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Introduction:  Many volcanic features and hot 

spots of thermal emission on Io have been catalogued 

[1-4].  Hot spots are well correlated with dark paterae 

and large flow fields.  All large dark volcanic features 

contain hot spots but only some of the many small 

visual features have been detected in the infrared.  All 

dark volcanic features are expected to be warm enough 

to prevent the condensation of SO2 and S that brightens 

surfaces.  We have analyzed [5-7] hot spots detected 

by the Galileo Near Infrared Mapping Spectrometer 

(NIMS) and Photo-Polarimeter Radiometer (PPR) 

[2,3,8-10] and incorporated the NIMS radiant flux 

measurements into a database [11].  We have estimated 

the contribution to Io’s global heat flow from these 

identified hot spots as well as other dark volcanic 

features, but as yet cannot account for ≈40% of Io’s 

global heat flow [5-7].  We report the identification of 

four new small hot spots from further examination of 

Galileo NIMS data. 

Faint Thermal Sources:  The Galileo NIMS and 

PPR data on Io are limited by the spatial resolution and 

sensitivity of the infrared instruments.  An examination 

of the spectral slope for each pixel in a Galileo NIMS 

observation from orbit C3 (November 1996) led to the 

concept of ‘myriads’ of faint relatively small infrared 

sources [12].  Such small hot spots were subsequently 

identified in later high resolution Galileo NIMS data 

with limited areal coverage [8,9].   

NIMS flux intensity.  We identify Wabasso Patera, 

[1] and ‘pfu
’
 (patera floor, undifferentiated) 1336 [4] as 

faint NIMS thermal sources.  These and other 

previously detected hot spots are shown in Figure 1. 

The NIMS Io data at 4.7 microns 32I008 

(32INREGION02) also show the terminator just to the 

west of Marduk Fluctus.  The contrast for thermal 

emission is greater against the dark background on the 

left hand side than against sunlit terrain to the east.  

Our previous estimate for the volcanic thermal power 

of Wabasso Patera, 3x10
10

 W, relied upon our model 

area of 355 km
2
 for dark material on its floor [6]. 

NIMS flux ratio.  We are pursuing a suggestion [13] 

to examine the spectral slope of pixels in high resolu-

tion NIMS data with a technique previously used for a 

low resolution Galileo NIMS observation [12].  How-

ever, to mitigate against strong SO2 absorption near 4 

microns we co-add the NIMS flux in the three longest 

wavelength bands available, co-add the intensities in 

three bands just above 3 microns and then ratio these 

co-additions for each pixel.  The result shown in Figure 

2 has been stretched between low and high cutoffs to 

discriminate for pixels with infrared color temperatures 

of ~200-400 K.  Strong hot sources, also labeled, are 

intentionally saturated compared to the corresponding 

4.7 micron intensity image [8].  NIMS observation 

25I003, including Prometheus and Emakong Patera, 

covers ~2% of Io’s surface area at a resolution of 19 

km/pixel.  Our ratio analysis reveals new NIMS detec-

tions of small dark paterae P89 and P165 [1].  Our pre-

vious estimate for the volcanic thermal power of P89, 

3x10
10

 W, relied upon our model area of 372 km
2
 for 

dark material on its floor [6].  By comparison, the 

model dark area of P165 is ~139 km
2
.   

Note that our model dark areas are smaller than 

given in the relevant entries in catalogs [1] and [4]. 

Number of ‘Myriads’:  The discovery of four new 

hot spots in Figures 1 and 2 is consistent with some, 

perhaps large, number of faint thermal sources on Io as 

implied previously [8,12].  However, the location of 

Figure 2 may be near a relative maximum in the sur-

face density of hot spots and associated heat flow on Io 

[1,4,7,14].  An additional complication is that the sur-

face distributions of paterae and flow fields are differ-

ent [5,6].  A straight geometric extrapolation of only 

four new hot spots from a limited area suggests there 

are less than ~100 globally near the best Galileo NIMS 

detection limit.  So far, almost all identified hot spots 

have been associated with dark volcanic features 

[1-10]. 

Heat Flow:  Our previous analysis of Io’s global 

heat flow includes an estimated contribution from some 

small paterae [6,7].  In particular, 50 small ‘pfd’ (patera 

floor, dark) units [4] covering a total of ~24724 km
2
 

may contribute ~2.6% of Io’s total thermal emission 

[7].  Moreover, very few small ‘fd’ (flow, dark) units 

[4], appear to have been detected by Galileo NIMS or 

PPR.  The small value of Io’s heat flow due to very 

small ‘myriads’ remains to be quantified. 

Conclusions:  (1) Near infrared ratios for images 

from future high resolution observations of the unlit 

side are expected to reveal additional faint hot spots 

associated with small dark volcanic features on Io.  

(2) Very faint hot spots are not likely to out number 

small dark volcanic features on Io.  (3) The small size 

and finite number of faint thermal sources limit their 

contribution to the total heat flow on Io.   
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Figure 1.  Galileo NIMS observation 32I008 

(32INREGION02) of Io at 4.7 microns.  Wabasso 

Patera is a faint hot spot located at -22.9, 166.7 W. 

“1336” is also a newly-identified hot spot, located at 

30.1, 230 W. 

 

 
Figure 2.  Ratio image created from Galileo NIMS 

observation 25I003 (25INREGION01) to highlight 

faint thermal sources.  The small dark paterae P89 and 

P165 appear as faint hot spots near Prometheus and 

Yaw Patera.  White indicates excess thermal emission.  

Strong sources have black saturated cores.  North is up. 
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