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Introduction. Reductions in radar emissivity at 

high altitudes (>2.5km above MPR) on volcanoes are 
currently best explained by chemical reactions be-
tween the surface and the atmosphere [e.g., 1-3] The 
presence of ferroelectric materials or production of 
semiconductor materials are possible chemical expla-
nations for the low emissivity. The elevation and tem-
perature of these transitions can constrain the possible 
minerals present on these volcanoes. This study at-
tempts to understand the variability of the magnitude 
and elevation of the low emissivity excursions found 
on volcanoes by surveying 16 large volcanoes, 
mapped using Magellan synthetic aperture radar 
(SAR) and emissivity data. 

Methods: In ArcMap, 16 large volcanoes were 
mapped using Magellan SAR FMAP global mosaic, 
with a resolution of 75km/pixel. The volcano maps 
were classified by whether or not they were covered 
by crater ejecta. These parabolic crater ejecta deposits 
are derived from recent plains craters mapped by [4] 
and older plains craters (modeled by [5]). Elevation, 
radar emissivity and effective permittivity were de-
rived for each volcano from global maps processed by 
[5]. RStudio was used for plotting and statistics. Fi-
nally, to test whether different ferroelectric minerals 
could be responsible for the low emissivity excursions 
happening at different elevations, this study used the 
equations used by [2] to model the change in permit-
tivity with changes in elevation (temperature), the 
permittivity and concentration of the ferroelectrics. 

Results. Most volcanoes taller than 2.5 km exhib-
it a sharp change to low emissivity that is consistent 
with the presence of ferroelectric minerals. Many vol-
canoes also undergo changes below the 2.5 km height. 
Additionally, Nyx Mons does not reach 2.5 km, but 
still undergoes a low emissivity change. 

The elevation of the emissivity excursions is var-
iable from one volcano to another, even in the same 
local region (e.g., Sapas, Ozza and Maat or Nyx and 
Tepev). This strongly supports that the changes in 
emissivity in these volcanoes is due to differences in 
the type and abundance of high dielectric minerals in 
the rocks as opposed to differences in the composition 
of the atmosphere.   

Young volcanoes? Unlike many of the other vol-
canoes, Maat Mons and Ongwuti Mons lack a promi-
nent low emissivity change around 2.5 km. This sup-
ports the idea that these volcanoes are young enough 
that their minerals have not yet completely reacted to 

the atmosphere [e.g., 1], consistent with their strati-
graphic positions.  

Idunn Mons lacks low emissivity excursions like 
many other volcanoes, which could mean that either 
the ferroelectric minerals responsible for those low 
excursions on other volcanoes are not present on 
Idunn, or that Idunn’s flows are too young to have 
changed consistent with a young age for this volcano 
suggested by [6].  

Multiple emissivity excursions. Low emissivity 
transitions occur at common elevations among volca-
noes, supporting the idea that some ferroelectric min-
erals are found on multiple volcanoes; however, each 
volcano has a unique set of critical elevations and 
excursion magnitudes. 

Based on the model used by [2] it is plausible that 
different excursions within a single volcano are 
caused by different ferroelectric materials with varia-
ble dielectric constants. It is also possible that the 
variation in magnitude of some excursions are caused 
by variations in the concentration of a single ferroe-
lectric mineral. 

Effect of crater parabolas. Of the 7 volcanoes that 
overlap with Campbell parabolas, 5 have a lower dis-
tribution of emissivity values in uncovered regions 
than in covered by Campbell parabolas. This finding 
supports the idea that younger crater parabolas in-
crease the emissivity of volcanoes by moving younger 
excavated plains basalts on top of older lava flows 
weathered to low emissivity. 

Conclusions: We find that volcanoes on Venus 
contain ferroelectric minerals which react with the 
atmosphere to create the low emissivity changes ob-
served by the Magellan orbiter. We observe that each 
volcano has a set of ferroelectric minerals that have 
different critical temperatures and/or concentrations. 
Some of these minerals are common to multiple vol-
canoes. Additionally, ejecta from recent plains craters 
correlates with higher emissivity values, suggesting 
that radiophysical behavior in ejecta-covered regions 
can’t be attributed entirely to the volcano. These find-
ings lead us closer to understanding the composition 
and age of Venus’s large volcanoes. 
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