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Introduction:  No instrumentation specifically de-

signed to measure the topography of a planetary sur-

face has ever been deployed to the Galilean moon Io.  

Available methods that exist to perform such a task in 

the absence of the relevant instrumentation include 

stereo imaging [1], photoclinometry [2], and shadow 

length measurement [3,4].  In addition, Galileo limb 

profiles provide the only available global topographic 

‘ground data’ [5]. 

Stereo-derived digital terrain models (DTMs) are 

reliable at global and regional scales, but are unable to 

resolve fine-scale topographic features.  Io presents a 

challenging subject for stereo imaging given that much 

of its surface is comprised of smooth, low-contrast 

plains, at least at the resolution of most global images.  

In addition, changing surface patterns can confuse at-

tempts to correlate left and right stereo images, and 

radiation noise in Galileo images can complicate map-

ping. 

We have mosaicked 70 stereo DTMs derived from 

Voyager and Galileo imagery (controlled using the 

Galileo limb profiles) to create a topographic map cov-

ering ~75% of Io in order to constrain the shapes of 

regional- and global-scale features on this volcanic 

moon.  This abstract discusses how we have used this 

map, in conjunction with other datasets, to investigate 

the variation of heat flow across the planet and its rela-

tion to tidal heating mechanisms [6]. 

Methods: Customized ISIS software at LPI has 

been used to create and process stereo DTMs of Io’s 

surface using Voyager and Galileo imagery.  The ste-

reo routine determines parallax and associated topo-

graphic relief by identifying corresponding pixels with-

in the two stereo images through matching albedo pat-

terns in finite-sized patches.  Where the surface is 

smooth and featureless, the inability of the program to 

identify corresponding pixels can contribute to noise in 

the data, which must be masked automatically or man-

ually.  We have refined the stereo mapping technique 

described in previous research [7,8] by varying the size 

of the patch depending on the apparent relief of the 

terrain as determined from observing the parallax be-

tween the left- and right-hand stereo images.  Low re-

lief areas such as the plains are processed with large 

patch sizes, which smoothens the resulting DTM and 

reduces noise, while high relief areas such as moun-

tains and layered plains are processed with small patch 

sizes, which retains fine details in the topographic sig-

natures of these features.  Separate DTMs created us-

ing different patch sizes are then mosaicked together.   

Whenever possible, we control the stereo DTMs in 

order that they fit the triaxial ellipsoid of Io as defined 

by 25 Galileo limb profiles [5] before they are globally 

projected and mosaicked together.  Of the 70 DTMs, 

35 have been controlled using the limb profiles, and 32 

have been controlled using overlapping, controlled 

DTMs. 

Results: The final, controlled DTM is shown in 

Fig. 1.  Its quality can be assessed by quantifying topo-

graphic residuals between profiles with identical 

ground tracks in the limb and DTM data.  We find that 

the mean absolute residual has a magnitude of 0.61 km; 

51.6% of all the residuals have a magnitude less than 

0.5 km, while 19.5% have a magnitude of 1 km or 

greater.  The long-wavelength topographic variation of 

Io is quantified by removing topography associated 

with high-relief features (e.g. mountains, layered plains 

and some paterae), such that only the smoothed relief 

in the interstitial plains areas between -2 and +2 km in 

elevation remains.  The resulting global mean elevation 

is 0.00 km (σ = 0.61 km), and 89.9% of the elevation 

values for the plains areas are within ±1 km elevation, 

indicating minimal topographic variation across Io that 

is consistent with the magnitude of variation as deter-

mined by previous control point network and limb pro-

file studies [9,5].  We do not observe the previously 

reported 90° spacing of longitudinal basins and swells 

[9] in our DTM, but we have identified an arrangement 

of basins and swells with a wavelength of ~130° of 

longitude, and an amplitude of 1 to 1.5 km, the bound-

aries of which (as far as can be determined in our 

DTM) are shown in Fig. 1. 

Fig. 1.  Stereo DTM overlain on a mosaic of visible 

Voyager and Galileo images in simple cylindrical pro-

jection at 2 km/px.  Gaps in the DTM represent masked 

noise or absence of stereo coverage.  The boundaries of 

the basins and swells as identified in the DTM are indi-

cated by red lines. 
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We have assessed the extent to which the long-

wavelength topography in our stereo DEM can be cor-

related to the distribution of volcanoes and mountains.  

Independent studies [10,11,12] have identified bimod-

al, equator-centered peaks in volcano and mountain 

distributions that are anticorrelated, i.e. offset by 90° to 

each other.  These correspond reasonably well to the 

locations of the basins and swells identified in our 

DTM, with the caveat that the boundaries of these fea-

tures are not well defined due to limitations in stereo 

coverage.  The statistics in Table 1 indicate the correla-

tion of our swells and basins to regions with high spa-

tial densities of volcanoes and mountains, respectively.  

Fig. 2 maps the locations of the peaks in moun-

tain/volcano distribution [11], with the locations of our 

basins and swells overlain. 

Fig. 2.  Map of the spatial distribution of mountains (a) 

and volcanoes (b) [11].  High densities are in red, low 

densities are in blue. 

 

Implications for heating:  How heat is transferred 

from Io’s interior to its surface, and the location of the 

primary source of the tidal heating, are considered to 

be instrumental in governing the distribution of moun-

tains and volcanoes.  A plausible scenario involves 

mantle or asthenospheric convection acting to offset 

the global crustal compressive stress field induced by 

volcanic subsidence that is regarded to be responsible 

for mountain formation [10], thereby leading to en-

hanced volcanism and decreased mountain building in 

some areas.  Modeling of convection in Io’s interior [6] 

indicates that the location of tidal heating strongly in-

fluences internal dynamics and heat flow distribution, 

with an asthenospheric heating scenario predicting in-

creased heat flow along the tidal axis, coincident with 

the swells and volcano concentrations, and decreased 

heat flow at the leading and trailing points on Io, coin-

cident with the basins and mountain concentrations.  

The association of the swells with volcano concentra-

tions supports the hypothesis that these areas are expe-

riencing upwelling of asthenospheric material, creating 

a net extensional stress that promotes enhanced volcan-

ism.  This offsetting extensional stress will be reduced, 

if not absent, in the areas with lower surface heat flow 

where the basins coincide with mountain concentra-

tions, and compressional stresses associated with buri-

al, subsidence and compression of volcanic deposits 

predominate.  In this sense, the basins and swells iden-

tified in our DTM would appear to support an astheno-

spheric tidal heating model for Io.  Despite the incom-

plete stereo coverage, we therefore consider the corre-

lation between the volcano/mountain concentrations 

and the basins/swells in our DTM to be significant with 

respect to refining scenarios for global heating on Io. 
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Table 1.  Statistics associated with the basins and swells identified within the stereo DTM.  Values in curved parentheses are 95% (2σ) confi-

dence limits.  The spatial density units for mountains and volcanoes are arbitrary, with negative and positive values representing densities 

below and above the global mean, respectively. 

Basin/ 

swell 

Basin/swell 

longitudinal 

boundaries (°W) 

Basin/swell center 

longitude (°W) 

Mean elevation 

in DTM (km) 

Spatial density of mountains 

within basin/swell [11] 

Spatial density of volcanoes 

within basin/swell [11] 

Basin 1 81.1  to 140.8 110.9 -0.47 (±1.10) 0.079 (±0.310) 0.024 (±0.147) 

Swell 1 140.8 to 208.5 174.6 0.17 (±0.99) -0.145 (±0.153) 0.138 (±0.201) 

Basin 2 208.5 to 273.0 244.7 -0.13 (±1.01) -0.025 (±0.215) -0.023 (±0.116) 

Swell 2 273.0 to 345.5 310.6 0.12 (±1.04) -0.060 (±0.148) 0.040 (±0.295) 
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