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COMPARISON OF SIZES, SHAPES, AND MORPHOLOGIES OF SUBMARINE VOLCANOES 
AND VOLCANOES ON VENUS; D. K. Smith, Dept. of Geology and Geophysics, Woods Hole 
Oceanographic Institution, Woods Hole, MA 02543, J. R. Cann, Dept. of Earth Sciences, 
University of Leeds, Leeds LS2 9JT 

Recently, it has been suggested that seafloor volcanoes (seamounts) may be the best plane- 
tary analogs for the small domes and "pancake" domes observed on Venus [e.g., 1,2,3,4].  It 
has been noted that the high eruptive pressures on the surface of Venus (-90 bars) and the sea- 
floor (-400 bars at a depth of 4000 m) inhibit the exsolution of volatiles, which may play a 
major role in producing volcanoes of similar shapes. To assess the similarities and differences 
between the products of constructional volcanism in these two planetary settings, we describe 
size and shape statistics compiled from 85 seamounts formed throughout the Pacific Ocean 
basin and 481 seamounts located within the inner valley floor of the slow-spreading Mid-Atlan- 
tic Ridge at 24"-30°N, and compare them to the sizes and shapes of volcanoes described on 
Venus. In addition we present high-resolution side-scan sonar images of individual seamounts 
that bear a strong resemblance to volcanoes imaged on Venus. 

The ocean floor encompasses several diverse magmatic/tectonic environments within which 
seamount production varies. They include 1) mid-ocean ridges where new oceanic crust is 
accreted and moves laterally away; 2) regions near hot spots; and 3) intraplate oceanic basins 
removed from hot spot influence. Moreover, each of these environments can be subdivided by 
parameters such as spreading rate and lithospheric age (or seafloor depth). Which of these set- 
tings is the best analog to Venus is not as yet clear. The number of regions surveyed in Earth's 
oceans are still limited; nonetheless, data exist to begin detailed comparisons between volca- 
noes constructed in different environments there and volcanoes constructed on Venus. 

The parameters useful in describing seamount shape are summit height h, basal diameter db, 
and summit diameter 4. These have been measured by approximating the shape of each sea- 
mount as a flat-topped cone. From these parameters we estimate the height-to-basal diameter E,, 
and the seamount flatness f, defined as the ratio of the summit diameter to the basal diameter. 

The 481 seamounts observed at the Mid-Atlantic Ridge have formed as part of the crustal 
accretion process; they range in height from 50-350 m, and in diameter from about 0.3 - 3.6 km. 
Summit height and basal diameter are correlated (r=0.75); the sample mean of the height-to- 
diameter ratio obtained by equally weighting the values fiom all 481 seamounts is 5, = 0.1 + 
0.03 implying that a seamount's summit height is typically one tenth its basal diameter. Flatness 
varies between 0 (a pointy cone) and 0.7 (a flat-topped cone) and shows a great range in values 
for all heights. The 481-point mean is f = 0.31 + 0.16; the median is 0.33. 

The 85 seamounts in the Pacific range in height between 140 and 3800 m; diameters range 
between about 1.5 and 36 km. In this data set, summit height and basal diameter are also found 
to be highly correlated (r=0.93). The 85-point sample mean is Eh = 0.1 * 0.04. This value of the 
height-to-diameter ratio is essentially identical to the value determined from the Mid-Atlantic 
Ridge seamounts, despite the fact that the Mid-Atlantic Ridge data set is about six times larger 
and confined to small size features. The 85-point sample mean of flatness is f = 0.31 + 0.18. 
Data points show a large scatter with values off varying between 0 and 0.69. These values are 
also the same as those obtained for the Pacific seamounts. 

Although h and db are correlated for these data sets, individual points show some scatter and 
there may be groupings into different morphologic types. For example, all but one of the sea- 
mounts with summit heights above 1000 m have values of E, that are larger than the sample 
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mean. Moreover, there is some evidence that mean flatness decreases with summit height so 
that the preferred shape of a large size seamount may be a pointy cone with larger than average 
height-to-diameter values. 

This does not seem to be the case on Venus. Pancake domes whose diameters range from 
about 10 km to 70 km [5], encompassing and extending beyond the size of large seamounts, 
tend to have large flatnesses and very small height-to-diameter ratios [2]. Seamounts with simi- 
lar morphology to Venusian pancakes, in general, occur at much smaller sizes. The abundant 
small volcanic edifices constructed on Venus with d, < 20 km (and therefore more comparable 
in size to seamounts) described by Aubele and Slyuta [I] and categorized into morphologic 
groups by Guest et al. [2] also have morphologic similarities to seamounts (Figure 1). These 
small volcanic constructs appear to be good candidates for a detailed comparison to submarine 
volcanoes. 

References: [I] Aubele and Slyuta (1990) Earth, Moon, & Planets, 50151,493; [2] Guest et 
al. (1992), JGR, 97, 15949; [3] Bridges (1994), LPSCXYV; [4] Sakimoto (1994), LPSCXYV; 
[5] Head et al. (1992), JGR, 97, 13153. 

VENUS VOLCANO SEAMOUNT 

Figure 1. The panel on the left shows a sketch of a small-size Venusian flat-topped dome with a summit crater 
[2]. The panel on the right shows a flat-topped cratered seamount imaged at the axis of the Mid-Atlantic Ridge 
with the same morphology. It is -220 m high, top diameter is - 600 m and basal diameter - 1500 m. 
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