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Abstract: Morphological properties have been determined for 59 lava flow units found in 
association with three coronae in S.E. Aphrodite Terra as part of a larger study of the tectonics and 
volcanics of the area around (2 1 YE, 15" S). Lengths and areas of flows were measured directly on 
Magellan images and, in most cases, flow thicknesses were inferred from altimetry data in order to 
obtain volume estimates. Attempts were made to identify flow sources and,wherever possible, to 
deduce flow directions . Flow length distributions were examined and showed some evidence of 
compound flow fields formed at near-constant effusion rates in long-duration eruptions. The lava 
effusion rates corresponding to commonly occurring flow lengths were found (1000-5000 m3/s), 
and the flow volume estimates (a few to a few tens of km3) were used to deduce eruption durations 
(weeks to months). 

Background; As part of a wide-ranging study of the tectonics and volcanics of S.E. Aphrodite 
Terra [I], systematic morphological data were obtained on all of the identifiable lava flow units 
associated with three coronae. These features, centered at (215.5'E, 15.2"S), (21 1.2"E, 12.1°S) 
and (214S0E, gas), were studied in detail, and are labelled C1, C2 and C3 in what follows. 

Observations; Most of the lava flow units associated with these coronae have their sources in 
radial features which we assume to be the surface expressions of dikes [2], and most of them flow 
radially away from the centre of the corona, often terminating within the circumferential moat. 
Lengths and planimetric areas were measured for 59 clearly identifiable flow units, and thicknesses 
were estimated to lie between 10 and 25 m for the majority of the flows, based on their minimal 
signatures in the altimetry data. There are several examples of flow units with source vents which 
appear to be located outside the outer edge of the moat. These units flow towards the centre of the 
corona, again being channeled into the moat, and the source of one of them appears to be a fissure 
elongated in a non-radial direction. The length of the fissure in this case is somewhat greater than 
the width of the flow into which its lava is channeled, a rare instance which allows a good estimate 
of the length of the active fissure (-8 km) to be made. Other examples, though less well defined, 
seem to have similar lengths, certainly - 5 km. 

Analvsis; Histograms of the length distribution were drawn up for all of the flows associated 
with each of the coronae in turn (Fig. 1). These show multiple modes, a phenomenon which may 
imply [3,4] that the flows belong to compound flow fields formed over long periods by eruptions 
which are maintained at roughly constant rates. Under these circumstances, an initial flow unit 
advances until it reaches its cooling-limited length; a break-out then occurs, at the front or side of 
the original unit or from the main vent, and forms a second unit of similar length. If the eruption 
continues for a great enough period, many cooling-limited flows may form in this way. Break- 
outs from the fronts of earlier flows may not be recognised as such, due either to the finite image 
resolution or to local variations in radar incidence and emergence angles caused by topographic 
undulations. Hence, two (or three, etc.) units may be misinterpreted as a single unit twice (or three 
times, etc.) as long, leading to the multiple modes in the length distribution. Examination of the 
histograms with this in mind suggests that the fundamental cooling-limited lengths for flows at all 
three coronae probably lie in the range 50 to 150 km. 

These lengths can be used to deduce lava effusion rates at the vent using a model [5] of the 
cooling-limited flow emplacement process, provided a value is assumed for the mean slope of the 
ground down which the flows move. Using a value of -0.25', the effusion rates corresponding to 
the above flow unit lengths lie in the range -1000 to -5000 m3/s and are given in Table 1, together 
with the rates for lengths up to 300 m, the longest apparent flow length measured. These values 
are high when compared with eruption rates of up to a few hundred m3/s from modem [6] and 
recent [7] mafic fissure eruptions on Earth. However, given the -5 km lengths of the eruptive 
fissures observed for these flows, the discharge rates per unit outcrop length of fissure would lie in 
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the range 0.2 - 1 m3/s per metre of fissure length, much closer to terrestrial values [8] and implying 
quite similar magma velocities through the dyke systems feeding the surface vents [9]. The main 
differences between these eruptions on Venus and common terrestrial eruptions would then lie in 
the factors controlling the lengths and widths, at right angles to the direction of magma motion, of 
the dykes. These factors are probably traceable to the stress conditions around, and the excess 
fluid pressures within, the magma reservoirs supplying the eruptions [2]. Most of the flows 
mapped have volumes in the range of a few to a few tens of km3; division of these volumes by the 
eruption rates implied by the flow lengths yields eruption durations from a few weeks to a few 
months. 

Conclusions; Even allowing for the complications engendered by the formation of compound 
lava flow fields, it is hard to escape the conclusion that the fissure eruptions which fed the flows 
associated with the three coronae examined here took place at relatively high effusion rates, at least 
1000 to 5000 m3/s, from fissure vents several km long. The chief cause of these high rates is most 
likely to be the magma reservoir pressure/stress conditions defining the geometries of the feeder 
dykes. 
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Table 1; Lava effusion rates (dense rock equivalent volume flux) corresponding to flow lengths 
relevant to the present study (see text for details). 

Lava flow unit length in krn: 50 100 150 200 250 300 
Lava effusion rate in m3/s: 1400 3280 5380 7 640 10040 12540 

Figure 1; Histogram of lava flow lengths for each of the three coronae studied 

lava flow length range (In km) 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


