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Quantitative characterization of the topographic expression of complex 
Solar System volcanic landforms remains in its infancy, in spite of the 
pioneering efforts of Pike [I]  and others [2,3]. Indeed, with the availability of 
at least moderate spatial resolution digital elevation models (DEM) for planets 
such as Venus, Earth, Mars, and potentially the Moon, there is ample 
justification for developing algorithms to mathematically describe the essence 
of volcano shapes. Furthermore, as many of the larger edifices in the Solar 
System display evidence of flank or sector collapse events, robust models of 
such volcanoes could serve to parameterize the effects of such deformational 
processes. Finally, a great number of the largest central volcanoes on Venus, 
Mars, and Earth are described as "shields" [2,4], which implies, at least at the 
highest levels of generality, a common mode of origin by means of a sequence 
of quiescent eruptions with minimal explosivity (i.e., lava flows). We seek to 
investigate whether so many volcanoes with shield-like morphologies are 
"true" shields in a mathematical sense of the word. In particular, we have 
focussed upon a few of the most studied [4,5] large central volcanoes on Venus 
(i.e., Sapas, Tepev, Maat, Sif, Gula, Ozza, and 2 un-named others) in contrast 
with known shield volcanoes on Earth, and the largest shield-like structure on 
Mars (Olympus Mons). Typical venusian central edifices larger than 190 km in 
basal diameter display volumes in the 50,000 to 400,000 km3 range, and cross- 
sectional shapes between 0.9 (flattened cone) and 3.6 (paraboloid). 

While a great variety of mathematical methods are well-suited for 
characterizing, in a relatively parsimonious manner, the 2D topographic 
expression of discrete, central volcanoes, we have chosen to focus attention 
upon a cylindrical harmonic approach involving orthogonal polynomials, 
such as the well-known Bessel functions Jn 0.  Surface cylindrical harmonic 
expansions based upon DEM data (i.e., in x, y, z format, typically with constant 
dx and dy) can be readily generated using least squares or gaussian quadrature 
methods, and we have experimented with both [6]. Our underlying objective 
has been to characterize the topography of a given volcano as expressed in the 
form of a DEM or radial array of topographic profiles using the least 
coefficients. As such, we are seeking to develop a kind of surface boundary 
condition data compression algorithm, while simultaneously attempting to 
isolate what features distinguish various volcanic edifices beyond their first- 
order conical shapes. Two terrestrial edifices were initially chosen as being 
representative of shield volcanoes at two dimensional extremes: - 10 km 
(small) vs - 100 km (large) in diameter. The Skjaldbreidur lava shield of 
Iceland is perhaps the type locality in the Solar System of a primitive, 
polygenetic basaltic shield volcano [3] with a high degree of circular 
symmetry. In comparison with a perfect right circular cone of similar basal 
and height dimensions, Skjaldbre idur  is essentially indistinguishable. Using a 
20 m spatial resolution DEM derived from 1:50,000 scale topographic maps, we 
computed a degree and order 9x5 cylindrical harmonic (CH) expansion which 
fits the DEM with a residual of - 5 m RMS. The resulting CH model agrees with 
the original data to within 4% in terms of key morphometric parameters such 
as Volume, Surface Area, etc. In addition, the disparities between the CH model 
for Skja 1 d b  re idu  r  and an appropriately dimensioned right circular cone are in 
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the 2 to 4% range. While this tells us that Skjaldbreidur is dominantly a 
flattened cone, it also facilitates isolation of significant topographic variations 
(i.e., summit pit crater and summit concavity vs. flank convexity) which 
appear *to be related to the constructional history of the edifice. We have also 
used the subaerial portion of the Mauna Lou composite shield volcano in our 
study because it is reasonably representative of a less symmetric and larger 
version of Skjaldbreidur .  If one were to proportionately scale the 
Skjaldbreidur edifice to the basal dimensions of subaerial Mauna Lou, both 
would appear topographically and volumetrically similar, in spite of M a u n a  
Lou's elongated nature. 

We computed CH models for 8 representative venusian central volcanoes 
on the basis of the statistical database compiled by L. Crumpler and colleagues 
[4,5]. Both 9x5 and 12x7 models were generated for all edifices. The Magellan 
GxDR altimetric data were used to develop DEM's for each of the 8 test-case 
volcanoes in order to derive the CH expansions. Simple amplitude vs. degree 
power spectra were also generated for each edifice from the CH models in 
order to quantitatively compare their shapes using the fewest numbers. The 
simplest shields display monitonically decreasing power spectra, with a factor 
of - 4 decrease in amplitude from degree one to degree two. For all of the 
terrestrial shield volcanoes examined as part of this study (-20), the ratio of 
the amplitudes from degree 1 to 2 (i.e., a l /a2)  ranged from 3.8 to 4.9, while 
other types of volcanoes displayed very different ratios (i.e., > 10). Of the 
Venus edifices considered, Sif Mons displayed a CH power spectrum most 
similar to that of the terrestrial lava shields, with a ratio (a l /a2)  of - 3. In 
contrast, Olympus Mons on Mars displays a CH power spectrum ratio of - 5, and 
a non-monotonically decreasing trend after degree 3. However, if one were to 
digitally filter the CH model for Olympus Mons to subdue the effect of the 
escarpment, the resulting CH power spectrum is statistically similar to that of 
Skjaldbreidur .  It appears the effect of flank escarpments is first manifested at 
degree 3, with second order effects at degree 7. Thus, Sif Mons displays a 
second-order amplitude peak at degree 7, attesting to its irregular flanks. Our 
conclusion is that primitive basaltic shield volcanoes as observed on Earth 
(i.e., Skjaldbreidur ,  Mauna Lou, etc.) do have their counterparts on Venus and 
Mars, but that most of the larger central edifices on the other silicate planets 
are not as shield-like as previously imagined on the basis of morphology 
alone. 

Mathematical modelling of the topography of major Solar System 
volcanoes, at least when approached wi th  surface cylindrical harmonic 
methods [6], can serve to distinguish edifices on the basis of their 
constructional histories. A comprehensive analysis of -100 major edifices on 
Venus using CH methods is underway to further quantify their distinguishing 
characteristics. {We acknowledge the VDAP program for its support}. 
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