshot” spectrum of the target. Spectra c
Callisto, and Europa. The spacecraft has come no closer taded for different grating positions are not located precise
than 240,000 km during each orbit, except at Jupiter Orbit lon the same spot on the planet, because of motion of the fielc
sertion (JOI) when no remote sensing observations were takeiew relative to the surface during the time between grating ste
Closer ranges are planned during the Galileo Europa Missi(h33 s). This motion has implications for the analysis of NIM:
(GEM), including two close flybys of lo at the end of the misdata, such as the variance of hot spot temperatures measi
sion in 1999. The near-infrared mapping spectrometer (NIM8)opes-Gautieet al. 1997).
has observed lo at least twice during each of Galileo’s orbits,NIMS has observed lo at least twice per orbit during Galileo
starting on June 28, 1996. The main objectives of the NIM&bits G1through C10, correspondingto the period from June:
observations of lo are (i) to investigate the distribution and teri996 to September 20, 1997. Most observations were tak
poral variability of hot spots on lo’'s surface (Lopes-Gautierithin one to three days of closest approach in each orbit, cc
et al.1997a) and (ii) to determine lo’s surface composition areting all latitudes and either the whole disk or part of the disl|
the distribution of S@on the surface (Carlscet al. 1997). The NIMS global coverage of lo in these orbits had spati

1. INTRODUCTION

2. 10 OBSERVATIONS BY GALILEO NIMS AND SSI
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resolutions typically in the range 200-500 km/pixel. The higHess than that from neighboring pixels which were identified
est spatial resolution was obtained on the anti-jovian hemisphé spots. This may represent adjacent hot spots that cannc
(122 km/pixel), while the poorest spatial resolution was on tHally resolved at the available spatial resolution, or energy tt
Jupiter—facing hemisphere (for the swath 350W-0-40W the ras-distributed between pixels because of the instrument’s po
olution was, at best, 516 km/pixel). Often, NIMS has taken paispread function (Carlsogt al. 1992). Because major hot spot
of observations close together in time, one covering lo’s daysidee typically separated by less than 500 km, the hot spot detec
and the other lo’s nightside, to permit use of a more sensitimgethods used here are much less effective at 500 km/pixel t
gain state for the nightside. Most observation modes return la&-250 km/pixel.
tween 102 and 408 wavelengths. A small number of NIMS lo All temperature—area calculations done so far show that |
observations taken during the first few orbits returned fewer thhnt spots are subpixel at NIMS spatial resolutions. Pixel-k
102 wavelengths, and are harder to interpret. The high radiatjgirel thermal maps using the method explained by Smy
environment near Jupiter causes noise spikes to be introdueedl. (1997, 1999) will clarify the existence of hot spots i
in the data, which must be removed before data analysis. Tthe two categories above. The hot spot detections given in
higher the number of wavelengths returned, the easier it isgaper should, therefore, be considered as the minimum nun
identify and remove the radiation-induced noise. of hot spots detectable from NIMS data. In terms of power o
The Galileo SSI instrument has been described by Beltpant measured from NIMS nightside data (Lopes-Gatgtesl.
etal.(1992) and by Klaasegt al.(1997). McEweret al.(1998a) 1999), the majority of hot spots detected fall in the rangé i
summarized observations taken during the first 10 orbits D& W.
Galileo and the major results from the observing campaign. OfThe positions of hot spots observed by NIMS in orbits C
particular interest to this paper are SSl's eclipse observatiottgough C10 are listed in Table I. Also listed in Table | ar
taken when lo is in Jupiter’s shadow. Long-exposure images &depositions of hot spots and plume sites detected from S
taken to search for high-temperature hot spots and diffuse atlipse data; (ii) positions of hot spots detected by Voyager IF
mospheric/plume glows. Use of SSI's clear (CLR) angrh- and from groundbased observations and their possible corr
(1MC) filters on the same observation allows hot spot tempet&sn with NIMS and SSI hot spots; and (iii) positions and types
tures to be estimated (McEwex al. 1998b). Eclipse observa- features on the surface that we infer to be the sources of the t
tions were obtained by SSlin orbits G1, E4, E6, G7,G8, C9, Clhal emission detected by NIMS, SSI, IRIS, and groundbased
and E11. servations. The hot spot latitudes and longitudes obtained fi
NIMS data were determined from the highest spatial resolut
3. DETECTION OF HOT SPOTS observations available for each region. The coordinates are
central coordinates of the NIMS pixels containing each hot s
The detection of hot spots by NIMS during the first fouErrors listed correspond to half a NIMS field of view (i.e., ha
Galileo orbits (G1, G2, C3, and E4) was discussed lifie pixel size). The corresponding positions derived from SSI |
Lopes-Gautieet al.(1997a). Here we update the previous studspot detections (McEweet al. 1997, 1998a), when available
to include NIMS results from the Galileo orbits E6, G7, G8, C3@re more precise because of the higher spatial resolution of
and C10. camera. Errorsin latitude and longitude for SSI hot spot positic
The NIMS search for hot spots consists of a pixel-by-pixelre usually less thar® {McEwenet al. 1997). The positions of
analysis of each observation. A pixel is considered to contailcanic centers identified as the source areas for individual
a hot spot when the positive slope of the spectrum betwegpots were taken from SSI images that show these surface
3.5 and 5um is greater than that of all surrounding pixelstures in detail. In all cases, these features are located within
However, the pixels identified as hot spots in this search do retor limits of the positions derived from NIMS data. The vo
account for all of the thermal emission that NIMS detects froanic centers consist of calderas, flows, and/or plume depo
lo, as discussed by Lopes-Gautadral. (1997a). A pixel-by- and in every case show the presence of low-albedo material
pixelthermal map of a NIMS observation of 10’s nightside during A total of 37 hot spots have been detected by NIMS, inclu
the first orbit (Smytheet al. 1997) shows other NIMS pixels ing 22 that were not known from Voyager or groundbased m
that have significant thermal output based on their increasisgrements. Most of these hot spots were detected by NIMS
radiance from 3 to lum. These pixels are not listed as pixelshe anti-jovian hemisphere, which was observed by Voyage
containing hot spots in our search because they fall in one of theav spatial resolution. The anti-jovian hemisphere is also poo
categories. The firstis when the thermal signal is relatively weadfserved from the ground, but it is where the NIMS spatial re
thatis, the local maximum is less than 5% greater than that of thieition is highest, due to the configuration of Galileo’s orbit
surrounding pixels. This probably represents hot spots that &8I detected hot spots at 18 locations during orbits G1 thro
relatively small or cool, and further analysis and/or independe@f.0. This number is a minimum because (i) some bright pix
measurements are needed before they can be identified assken in SSI eclipse images have not yet been confirmed to be
spots. In the second category are the cases where a pixel hapas (Table 1) and (ii) the hot spots at three of these locatic
significant thermal signal between 3 ang#, but the outputis span multiple hot spots. For the purpose of this analysis,
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TABLE |
Active Volcanic Centers on lo: Detections of Plumes and Hot Spots by Galileo, Voyager, and Groundbased Observations
Volcanic Location of SsI Location Voyager RIS Ground-observed ~ Plume?  Surface Notes
center candidate hotspot Galileo NIMS hot spot? hot spot? V.6 Change?
surface feature
Nusku Patera 638, 7TW yes? no no
Mbali Patera 328,8W yes no no Red deposits
Karei Patera? 2N, 16 W yes? 9608A ? no no
Ukko Patera 32N, 20W 9508A 7 0o yes
Uta Patera 358,25 W yes? 9606C ? no no Very low albedo
Kanehekili-N&S 188,37TW 14.58,334W 124108,34+4W yes G yes
17.28,355W
Unnamed (N. Polar) 70+15N, 35+15SW 9610A 50 yes N. Polar changes scen by SSI, unclear
if location consistent with hot spot
detected from the ground
Janus Patera 38, 40W 45,39W 4458, 4245 W 9606A ? no o
Masubi 448,55wW v yes
Shamshu 108,63 W 10448, 674+4W o 10
Zal Patera 41N, 76 W 363N,76.lW  4317N,78+10W no yes Bright red deposits
Hi’iaka Patera 28, T9W 14458, 76+4W yes no yes
Gish Bar Patera 17N, 90 W 163N, 91 W 1644 N, 80+5W no no
Sigurd Patera 58,97TW 5448, 100+4W o o
Unnamed (S. Sigurd) 165,98 W 15438, 97+3W no no
Monan Patera 19N, 106 W 1943 N, 106+4 W no no
Altjirra Patera 358, 19W 33148, 10814W yes-same as Malik? no yes Bright red deposits
Amirani 25N, 116 W 232N, 1163 W  27+4N, 112+4W yes V,G yes Bright red deposits
Maui 20N, 122 W 1943 N, 12243 W yes-same as Amirani? v yes? Voyager plume obscures surface
Malik Patera 358,128 W 35438, 12743 W yes no no Bright red deposits
Unnamed (N. Polar) 65N, 141 W 652N, 132 W no o
Tupan Patera 185,141 W 1743 S, 14143 W no no Bright red deposits
Unnamed (9606W) 32N, 47TW 3616 N, 14746 W no yes Bright red deposits
Shamash Patera 348,153 W 33168, 15746 W yes-same as Malik? no no
Prometheus 28,154 W 1£3S,155+3wW V,G yes Bright red deposits
Culann Patera 198, 160 W 1843 S, 16343 W G? yes Bright red deposits
Zamama 18N, 173 W 189N, 172W 2143 N, 17343 W G yes Bright red deposits
Volund 23N, 176 W 2543 N, 17433 W yes v yes
Aidne Patera 18,177W 2438,17843W no yes
Fo Patera 40N, 192 W 40.1 N, 2008 W 3943 N, 19113 W no yes
Sethlaus Patera 528,194 W 50438, 19543 W no no Red deposits
Rata Patera 358,19wW 35438, 19943 W no no Red deposits
Lei-Kung Fluctus 36N, 203 W 3743 N, 20643 W no no Bright red deposits
Isum Patera-N&S 29N, 209 W 329N,2047W 3143 N, 20713 W yes 9510A? no no Bright red deposits
303N, 2068 W .
Marduk 275,200 W 27.15,209.1 W 26438, 21243 W yes v,6 yes Bright red deposits
Kurdalagon Patera 508,218W 47438, 21943 W no no Red deposits
Unnamed (9611A) 28,218W 2438S,21843W no no
Mulungu Patera 17N, 218 W 17.6N, 2168 W 1743 N, 21943 W 9510A 7 no no
Reiden Patera 138,236 W 12.58,2349W no no
Pilian Patera, and N&S 12 8, 244 W 998,2423W 13438,24413W G yes Major change in 1997
9.55,242.7TW
11.58,2422W
Pyerun Patera 558,252 W yes-same as Mithra? no no
Pele 18 8,256 W 18 8,256 W 204+38,25543W yes v,G yes Large, bright red deposits
Shakura Patera 24 N, 267 W yes-same as Daedalus? no no Very low albedo
Mithra Patera 598,26TW yes-same as Pyerun? no no Red deposits
Svarog Patera 48 S, 268 W 53.98,270 W 424585,2694+5W yes no no
Babbar Patera 398,273 W 37148,283+8W yes no no
Daedalus Patera 19N, 275W 1843 N,273+3W yes no yes Red deposits
Viracocha Patera 628, 282 W yes no no
Ulgen Patera 408, 288 W "merged” with Babbar? yes no no Very low albedo
Sengen Patera? 328,304 W 95061 ? no yes
Amaterasu Patera 38N,307W 4044 N, 309+4W yes no yes Especially low albedo (usually)
Loki Patera 13 N,309 W 10.8 N, 310.5 W 947N, 309+7W yes yes v yes
Aten Patera 48 8,311 W yes no yes Pele-type plume deposits,
reddish
Mazda Catena 885,314W yes no no Red deposits
Nemea 80S,320wW yes no no
Ra Patera 88,325W G yes Major brightening observed by HST
in 1994 [Spencer 1987b]
Fuchi Patera 29N,328W maybe 9606G ? no no Red deposits
Acala Fluctus 11 N, 336 W 10.7N, 333.2W yes G yes
Surt 46 N, 338 W 9606E ? no yes Pele-type plume deposits,
reddish
Creidne Patera 538,344 W yes no yes
Tiermes Patera? 23N, 351 W 9507A? no no
Euboea Fluctus? 458, 352 W 9606F ? no yes Pele-type plume deposits, bright
red
Fjorgynn Fluctus 12N, 358 W 9606D ? no yes

have treated the following multiple hot spot complexes as singiée components seen by SSl in the NIMS observations. Treatin
volcanic centers: Kanehekili N&S, Isum N&S, and Pillan N&Sthese as single volcanic centers simplifies the analysis. A tote
The reason is that most of the monitoring observations are frah14 hot spots were detected by both NIMS and SSI, often ir
NIMS, and so far it has not been possible to resolve the multbservations taken during different orbits.
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TABLE 1l
Identifications of Possibly Active Volcanic Centers
Volcanic Location of SSI Ground-observed  Plume? Surface Notes
center candidate hotspot? hot spot? Change?
surface feature
Ruwa Patera IN,3W 14N, 12W no no Faint bright spot in SSI G8 eclipse image
Unnamed 153N,47W 9606D ? no no Faint bright spot in SSI G8 eclipse image
Unnamed 28, 13w no no Faint bright spot in SSI G8 eclipse image
Unnamed 115N, 133 W no no
Unnamed 52N,24.1W no no Faint bright spot in SSI G8 eclipse image
Unnamed 10§, 14 W 9606C ? no no Faint bright spot in SSI G8 eclipse image
Unnamed 6S,19W no no Faint bright spot in SSI G8 eclipse image
Unnamed 1N, 21W no no Faint bright spot in SSI G8 eclipse image
Unnamed 185,23wW no no Faint bright spot in SSI G8 eclipse image
Unnamed 9S,27TW no no Faint bright spot in SSI G8 eclipse image
Unnamed 13.15,228W 9606C ? no no Faint bright spot in SSI G8 eclipse image
Unnamed 16.58,279W 9606C ? no no Faint bright spot in SSI G8 eclipse image
Unnamed (NE of Hi’iaka) 3N, 76 W 3.8N,76.1 W no no
"Poliahu" no yes no no Reported at 22 + 5 S, 79 1+ 5 W by Goguen et al. [1988]
Catha Patera 538, 100w no no yes
Arusha Patera 38s,101W no 9503A ? no yes
Unnamed 42N, 134 W no no yes Reddish materials
Unnamed 31N, 146 W no no yes Large region of red deposits, coordinates are of center
Unnamed 21N, 151W no no yes
Unnamed 28.5 N, 189.4W no no
Unnamed 388,291 W no no no Low albedo and bright red materials
Huo Shen Patera 158,330 W no no no HST changes [Spencer et al. 1997] not confirmed by SSI
Unnamed 17.1 N, 3329W no no
Unnamed 28,352W no no Faint bright spot in SSI G8 eclipse image
Unnamed 48N, 356.1W no no

Lack of detection of an SSI hot spot by NIMS is most likelyii) faint glow in an SSl eclipse image, which suggests aregior
due to the 50 times lower spatial resolution of NIMS or elsdegassing or a faint hot spot, (iii) presence of reddish mater
the temporal variability of some hot spots. An example of thiat are thought to be indicative of recent activity, (iv) possik
latter is probably the Reiden hot spot detected by SSI durimdentification of a hot spot detected by groundbased obsel
orbit G1. NIMS did not observe the Reiden Patera region duriigns, or (v) possible identification of a site where chang
G1. However, observations in several other orbits, at resolutiomsre reported by observations from the Hubble Space Telesc
down to 122 km/pixel, have failed to detect this hot spot, bSpenceet al. 1997b).
have detected all others shown in the same SSI G1 image. Sinc€éhe identification of volcanic centers on the surface cor
Reiden has not been observed as a hot spot by SSl in later orlsfgnding to hot spots detected by groundbased observation:
it is likely that the activity there either stopped after the Ghe problematic because of the large uncertainties associated
observation by SSI or waned to levels below the sensitivity tiie positions of hot spots in these observations. Table Ill i
eitherinstrument. Alternatively, the SSI hot spot could have beehservations by Spencet al. (1997a) during 1996 and 1997
spurious, although itis unlikely that noise would mimic the sameith possible identifications based on data from Voyager &
shape as the smear ellipse. Galileo. Surface locations for two outbursts observed on

Lack of detection of a NIMS hot spot by SSI is most likelypetween Voyager and Galileo (summarized by Spencer
due to the lack of a significant high temperature componeithneider 1996) have been obtained. An outburst observe
(above 700 K), and hence of significant energy ati. These November 6, 1979 (Sinton 1980) has a location consistent v
“cooler” hot spots include Hi'iaka, which was discovered fronsurt, while an outburst detected on September 1, 1990 (Bla
groundbased observations (Speratal. 1997a) and Malik, first et al. 1995) was most likely from Loki. Other reported outburs
seen as a hot spot by NIMS in orbit G1. have locations that are too uncertain for identification to be

A total of 61 active volcanic centers are listed in Table I, plugmpted, although Kanehekili would be consistent as the
two others that are hot spots identified from IRIS data, but hawé outbursts detected in 1986 and 1989 (Johnsbal. 1988,
uncertainties large enough that more than one candidate sitéégderet al. 1994).
listed (Mithra or Pyerun and Shakura or Daedalus). Table Il
lists an additional 25 sites that we consider likely to be active 4. DISTRIBUTION OF HOT SPOTS ON THE SURFACE
volcanic centers, but have yet to be confirmed. The activity at
these sites is suggested by one or more of the following: (i) sur-The hot spots detected by NIMS and SSI, together with |
face changes detected by comparing SSI and Voyager imaggmts observed from the ground by Sperated. (1997a) during



248 LOPES-GAUTIER ET AL.

TABLE Il

1995 and 1996 Observations of Hot Spots by Spencer et al. (1997a)
NAME FIRST SEEN LAST SEEN LATITUDE LONGITUDE COMMENTS AND POSSIBLE IDENTIFICATION (SURFACE FEATURES)
9503A 95/02/28 95/09/08 45+ 78 98 +7TW Outburst, Arusha Patera
9503B 95/03/16 95/04/24 ? 0+20W Bright event, position too uncertain for identification, but possibly Surt or same as 9507A
9507A 95/07/10 95/10/04 22+ 5N 351+5wW Bright event, Tiermes Patera
9508A 95/07/27 95/10/04 32+8N 20+5wW Bright event, Ukko Patera
Loki 95/08/19 96/02/06 13+3N 309+3W Bright event, Loki Patera
9509A 95/09/04 96/10/04 45+ 458 T1+45W Outburst, position too uncertain for identification
9510A 95/09/03 96/06/03 25+ 15N 220+ 15W Bright event, Isum or Mulungu Patera
9606A 96/06/02 96/06/02 8 +108 41 + 4W Janus Patera
Kanehekili 96/06/02 96/06/02 11+8S8 34 +4W Kanehekili
9606C 96/06/02 96/06/02 25+ 128 2+12W SSI hot spot at (13S, 25W), or unnamed features at (10S, 14W) or (16S, 30W), or Uta Patera
9606D 96/06/02 96/06/02 19+ 10N 3+5wW SSI hot spot at (16N, 6W) or Fjorgynn Fluctus
9606E 96/06/02 96/06/02 50+ 4N 332+ 6W Surt
9606F 96/06/02 96/06/02 39+ 128 350 + 12W Euboea Fluctus
9606G 96/06/02 96/06/02 20+ 12N 326 + 6 W Fuchi Patera
9606H 96/06/02 96/06/02 0+ 30 316 £t 6 W Position too uncertain for identification
Loki 96/06/02 96/06/02 11+5N 307+4W Loki Patera
9606) 96/06/02 96/06/02 36+88S 307+6W Sengen Patera
9606K 96/06/02 96/06/02 304+ 208 300+ 6 W Position too uncertain for identification
9608A 96/08/23 96/09/15 2+ 10N 16 +3W Bright event, Karei Patera
9610A 96/10/01 96/10/08 70+ 15N 35+£15W Bright event, N. Polar region
Loki 97/02/20 - 13+3N 39+3W Bright event, Loki Patera
9706A 97/05/31 97/06/14 ? 345 + 9OW Bright event, position too uncertain for identification

Note The hot spots which wereotdetected by either NIMS or SSI are 9503A (Arusha?), 9507A (Tiermes?), 9508A (Ukko?), 9606E (Surt?), 9606F (Euboe
9606J (Sengen?), and 9610A (N, Polar region). SSI may have seen hot spots 9606G (Fuchi?) and 9608A (Karei?), but detection is still uncertzmsTdfe pos
hot spots 9503B, 9509A, 9606H, 9606K, and 9706A are too uncertain for correlation with Galileo or Voyager data to be possible. Other hot spotspmag corr
to those detected by Galileo or Voyager, though in some cases the position is too uncertain for a definite identification to be made.

1995 and 1996, are shown superimposed on a global mosaidighted in the histograms in Fig. 2. This agrees with McEwen’s
SSlimages of lo (Fig. 1). The “Galileo-era” view of the distribu{1995) earlier study from Voyager data. Caral.(1998) plotted
tion of hot spots on lo can be compared with the “Voyager-er#tie distribution of calderas and other surface features interprete
view, on which hot spots detected from IRIS data are plotteds volcanic centers and also concluded that the large-scale di
It is clear that many more hot spots are present on o than weabution was uniform, except for an apparently somewhat lower
known from analysis of the limited-coverage Voyager IRIS datdgensity at high latitudes. We note from Fig. 2 that there is an ap
which revealed 22 hot spots over about 30% of lo’s surfagearently lower concentration of active volcanic centers betweel
We note that Galileo has not detected activity at 10 of theksitudes 20 Sand 30 S, and 0to 10 N, butthe presentdata are n
22 hot spots (Nusku, Mbali, Uta, Pyerun/Mithra, Viracochaufficient to establish whether these departures from an uniforr
Ulgen, Aten, Mazda, Nemea, and Creidne). SSI detected surfaéstribution are significant.
changes at Aten and Creidne, perhaps due to activity occurringA factor that needs to be taken into account when consid
between Voyager and Galileo observations. The hot spot Ulgering the Galileo data is the spacecraft viewing geometry. Ho
may have been detected by NIMS, but even in the current higgpots at latitudes over 4%re viewed by Galileo at lower spa-
est resolution observations by NIMS, the pixel size is still totial resolutions than the equatorial regions and are therefor
large to enable us to confidently distinguish it from the Babbéikely to be harder to detect (the subspacecraft point of all NIMS
hot spot. observations and SSI eclipse observations is near the equato
The locations of active volcanic centers listed in Table | can the addition to lower resolution, there is the possible effect of to-
used to search for possible correlations with latitude, longitudsgraphy. For example, a lava lake in a caldera will be increas
or topography, which may have important implications for thimgly obscured by the caldera wall at higher emission angles
mechanism of heat dissipation on lo. The active volcanic cefhe obscuration will depend on the depth and the diameter o
ters used for the following analysis are from Table I. Since twibe caldera, and the emission angle. A more subtle topographi
Voyager hot spots had uncertain identifications (Shakureffect involves molten material at the bottom of incandescen
Daedalus and Mithra/Pyerun), we have included both possilglacks. Hot spots surrounded by extensive hot lava flows, o
ities in our analysis. Daedalus is known to be a hot spot froemupting high fire fountains, could be detected at higher emis
Galileo data, but Shakura and either Mithra or Pyerun may b®n angles.
spurious data points. In many NIMS observations, we have noticed that hot spots
can be detected near lo’s limb, indicating that the effect of view-
ing geometry (emission angle) may not be substantial. The emis
sion angle for each pixel is defined as the angle between the ol
The distribution of active volcanic centers (from Table Iserver (spacecraft) and the normal to a planitodetic surface. W
shows no obvious correlation with latitude or longitude, as iftave examined the viewing geometry effectin Fig. 3, where dat:

4.1. Distribution with Latitude and Longitude
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from five NIMS observations (between orbits G2 and E4) weraay exist near the anti-jovian point that are simply too small
plotted. These observations were all taken at spatial resoluti@mea to be identified with the available measurements.
from 122 to 350 km/pixel. They were all taken in reflected sun- o ) ) i
light, therefore we have estimated the.& flux for individual 4.2.. Dlstnbu.tlon of Active Volcanic Centers and Relation |
hot spots by subtracting the/sm flux of a nearby “cold” pixel.  1idal Heating Models
While this is a crude method to obtain the flux for hot spots, Hot spots are manifestations of 1o’s mechanism of interr
because of possible differences in albedo between the hot dpediting and heat transfer. Most of lo’s heat flow is radiat
and the “cold” pixel (which may still contain a small amountt wavelengths longer than 10m (e.g., Veedeet al. 1994),
of thermal energy), it is satisfactory for assessing the effect loéyond the range of what NIMS and SSI can observe. Howe
emission angle (and thus viewing geometry) on the brightnes® distribution of hot spots on the surface seen by the two
of hot spots in general. The effect of emission angle is partsruments is useful for constraining models of internal heatil
illustrated by the changes in the flux of Prometheus and Pdliewe assume that these hot spots represent the major pathv
though some temporal variation in the flux may also have oof magmato lo’s surface, then they would reflect the distributi
curred. While emission angle clearly has an effect, Fig. 3 alsbthe total heat flow.
illustrates that the hot spots detected by NIMS are sufficiently Two major models have been proposed for the dissipatior
bright that they can still be detected at high emission angld&lal heating in lo. Both models assume that convection is |
There is no clear correlation between the number of hot spotgin mode of heat transfer within lo, but differ on where tt
detected by NIMS and emission angle. tidal heating predominantly occurs (Segatzal. 1988, Ross
We consider that it is unlikely that there is a large numbet al. 1990, Gaskelkt al. 1988). If heating occurs mainly in
of hot spots undetected by NIMS at high latituddgompara- an asthenosphere about 100 km thick, convection should o«
ble brightnesdo the hot spots shown in Fig. 3. However, thglobally, with centers of upwelling and downwelling separat
detection of the hottest material by both NIMS and SSl is proby a few hundred kilometers. In the second model, tidal heat
ably more sensitive to the effect of small-scale topography (andcurs in the deep mantle and results in larger-scale con
hence emission angle). The hottest material is more likely to ben, perhaps with a relatively small number of mantle plum
located inside cracks rather than on the flow surface, and thasced widely apart. The deep mantle model predicts gre
be obscured at high emission angles. heat dissipation (and higher concentration of hot spots) tow
The distribution of active volcanic centers with longitude¢he poles. It is likely that some tidal heating does occur both
(Fig. 2) also appears uniform when all the hot spot detectiotiee deep mantle and in the asthenosphere; thus a combine
by the different instruments are combined. NIMS observation$the two models, such as thg2asthenosphere andldmantle
have higher spatial resolution on the anti-jovian hemispheteating model (Rosst al.1990, Schube#tal.1998), may be the
and this is reflected in the relatively low number of hot spotmost realistic scenario. In this paper, we consider only the t
detected between longitudes of about 320 W and 30 W. SSid-member models, as the difference in the heat flow patterr
imaged these longitudes in eclipse several times during tie surface predicted by these two models is the most pronour
Galileo tour (McEweret al.1998a), and Voyager IRIS obtainedand may be reflected in the distribution of volcanic centers.
more complete coverage on the Jupiter-facing hemisphereAn earlier attempt to use spacecraft data to distinguish |
which is also the preferred hemisphere for groundbased obgereen these models was made by Gasé&ehl. (1988), using
vations. The complementary coverage of NIMS, SSI, and IRt8e shape and large-scale topography of lo determined ft
gives us confidence that we have areasonable sample of the nMoyager 1 images. They proposed that the broad topograj
ber of hot spots present at all longitudes. It is, however, possilsiells suggested in the global topography could be due to |
that additional hot spots with temperatures below the SSI limit efatic responses to thermal changes in the lithosphere-asth
700 K are present on the Jupiter-facing hemisphere, and havespiere system. In the simplest picture, increasing the heat 1
been detected by NIMS due to poor spatial resolution at thosenverts the basal lithosphere into lower density asthenosph
longitudes. A possible departure from the apparently uniformasulting in isostatic uplift. In this scenario, the global patte
distribution in longitude may be implied by the detection by SSif basins and swells would suggest that tidal dissipation occ
of a field of about 26 bright spots near the subjovian point (atostly in the asthenosphere. McEwen (1995) found no col
0° £ 15 latitude, 0 + 30° longitude, McEweret al. 1998a). It lation between Voyager-detected hot spots and topography,
is not clear from the current SSI images whether these are hogued that the distribution of $S@ich areas on the surface
spots, excited gases concentrated near vents, or both. McEwepported the asthenosphere model.
et al. (1998a) also reported a diffuse glow over this region, and We can use the combined Galileo, Voyager, and other datz
over a region of similar size near the anti-jovian point whichctive volcanic centers on lo (Table ) to reexamine the relat
may suggest that a similar field of bright spots is present thelbetween active volcanic centers and topography. The distri
NIMS has not detected a concentration of hot spots near tiwn of active volcanic centers from Table | is plotted on Gask
anti-jovian point, even though the spatial resolution of NIMS ist als topographic map in Fig. 4a. A plot of the number of a
highest on that hemisphere. We cannot rule out that hot vetit® volcanic centers relative to the map’s elevations and ar
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FIG. 2. Distribution of active volcanic centers (from Table I) with latitude
(above) and longitude (below). The dashed line represents the expected resun
for a uniform areal dlstrlbutllon of hot spots with latitude. The r_ugher number of FIG.3. Hot spots detected during five NIMS observations between ort
Voyager IRIS hot spots at high latitudes on the southern hemisphere than on(t;t}e . : .
northern reflects the aeometry of the Vovager fivb and E4. All observations were taken in reflected sunlight. ThenSfux

9 y yagertyby. for individual hot spots is estimated by subtracting ther-flux from a nearby

. fail h ianifi lati “cold” pixel. The flux is plotted against the emission angle for each hot sj
(Fig. 4b) fails to show any significant correlation between thﬁ order to assess the effect of viewing geometry. There is no clear correla

locations of active volcanic centers and topography. We nofiween number of hot spots detected and emission angle. The effect of emi
however, that the plot in Fig. 4b is skewed toward lower elevargle is partly illustrated by the changes in the-brightness of Prometheus
tions, implying a possible (but not statistically significant fron@nd Pele, though it is likely that actual changes in the flux also took place.
the available data) higher concentration of active volcanic cen-
ters at lower elevations. This is the opposite of what might libe spacing between major hot spots ranges from about 15C
expected from the isostatic uplift model. to about 700 km, with most hot spots being separated by ak
More recent results on lo’s topography from Thoneagl. 200-400 km. The distribution is therefore more consistent w
(1998), obtained from limb measurements made by Galileo S8ie asthenosphere model, in agreement with the conclusion
show some disagreement with Gasktkl.'s map. For example, McEwenet al. (1998a) and Caret al. (1998).
Thomaset al. (1998) did not confirm the pattern of longitudinal We can examine the overall spatial distribution of active v
swells inferred by Gaskeét al. (1988) and Rosst al. (1990), canic centers on the surface in relation to the predicted heat f
which was used to support the asthenosphere tidal dissipatiamface patterns of the two major models. According to Rc
model. It is clear that the relation between locations of actit al. (1990), “although heat transfer processes will ‘smear’ t
volcanic centers and topography needs to be reexamined oimterior heating distributions by the time the thermal energy ¢
improved global topography becomes available. pears at the surface, the signatures should be evident in the
The spatial separation between active volcanic centers nfage heat flow and the location of volcanoes and hot spots.”
help to differentiate between the asthenosphere and deep matuletest this prediction, in part, by plotting the distribution of a
models (McEweret al. 1998a). In the asthenosphere model, haive volcanic centers over the heat flow patterns (Fig. 5) predic
spots are expected to be uniformly distributed on the surfadwy, the two major models (from Ross$ al. 1990). While the lo-
separated at intervals of several hundred kilometers, perhaptions of the active volcanic centers do not appear to corre
with a preference for low latitudes. In the deep-mantle modetlell with the predicted heat flow patterns from either model,
the centers of upwelling are further apart, and we might expectsomore consistent with the asthenospheric model because o
find concentrations of hot spots in regions that would be widepparently uniform distribution of active volcanic centers wi
separated from one another. Our data from Table | shows thatgitude and latitude.

EMISSION ANGLE

FIG. 1. (Top) Distribution of hot spots on lo, shown on a global mosaic made from Galileo SSI images. Hot spots marked in dark blue were det
Galileo SSI and NIMS; hot spots marked in red were detected by groundbased telescopes. (Bottom) Distribution of hot spots detected by VoyaigeriRdS,
only a limited view of the surface of lo. The approximate coverage of Voyager IRIS observations is shown by the dashed lines (from Pearl and Sinton 1

FIG. 4. (a) Distribution of active volcanic centers (from Table 1) plotted on the topographic map from Gasktl(1988). The contours are in 0.5-km
intervals, from—2 km (darkest) to+-2 km (lightest). (b) Comparison of distribution of active volcanic centers and area with elevation. Dashed line: relatic
between area and elevation, from Gaskell. (1988). Solid line: distribution of active volcanic centers with elevation.
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FIG. 5. Plots of distribution of active volcanic centers (from Table 1) plotted over the heat flow patterns predicted kst Bb$$990). (a) Deep-mantle
model. (b) Asthenosphere model. Heat flow contours in watts per meter squared.

Although the global distribution and typical separations of acorrelated with total surface heat flow, these measurements me
tive volcanic centers on lo are consistent with the asthenosphprevide a stronger basis for discriminating between tidal dissi-
model, measurements of volcanic heat flow from individual hp@ation models than the distribution of active volcanic centers.
spots at a range of wavelengths are needed for more conclusive
evidence. Volcanic heat flow has been measured by NIMS in 5 cORRELATION BETWEEN ACTIVE VOLCANIC
the range 0.7 to 5.2m. Thermal maps made from NIMS night- CENTERS AND SURFACE FEATURES
side data, using the method of Smyt#tteal. (1997, 1999), will
be important for determining patterns of volcanic heat flow. To The location of enhanced thermal emission detected by botl
the extent that the volcanic heat flow at these wavelengthsN#VS and SSI can be correlated with features on the surfac
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FIG. 6. Surface features associated with active volcanic centers. Images of Loki, Amaterasu, Babbar, Mbali, Karei, Daedalus, Pele, Pillan, Creidr
and Euboea are from Voyager, others are from Galileo SSI. Scale is 2 km/pixel in all cases. All are simple cylindrical projection, clear filter images.
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imaged by SSI. Tables | and 1l show the correlation between & 5001 ® DAYSIDE
tive volcanic centers and features on the surface that we consi | ® cs @ NIGHTSIDE
to be candidate vent regions. The latitudes and longitudes giv 480 O BOTH
are approximately those of the center of the surface features. 1 400~
most common surface feature is a patera (usually a caldera),
other features include flucti (flows) and fissure-like features. 3501 @G
sample of surface features is shown in Fig. 6. 300 Qco

lo presents a variety of surface colors, which are describr ®c7
in detail by McEwenet al. (1998a) and Geissleast al. (1999). RESS%AL-[IJ#:E)NZE,O_
The relation between the active volcanic centers (Table ) al 200|- E6 ® Oc2
surface colors is shown in Fig. 7, a map of the four major colc
units on lo. Red and orange materials dominate the dark po 150 B4© Oc10
regions of lo and are found at lower latitudes in isolated brig} 100l Ocs
deposits; yellow and yellow—green materials, and white and gr
materials, are mostly found at low latitudes; and low-albedo m S0
terials occur mostly in many small spots marking the locatior 0 R R T T R R N
of active calderas (Geisslet al. 1999). SSI results (McEwen 0 2 4 6 8 10 12 14 16 18
etal.1998a, Geisslezt al.1999) have confirmed the suggestior NUMBER OF HOT SPOTS DETECTED

from Voyager observations (Pearl and Sinton 1982, McEwen . . )
1995) that hot spots are associated with low-albedo material FIQ. 8.' Plot shov_vmg NIMS spatial resolution of the closest gpproach C
p . ) %érvatlon in each orbit against the number of hot spots detected in each of t
Note that the map in Fig. 7 does not show all of the low-albed@servations.
features, since some are too small to be shown at the scale of the
map.
data. Thirty-nine percent of these hot spots have red deposit:
sociated with them (2%9). If red deposits are indeed the restL
of plume activity, this may possibly reflect a lower limit of hov
Red deposits are commonly associated with hot spots (Sperafeen plume and hot spot activity are associated.
et al. 1997b, McEweret al. 1998a, Geissleet al. 1999). Most Plume activity is perhaps only found at hot spots, but t
regions that present red materials have been identified as feerse is probably not true. Plumes have not been detecte
spots or regions of surface changes (Geisslexl. 1999). The most hot spots, though they could occur sporadically. Long ti
red deposits may be fallout from plumes, possibly fine dropletgtervals between plume activity, or very short durations, wot
that were rapidly quenched, as discussed by Moses and Nastke detection difficult. There are only two known plume sit
(1991). They appear to fade with time and their spectral proghere hot spots have so far not been detected: Ra, obse
erties (as revealed by HST and Galileo SSI observations) émeSSI in G1, and Masubi, observed by Voyager. The lack
consistent with metastable short-chaify §, molecules mixed detection of a hot spot at Masubi by Voyager may well ha
with elemental sulfur or other sulfurous materials (see summargen due to the very poor resolution of IRIS at that location. |
by Spencert al. 1997b). NIMS observations obtained up tdo orbit C10, no plume or hot spot had been detected at Mas
now cannot spatially resolve the red deposits except for thdsg Galileo, though more recent results indicate the presenc
in the ring surrounding Pele. Carlsehal. (1997) reported the a hot spot and new plume deposit at Masubi. No hot spot |
presence of a 1.2mm absorption feature, which may be due tdbeen detected at Ra by either NIMS or SSl, even though b
iron-containing minerals, nearly everywhere on lo’s surface, binistruments have viewed the location in several observation
not on the red ring surrounding Pele. Carlssral. suggested different geometries. The lack of detection of a hot spot cot
that the red deposits, which may be sulfur from plume falloube due to temporal variability, to relatively cool temperatur
could be covering the iron-containing deposits on the surfacanaking it unlikely to be detected by SSI, and to the poor spa
The inventory of hot spots and plume sites presented ri@solution of NIMS at the longitude of Ra (325 W). Red depos
Table | allows us to further investigate the correlation betweeme not seen by Galileo SSI at either Masubi or Ra.
red materials, hot spots, and plume sites. In Table |, we haveHow well do plumes and red deposits correlate? Plumes h
identified 59 hot spots from Voyager, Galileo, and groundbasedly been observed by SSI at 5 (6, if we include the margi

5.1. Red Deposits

FIG.7. Active volcanic centers (from Table I) plotted on map of lo’s major color units (from Geiss#r1998). Black corresponds to low-albedo areas, da
gray to red/orange areas, light gray to yellow/green areas, and white to white/light gray areas. The imaging data used to make these maps lsaVetjooore
(and positional errors) in the subjovian hemisphere, centered ton@itude. This uncertainty is probably responsible for hot spots betwean®60 being
consistently to the left of low-albedo areas.
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TABLE IV
Detection of Activity at 10’s Hot Spots by Galileo
Hot spot Voyager Ground Gl G1 G2 C3 E4 E4 E6 E6 G7 G7 G8 G8 Cc9 Cc9 C10 C10
based? SSI NIMS NIMS NIMS SSI NIMS SSI NIMS SSI NMS SSI NIMS SSI NIMS  SSI NIMS

Kanehekili yes yes yes yes yes yes yes yes
Janus yes yes yes yes no yes no yes yes
Shamshu no no no no no no no no no yes
Zal yes no no no yes  no yes no yes no yes
Hi’iaka yes yes no yes no no yes no yes yes no yes
Gish Bar yes no yes yes no no no no no no no yes
Sigurd yes no yes no no no no no no yes no yes
S. Sigurd no no no no no no no no no no no yes
Monan yes yes yes no no no no no no no no yes
Altjirra ? yes no yes no yes no no no no yes no yes
Amirani yes yes yes yes no yes no yes yes yes yes yes yes
Maui ? yes yes yes no ? no ? no ? ? no ?
Malik yes yes yes yes yes no no yes yes no yes
N. Polar no no no no yes no no no no no
Tupan yes yes yes yes no no no yes no yes
9606W no yes no yes no no no no no no no ?
Shamash ? no yes no no no no no no yes no yes
Prometheus no yes yes yes yes yes no no yes no yes
Culann no yes yes yes no no no yes yes no yes
Zamama yes  yes yes yes yes no no no no no yes
Volund yes no ? ? yes ? no no no no no yes
Aidne no yes yes yes yes no no no no no yes
Fo yes 1o yes no yes no no no no no no
Sethalus no no yes yes yes no no no no no yes
Rata no no yes yes yes no no o no no no
Lei-Kung no no yes no no no no no no no no
Isum-N,S yes ? yes yes yes yes no yes yes yes no yes no yes
Marduk yes yes yes yes yes no yes yes yes yes yes no yes
Kurdalagon no no yes yes no yes no no 10 no no no
9611A no no yes yes no yes no no no no no no
Mulungu ? yes yes yes yes no yes yes yes no yes no yes
Reiden yes no no no no no no no no no no no
Pillan no yes yes yes no yes yes yes yes yes yes yes
Pele yes yes yes yes yes yes yes yes yes yes yes yes yes
Svarog yes no no no no no no yes ? yes no no no
Babbar yes no yes yes yes no yes yes yes no yes no no
Daedalus yes no no no yes no yes no no o no no no
Amaterasu yes no ? no ? no yes yes yes no ? no ?
Loki yes yes no yes no yes yes yes yes yes no yes no yes
Acala yes no no no no yes no no no

Note.Blank= no observation by Galileo,=2 possible detection by Voyager or by NIMS. The marginal detection of Karei by SSl is not included.

identification of a plume at Culann) of the 23 hot spots associateltinge at Tohil during the Galileo mission. Voyager IRIS also
with red deposits (22 or 26%), but this is a higher occurrence thdia not detect a hot spot at Tohil, but this could easily be due tc
plumes observed by Galileo at hot spots not associated with tad poor spatial resolution of IRIS over this hemisphere. NIMS
deposits (3 plumes detected at 36 hot spots, or 8%). We do hat observed this region at least once per orbit (except orb
include Voyager-observed plumes because red deposits cari), detecting hot spots at regions nearby (such as Shamash a
be identified reliably from Voyager ISS data (Geissitral. Culann) but not at Tohil. While it cannot be ruled out that Tohil
1999). While it can be argued that red deposits are the redala faint hot spot below the resolution limit of both NIMS and
of plume activity, and that plumes were at one time present®8l, it can safely be said that Tohil has not had activity at a
the active volcanic centers now showing red deposits, it is cleaymparable level to that of other hot spots in the region since
that at least a few plumes have not produced red deposits. Briatlileo begun observing in June 1996. It has possibly not bee
white deposits surround some plumes sites and may be produaetive at all during this time. The lack of activity would imply
by plumes containing pure SODiffuse dark deposits found atthat the lifetime of the red deposits can be at least 18 months.
other sites may represent silicates in the plume.

Can we constrain the lifetime of red deposits using Galil . :
data? If we postulate that red deposits, plume activity, and ﬁ\%? White Deposits
spots are associated, we can use the Galileo NIMS and SSI datactive volcanic centers are generally anti-correlated with large
to further constrain the lifetime of the red deposits. One strikirayeas of bright white deposits. As Fig. 7 shows, the surface of Ic
example is Tohil Patera (at 26S, 158W), which is surrounded hys large regions that are predominantly white and mostly occu
red deposits. SSI has not detected a hot spot, plume, or surfagew latitudes. These regions were first seen on Voyager image
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TABLE V
Detection of Persistently Active Hot Spots (Orbits G1-C10)

Hot Spot Voyager? Ground? Galileo
N (Detected) N (Observed) Ratio

Pele Yes Yes 9 9 100%
Mulungu ? 9 9 100%
Marduk Yes 9 9 100%
Isum Yes ? 9 9 100%
Amirani Yes 8 8 100%
Hi’iaka Yes 6 6 100%
Kanehekili Yes 5 5 100%
Pillan 8 9 89%
Loki Yes Yes 7 8 88%
Malik Yes 7 8 88%
Prometheus plume only 7 8 88%
Janus Yes 5 6 83%
Zal 5 6 83%
Tupan 6 8 75%
Culann 6 8 5%
Altjirra ? 5 9 56%
Zamama 5 9 56%
Aidne 5 9 56%
Gish Bar 4 9 4%
Sigurd 4 9 4%
Monan 4 9 4%
Shamash ? 3 8 38%

Note.Activity at these 22 hot spots was detected on a timescale greater than 1 year. Lack of detection
at particular orbits may be the result of temporary waning of activity or observational constraints.

and interpreted by Smitét al. (1979) to be rich in S@frost or  ously, topography from SSI data has not confirmed the existe
ice. NIMS spectral mapping from an observation that includeaf these basins (Thomas al. 1998).
the bright white equatorial regions of Colchis Regio (centered
at about 210 W) and part of Bosphorus Regio (centered at about 6. HOT SPOT ACTIVITY
120 W) showed that these areas have extensive snowfieldsof SO
with larger particles£ 250 m in diameter) beneath smaller par- A summary of Galileo’s detections of hot spot activity i
ticles, while the pervasive covering of $€lsewhere has smallerdifferent orbits is given in Table IV. Lack of detection of a hc
characteristic grain sizes (Carlsenal. 1997). spot by SSI or NIMS does not necessarily mean that the
The identification of higher concentrations of S@ost in  spot was not active at the time of the observation, but rat
the bright white areas, which are anti-correlated with hot spothat the level of activity was below the detection limits for th
is consistent with these areas being colder than the surrouirdtruments. This could mean temperatures too low, or spa
ing regions where hot spots are located. Volcanic activigxtent too small, to be detectable by either instrument.
supplies S@, which condenses in regional cold traps that sus- Itis clear that the spatial resolution of NIMS observations is
tain SQ snowfields, as discussed by Fanateal. (1982) and strong factorin whether hot spots can be detected. Another fa
Kerton et al. (1996). A particularly good example of theis whether the observation is of lo’s dayside or nightside, as
anti-correlation between hot spots and bright white areassislar component masks faint hot spots. Figure 8 shows a plc
Bosphorus Regio. Lopes-Gautiet al. (1997a) presented athe highest resolution NIMS observation in each orbit agai
NIMS 5-um map from a nightside observation of Bosphoruthe number of hot spots detected in each of those observati
Regio. The map shows that pixels located in the center NIMS detected fewer hot spots in orbits G7 and G8, where 1
Bosphorus Regio (corresponding to the bright white area) hanange to lo was largest, than in other orbits, particularly C
no detectable thermal signal, while the pixels surroundirife closest approach to lo during the G1-C10 period. Theref
Bosphorus Regio show significant thermal signal and formtle gaps in hot spot detection by NIMS shown in Table IV m:
hot spot “ring of fire.” not reflect halts in activity, but activity below the detection at tt
While the anti-correlation between hot spots and cold SQIIMS spatial resolutions at each particular orbit. More hot sy
snowfields (bright white areas) is to be expected, it is not cleactivity may be detected when pixel-by-pixel thermal maps
why the bright white areas occur geographically where they ddIMS observation are completed.
Voyager data suggest that 5@ concentrated in equatorial to- The combination of NIMS, SSI, groundbased, and Voyac
pographic basins (McEwen 1995). However, as discussed praléta show that some hot spots appear to be persistently ac
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while the activity at other hot spots may consist of sporadic or Is there a correlation between persistency of hot spot ac

short-lived events. ity and plumes? We find that most of the known plumes tt
are associated with hot spots (excluding Ra and, for this at
6.1. Persistent Hot Spots ysis up to Galileo orbit C10, Masubi) were observed at t

) i ) 0
Animportant and somewhat surprising result from the Galilenc}OSt persistent hot spots listed in Table V (9/12 or 75%). T

observations is that many of lo’s hot spots are active over p Igl pl\gme stl:]es\\;v hich do QOt cogwllde W'thMthe_hOt dSQ/OtlS
ods of time ranging from months to years. It was known fro avie v are the Voyager-observed piumes viaul and VoluT

groundbased observations that Loki is a persistently active ﬁ&d the Galileo-observed Acala. Of these, Acala is the only|

spot, and that a few others such as Kanehekili and Hi'iaka a0t thalt, upftotlorblttglo, V\;ﬂs r:gt obrs],erve(?ttof be aCtk')\./f ﬂ
often active. The Galileo observations show that numerous Otﬁlgpesg?()es Z.ate‘;ﬁ t'tmon Sl gug resu tS rtorr]n :)r 'St ;
hot spots on lo also fall into this category. Although the Iackcg an indicate that it may aiso be a persistent not Spot.

g ) 0 ) X
continuous temporal coverage introduces some uncertainty ggfs'ts are prominent at 50% of the persistent hot spots liste

whether these hot spots were active between consecutive de (;Y istent. the level of activity at the hot spots in Tabl
tions, the Galileo observations show that the activity at these hot e persistent, tne level ot aclivity at tne hot Spatsin fable

spots either was continuous (a single eruption) or consisted’ A V?ré/ E'gﬂ'ﬁ'\;gﬂgy frobm Orb'tt ;/Cl) ﬁibt' 'kr.he rzaéf.)lz Ch&"\;:gf.
frequent, intermittent events. etected by ave been at Mali, Lok, and Fillan. Mal

. . . . ightened between orbits G1 and G2, indicating an incre:
The hot spot detections by Galileo are listed in Table IV. FoP 'Y ’ Ating
P y &Itemperature of at least 400 K (Lopes-Gaugerl. 1997b).

each hot spot, we list whether they were observed by eithel . . /
NIMS or SSl in any given orbit from G1 through C10, whethe ||ilan brightened between orbits G7 and 99’ accompanled
Qa appearance of a plume and a dramatic change in sur

they were detected by either instrument, and whether they r’f .
been previously detected by Voyager or groundbased obseygpearance observed by SSI (McEvetral. 1998a). The Loki

tions. We do not include the following active volcanic centerjg:'grtigg? b?tween E6 ;‘Sd Gd7 v;as flrstt_ repo_:_tre]:d SY ﬁfen_
in this temporal analysis: hot spots not detected by Galile%,a'[ al rom groundbased observations. 1he brighten
as clearly seeninacomparison between NIMS images from

plume activity, and the marginal detection of Karei by sstV . .,
The total number of hot spots considered in Table 1V is thergpd G7 (Fig. 9). In G7, NIMS observed Lok in darkness. NIM

fore 40 ata taken on lo’s nightside were fitted to a Planck functi

We note that 8 hot spots were active for periods of time rang- yield_ a best-fit blackbody _temperature for the spectra fre
ing from 3 months to 1 year. These hot spots are Maui, 9606 ch pixel (see L_opes-Gautlet al. 1997a and Daviest al. )
Volund, Fo, Sethlaus, Rata, Kurdalagon, 9611A, Babbar, al 897 for a description of the method). The temperature &
Amaterasu. A total of 22 hot spots were active over timescal o8 2gta'.n3q wtgre comgared to thetgroundbased measurer
longer than 1 year. Table V shows how often these 22 hot spots® ), indicating good agreement.

were observed and detected by NIMS and SSI. For each ho essdramatic changesin activity were also observed by NI

spot, we give the percentage of the number of Galileo orb{'%r O‘heT hot s_pot_s (Lopes-Gautiet al. 1999), with some hot
in which it was detected out of the number of Galileo orbits iRP°' brightening in terms_ of power OU.J.[pUt (e.g., Tupan betw
which it was observed. Seven of the hot spots were detecte |ﬂ1 and C9) and some fading (e.g., Altjira ffom G.l t0E1I). It
100% of the orbits in which they were observed, showing th Pss'ble that thefe are overall trends of brightening and fad
at least at these locations activity was most likely continuo g allof lo's pgrsstent hot spots, and the§e may be revealec
Of these 7 hot spots, 5 were detected by Voyager in 1979 (P Harjther analysis of NIMS data from all orbits.

Marduk, Isum, Amirani, and the Prometheus plume). Hi'iak 2. Sporadic Events

Kanehekili, and possibly Mulungu were detected from ground-""
based observations in the years between Voyager and Galileo. ot spots that were detected less often than those in the pe
is likely that activity at these hot spots (and possibly others nt&nt categorynayrepresent sites of sporadic, short-lived even
observed by Voyager IRIS) has persisted over several years, aftérnatively, these hot spots may also be persistently act
perhaps some of them have been continuously active during b their activity may normally be at lower levels than can |
17 years between Voyager and Galileo. detected by the majority of our observations. We have found n

FIG. 9. The brightening of Loki during 1997 observed by NIMS during Galileo orbits E6 and G7. Loki is seen in daylight in E6, and near the termir
G7. Both maps are at 2.9564n. In E6, the signal from Loki at this wavelength is not significantly above the background, though the signal at wavelengths
than 3.5um is. After the brightening, Loki can be seen clearly above the background in the 2.986dap from the G7 observation.

FIG.11. Locations of hot spots plotted over the heat flow patterns predicted by the asthenosphere moalgRB380). Persistent hot spots (filled orang
circles) and active plumes (blue circles) are marked. Contours are in watts per meter squared. All persistent hot spots and active plumes #teridbatec
1-W m~2 regions and all are located at latitudes lower thah 50
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T T T T T T T T T T T The 9503A event was an outburst and the hot spot persiste
- > © © oW woo O for several months. Outbursts are rare events (Spencer ar
;3 1001~ | i L Galileo N'I""Sa:c ¢i ' Schneider 1996) and should be considered separately from eith
> | | oo % i1 | long-lived or sporadic activity. For the purposes of this analysis,
% 80— | | oo fi i 1] we do notinclude 9503A as a sporadic event since it was ob
§ B . | oo ¢ ' 1 | served more than once by Speneeal. (1997a) over a period
£ oF i .1 1 . 1 11 17 ofseveral months. The 9507A and 9508A events were also ok
5 [ 4 | b o T served more than once from the ground, and 9608A is possibl
5 40 ¢ ! ' 1 1 . ! ' 17 thesame hotspotas9508A. We consider the other five hot spo
s T L e .11 . 1 11 s (9606E, 9606F, 9606G, 9606J, 9610A) to be possible sporadi
3 2|, e LT ke 1 events.
oL |§ L T E\ |M:# | ;1» ‘;‘Fi‘éf";’t gls ‘i | §|: The hot spots 9606E, -F, -G, and -J were observed on June .

Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun 1996. NIMS ar_1d SSI observed lo on June 28 and 29, but the
1995 1996 1997 observations did not cover the longitudes of these hot spots. Th
first opportunity Galileo had to detect 9606E, -G, and -J was

FIG.10. Groundbased data by Speneeal.(diamonds) show the variation during a NIMS observation taken in orbit G2 on September 7,
in the 3.5um brightness of Loki from 1995 to 1997. NIMS observed Loki in1996_ The first Galileo observation of the 9606F location was
darkqess c_iuring orbit G7 and a single-tempera_ture fit tg the NIMS data (sin%{ﬁ eclipse image taken by SSI during orbit E4 on December 17
asterisk) yieldsT = 500 K, area= 1539 kn?, consistent with the trend seen by : . .
the groundbased observations. during which the longitudes of 9606E, -F, and -G were also

observed. We can infer that the activity of 9606E, -G, and -J
hot spots observed by Galileo that are in this category. The alianed to levels below detection by NIMS and SSI in 3 months
served activity at these nine hot spots has lasted under 3 montirdess, while the activity at 9606F waned in 6 months or less
In the case of the Reiden hot spot that was only detected in Because of the lack of Galileo observations prior to June 2
first orbit, G1, there is uncertainty to the duration of the ad996, constraints on the total duration of activity at these hof
tive phase, because activity during the previous months was spbts cannot be obtained from Galileo data. Therefore, it is no
known. Similarly, the duration of activity for hot spots only de€lear that these are sporadic events according to our definitior
tected in C10 cannot be constrained until analysis of later orbiksowever, lack of detection by Galileo during subsequent orbits
These are the hot spot at (3N, 76W), Shamshu, and S. Sigurdnd by groundbased observations at any other time, implies th:

The five hot spots where activity may indeed have been shatiey may indeed have been short-lived.
lived are the SSl-detected hot spot at (65N, 141W), Lei-Kung, Only one hot spot, 9610A, was detected from the ground be
Svarog, Daedalus, and Acala. Svarog, Daedalus, and Acala wereen Galileo orbits. Limits on the duration of activity of this
detected by Voyager IRIS (and Acala was detected by Galilbot spot (at least at levels that can be detected by Galileo) can &
after orbit C10); therefore we know that activity at those sitesbtained by using the dates of the Galileo observations. 9610+
reoccurs over timescales of years, even if individual events avas observed from the ground on October 1, 1996. NIMS obser
short lived. It is likely that the single NIMS detection of Lei-vations covering the same longitude taken on June 28, 1996, ar
Kung reflects normally low levels of activity rather than shoron April 3, 1997, failed to show the hot spot, as did an SSI eclipse
duration, because Lei-Kung was detected only during the highbservation on December 17, 1996. The duration of the activ
est resolution observation by NIMS. Observations by NIMS # was therefore under 6 months. However, the high latitude o
equal or higher spatial resolution, planned during GEM, will be8610A (70+ 15) makes it somewhat less likely to be detected
ter constrain the nature of this hot spot. SSI observations of tban low latitude events. It is possible that the hot spot persiste
spots are likely to show more variation than those by NIMS, béor longer, but the activity detected by Spenegral. (1997a)
cause SSl detects only the hotter matesda?@0 K) from freshly may have corresponded to a phase when hypothesized high fi
emplaced lavas. This material is more temporally variable théountains were active, thus making the event possible to de
the lower temperature materials, from cooling lavas, which céect by observations which are essentially equatorial (Stansbert
be detected by NIMS. et al.1997).

While at most five of the Galileo-observed hot spots could be The fact that five possible sporadic events were detected b
characterized as sporadic events, several of the hot spots detegtedndbased observations, compared with the same number o
from the ground by Spencet al. (1997a) during the Galileo served by Galileo, stresses the importance of groundbased obs
monitoring phase (Table 1ll) appear to be short-lived eventgations to monitor lo’s activity. Telescopic sessions can observe
Galileo has not detected at least nine of these ground-obseri@fior much longer periods than Galileo. Galileo observations
hot spots (see Tables | and Ill). Three of these nine hot spai® only a few minutes long, and only a few are typically taken in
were observed by Spencetral. (1997a) prior to the start of the each Galileo orbit. It is clear that understanding the frequenc
main Galileo monitoring campaign on June 28, 1996, and sixmd magnitude of sporadic events is essential for our under
were observed during the Galileo campaign. standing of lo volcanism, and that can only be accomplished b
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frequent monitoring. Once the Galileo mission is over, grountielow the detection limits of the instruments. The contributi
based observations will be the primary remaining resource foirthese two types of activity to lo’s global volcanism has y
continuing to build our knowledge of the frequency of sporadio be assessed. Galileo data show that 5 hot spots may |

events. been sporadic, while groundbased observations reveal 5 o
hot spots that may also fall in this category.
7. SUMMARY, CONCLUSIONS, AND FUTURE WORK Itis possible that all hot spots on lo are long-lived, but activi

at the sporadic sites is normally at levels sufficiently low so tt
The comparison between Galileo NIMS and SSI data frothey cannot be detected by Galileo’s instruments. Since acti
nine Galileo orbits with those taken from groundbased telgt a hot spot may always be present at levels below detect
scopes and by Voyager IRIS has revealed new insights into Ié’'ds not practical to attempt to differentiate between the tv
global distribution of volcanism, the correlation of hot spots withategories of hot spots in termsauftual duration of all activity
surface features, and the temporal behavior of hot spots. Belo@wever, the two types of hot spots are clearly different in ter
we summarize our findings and discuss their implications.  of duration of the vigorous active phase that can be detec
by Galilea An important question is whether the persistent (
7.1. Hot Spots, Surface Features, and Surface Colors vigorous) and sporadic (short-lived or normally low-level) type
of activity imply different types of volcanoes on lo, perhaps

The comparison of hot spot locations with surface featur? rr'ﬁs of rate of magma supply, internal plumbing, or magr
has confirmed previous suggestions that hot spots are associg e I A '

. . osition. If so, morphological differences may be prese
with low-albedo features. We find that the most common typbe postt P g ! y bep

of surface feature associated with active volcanic centers i Ut these are hard to characterize at present because of the-
: . i ber of sporadic type hot spots known.
patera (usually a caldera), but others include flucti and fissure-

X . -~ An important question raised by the temporal behavior of t
like features. The size and morphology of surface features S%'%rts is since levels of activity at all hot spots can fall to leve

need t_o be Correlated with hot_spot type based on their tempq t cannot be detected by the currently available instrume
behavior (persistent or sporadic), and temperatures measure X many more active hot spots are there on 10? Would tF

ngfrzr;ilsgils. also supports previous conclusions that red gg_mberand distribution significantly change our currentresul
y PP P Although the hot spots in the persistent category are clez

posits are associated with active volcanic centers and are POsSl e likely to have been detected in the current data set thar
bly the fallout from plumes. Galileo monitoring can help con-

. e . . . spotsin the sporadic category, it is doubtful that we have detec
strain the lifetime of red deposits. At one site, Tohil Patera, fl b gory

. . ) . . of the persistent hot spots. Apart from constraints impos
volcan.lc activity has been detected by Galileo, implying that reby the relatively short duration of Galileo’s monitoring phas
deposits last for at least 18 months.

We find that hot spots are generally anti-correlated with brigﬁgd by the wavelength range of the instruments, there are

white d its. which are known to be regions of hiah servational constraints. The bulk of the Galileo monitoril
€ Jeposits, ch are Kno 0 be regions of Mgh COly, ey ations were carried out by NIMS, and NIMS observatic
centrations of S@frost and low temperatures. While the anti;

) . . had particularly low spatial resolution from longitudes 350W
correlation between hot spots and cold,SDowfields is ex- P y b 9

pected, and supports the regional cold-trap model of Faale 0—40W. Therefore, itis not surprising that no persistent hot sp

. 2 : were observed within those longitudes. It is thus possible th:
(1982), the geographical distribution of the snowfields has y S
to be explained. Galileo SSI results (Thomisal. 1998) do &Ieater number of hot spots in this category are present clos

not support the existence of equatorial basins suggested frtohe subjovian point.
PP q 99 rréporadic events are clearly less likely to be detected, eit

Voyager data (Gaskedt al. 1988, McEwen 1995), which were because of their short duration or because the activity is norm

interpreted from Voyager to be Sdich. Future work involving at low levels and only occasionally flares up. An important cc

global thermal maps from NIMS data and a global topographic . L )
map from SSI data will seek to clarify if the distribution of cold usion drawn from the temporal analysis is that these sporz

. . . ; events do occur on lo, and can go largely undetected becaus
bright white regions and local concentrations of hot spots rEflefFéquency of monitoring has been mostly on the scale of sev

:EiecE:etgls)ua“sogrggglstzgnahl?eg;? Flr;gg]il differences in CrUSt%llonths. The distribution of the sporadic hot spots is thereft
' ' largely unknown, asis their relative contribution to lo’s heat flo
The conclusions drawn from our current set of observations
based largely on the distribution of persistent-type hot spots
We find that lo’s hot spots can be persistently active over
t|mescalt_as of mon'Fhs to years. Our results show that 8 hot sp9t§ Global Distribution of Active Volcanic Centers
were active over timescales of 3 months to at least one year,
while the activity at 22 hot spots lasted for longer than one The combination of NIMS, SSI, groundbased, and Voyag
year, possibly much longer. Sporadic events also occur, and ni&yS data shows that there are at least 61 hot spots on lo, |
represent short-lived activity or activity that is mostly at level2 plume sites where no hot spot has yet been detected, an

7.2. Temporal Behavior of Hot Spots
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additional 25 probable active volcanic centers. It is important #5. Activity at Persistent Hot Spots
note that NIMS and SSi cannot detectrelatively low-temperature 5 ija s long-term monitoring of hot spots can reveal possi-

hot ts%ott; (bflom az.out. 2(:0 K) ftr:a,t r.na;y mallkﬁ atn ;{n_portagfe differences among persistent hot spots, and changes in the
contribution to the dissipation of o's internal heat. It IS NOte, gyg o activity, that are important for characterizing lo's pre-
however, unreasonable to assume that the heat flow distribut; inant eruption mechanisms

at lo’s surface may be proportional to the heat flow detecte SS| and NIMS are able to detect different phases (or possibl
by NIMS and SSI. Therefore, the hot spots detected by the ! P (or possibl

thfterent types) of hot spot activity. Both instruments are able to
instruments, plus those detected by Voyager and groundba fi ypes) P LY sy

. . o ct bright, high-temperature hot spots such as Pele and Pilla
observations, may well reflect the first-order, overall d'St”bUt'OPhese are sites of very vigorous activity where a hot componer
of heat flow on lo’s surface.

is being frequently exposed at the surface. High temperature

Our analysis shows that the distribution of active VOICanEr(easured at several of these hot spots, such as Pillan (McEwe

ce_nters (h.Ot spots plus iwo plumes Sites_) appears to be fa Yal. 1998b), imply that the magmas are ultramafic in compo-

Qition, possibly analogous to terrestrial komatiites. Our knowl-

ge of the eruption processes of komatiites is limited becaus
$hese eruptions rarely occurred on Earth since the Archean. Or
nportant consideration for modeling the emplacement of lave
ows on lo is that terrestrial komatiites are thought to have beel

with global topography (derived from Voyager data) has be
found, but this result will need to be reexamined when improv
models of topography become available. The distribution of

tive volcanic centers is not well correlated with predictions g

surface heat flow patterns derived from the asthenosphere aMblaced as turbulent flows (Huppettal. 1987, Huppert and

deep mantle tidal dissipation models (Segzital. 1988, Ross parks 1985). The majority of current lava flow emplacement

et al. 1990), though the typical separations between active v lodels are based on the behavior of laminar flow.

canic centers anq the apparent deficit of centers at high Iatitude§he longer wavelength range of NIMS compared to that of
are consistent with the asthenosphere model. SSl allows it to detect lower temperature hot spots. The “cooler’
hot spots detected only by NIMS (e.g., Hi'iaka and Sigurd) may
arlepresent a type or stage of activity in which a high-temperatur
component (above 700 K) is either small in area or absent. Thi
could be the case for a lava lake or flow that has a relatively

We can further examine how the distribution of active voleool crust over large parts of its area. Alternatively, it is possi-
canic centers may reflect internal heating mechanisms by takirlg that the magma being erupted at these hot spots is lower |
into account differences in temporal behavior (persistent verdesnperature, perhaps implying different composition. We expec
sporadic) of hot spots, and the presence or absence of pluntese able to clarify these possibilities by doing more detailed
Figure 11 shows the distribution of hot spots overlaid on the hesatalysis of the shorter wavelength data in the NIMS spectra
flow pattern predicted by the asthenosphere tidal heating mode&dy example, fitting two or three temperatures to NIMS spec-
with the locations of plumes and persistent hot spots highlightedh (e.g., McEweret al. 1998, Davieset al. 1999) can reveal
Itis clear that both plumes and persistent hot spots are conchigth-temperature components of individual hot spots, providec
trated toward lower latitudes. All persistent hot spots are locatdtk area is sufficiently large to be detected at NIMS spatial res
at latitudes lower than 50Qin regions where the predicted heablutions. Further measurements by SSI will also search for ho
flow on the surface is greater tha W n12. components at different times over the Galileo observing pe

This result provides added support for the asthenospheiad. If high temperatures consistent with ultramafic volcanism
model, because persistent hot spots are likely to represent dne widespread on lo, then the crust could be mafic. If high-
current major pathways of magma from lo’s interior to the sutemperature volcanism is relatively rare, then lo’s crust could be
face. The predominance of plumes near the equator (McEwmore evolved.
et al. 1998a) could reflect a correlation between plumes andSignificant variations in the level of activity of lo’s persistent
persistent hot spots. hot spots are known to occur. For example, dramatic variation:

Hot spots also differ from one another in terms of powen hot spot activity at Loki have been long known from ground-
output, and the effect of this factor on the global distribution dfased data. Future detailed analysis of Galileo’s numerous ot
hot spots is being examined by Smy#tal.(1999) using NIMS  servations of persistent hot spots may reveal brightening an
data. Preliminary results show that hot spots having the largestning patterns that may be indicative of temporal changes i
power output are also concentrated toward the equator. the rate of magma supply.

Our results, therefore, favor the asthenosphere tidal dissipatnderstanding the behavior of persistent-type hot spots, in
tion model over the deep-mantle model. However, this conclaluding their overall eruption rates, can give us insights into the
sion is based on the premise that the hot spots detectednbgchanisms involved in the transfer of magma from Io’s inte-
Galileo, groundbased instruments, and Voyager IRIS are rejor to the surface. It is known that long-lived eruptions on Earth
resentative of the global distribution of all hot spots on lo, incan last for decades (e.g., Simkin and Siebert 1994). Recel
cluding low-temperature thermal anomalies. examples for which the infrared signature is well documentec

7.4. Implication of Temporal Behavior of Hot Spots to Glob
Distribution and to lo’s Heat Flow
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include the 1983 to present eruption of Pu’'u O’o in Hawaiizarlson, R. W., P. R. Weissman, W. D. Smythe, J. C. Mahoney, and the NI
dominated by numerous lava flows (e.g., Flynn and Mouginis_Science and Engineering Teams 1992. Near infrared spectrometer experi
Mark 1992) and the 1984 to 1995 eruption from a dome within ©" Galileo.Space Sci. Re@0, 457-502.

the active crater of Lascar, Chile (Wooster and Rothery 109%7 2L 7% 5 SLimh CA a2 B e o i Team 1
Much Ionger timescales of VOICamC_aC“VIty are, k,nown on Earth, Mountain,s and caldera’s onlo: Possit’)Ie implications for lithosphere struct
up to the 2500 years of nearly continuous activity at Stromboli.ang magma generatiotzarus 135, 146-165.

“Steady-state” volcanism on Earth occurs when the magma erggyies A, G., R. Lopes-Gautier, W. D. Smythe, and R. W. Carlson 19t
tion rate is balanced by the magma supply rate. Therefore, meadultiple-temperature fits to Galileo NIMS data of volcanism onltarus
surements of the magma eruption rate can be used to estimate thgbmitted.

minimum magma supply rate (e_g_1 Sigurdsson and MacDond&lavies, A. G., A. S. McEwen, R. Lopes-Gautier, L. Keszthelyi, R. W. Carlsc
1999, Harriset al. 1999, Oppenheimer and Francis 1997)_ Fu- and W. D. Smythe 1997. Temperature a}nd area constra_ints of the S Vo
ture work will take advantage ofthe many observations Obtaineamlcano on lo from the NIMS and SSI instruments during the Galileo C

by NIMS of . h | .. _ orbit. Geophys. Res. Lef24, 2447-2450.

i y of persistent hot spots to measure tempora V_a”atloggnale, F.P.,W.P.Banerdt, L. S. Elson, T. V. Johnson, and R. W. Zurek 1982.
In temperature and qrea, from Wh'C_h a range of eruption rategface: its phase composition and influence on lo’s atmosphere and Jupi
can be calculated using plausible thicknesses. These values cafgnetosphere. Batellites of JupitefD. Morrison, Ed.), pp. 756-781. Univ.

then be used to estimate the minimum magma supply rate to thef Arizona Press, Tucson.

surface at the present state of lo’s volcanism. Flynn, L. P., and P. J. Mouginis-Mark 1992. Cooling rate of an active Hawaii
flow from nighttime spectroradiometer measuremeht&eophys. Red9,
7.6. Future Observations 1783-1786.

. ) . ) Gaskell, R. W., S. P. Synnott, A. S. McEwen, and G. G. Schaber 1988. Lal
Further observations by Galileo during the Galileo Europascale topography of lo: Implications for internal structure and heat trans

Mission (1998-2000) and from groundbased telescopes wilGeophys. Res. Lett5, 581-584.
continue to build up our knowledge of the types and temp@eissler, P. E., A. S. McEwen, L. Keszthelyi, R. Lopes-Gautier, J. Granah

ral variability of hot spots on lo. Since Galileo has made fewand D. P. Simonelli 1999. Global color variations on loarus 14Q

observations of lo during most of GEM, groundbased observa?®>-282
uen, J. D., W. M. Sinton, D. L. Matson, R. R. Howell, H. M. Dyck, T. V

tions have been essentialforcontinuingthestudyofthetempo?z%%hnson R H. Brown. G. J. Veeder. A. L. Lane. R. M. Nelson. and R

V_a”ab'“ty (_)f lo’s hot Sp_OtS. Galileo will obtain very hlgh SPa-  \cLaren 1988. Io’s hot spots: Infrared photometry of satellite occultatior
tial resolution observations of 1o at the end of GEM (down t0 |carus 76, 465-484.

200 m/pixel for NIMS and about 5 m/pixel for SSI). Areas tarwarris, A. J. L., L. P. Flynn, D. A. Rothery, C. Oppenheimer, and S. B. Sherm
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