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VENUS MOUNTAIN-TOP MINERALOGY: MISCONCEPTIONS ABOUT 
PYRITE AS THE HIGH RADAR-REFLECTING PHASE 
Roger G. Burns and D'Arcy W. Straub, Department of Earth, Atmospheric and Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Overview. Altitude-dependent, high radar-reflectivity surfaces on Venus are observed on 
most mountainous volcanic terranes above a planetary radius of about 6054 km. However, high 
radar-reflectivity areas also occur at lower altitudes in some impact craters and plain terranes. 
Pyrite (FeS2) is commonly believed to be responsible for the high radar reflectivities at high 
elevations on Venus, on account of large dielectric constants measured for sulfide-bearing rocks 
that were erroneously attributed to pyrite instead of pyrrhotite. Pentlandite-pyrrhotite assemblages 
may be responsible for high reflectivities associated with impact craters on the Venusian surface, 
by analogy with Fe-Ni sulfide deposits occurring in terrestrial astroblemes. Mixed-valence Fe2+- 
Fe3+ silicates, including oxyhornblende, oxybiotite and ilvaite, may contribute to high radar - 
reflecting surfaces on mountain-tops of Venus. 

High radar-reflectivity regions on the surface of Venus [I], corresponding to areas with low 
radiothermal emissivities, are an enigma. They appear to predominate at high altitudes above a 
critical planetary radius of about 6054 km on highlands (e.g., Ovda Regio, Thetis Regio, Maxwell 
Montes), large shield volcanoes (e.g., Ozza Mons, Theia Mons, Gula Mons) and other smaller and 
rifted volcanoes (e.g., Rhea Mons) [2]. However, areas of high radar reflectivity are occasionally 
observed in low-lying terranes, including some impact craters (e.g., Boleya, Stanton, Stuart, 
Mead) [2]. These high radar-reflectivity regions are indicative of surface rocks with relatively 
large bulk dielectric constants resulting from mineral constituents that may possess high electrical 
conductivities [I]. Fresh, dry, unweathered, compact igneous and plutonic rocks have relatively 
small intrinsic dielectric constants [3]. Therefore, to account for the electrical properties of the 
surface of Venus, a variety of Fe, Mn and Ti oxide minerals with large dielectric constants have 
been proposed, including ilmenite (FeTi03), perovskite (CaTi03), hematite (Fe203), and 
pyrolusite (Mn@) [4]. However, major proportions (>I0 volume 9%) of these minerals must be 
present in the surface rocks to account for their high radar reflectivities, posing geochemical 
problems of segregating such comparatively minor minerals. The bulk dielectric constant of a rock 
matrix may be raised when it is "loaded" with fragments of electrically conducting inclusions [I]. 
The most popular candidate as a "loaded dielectric" is pyrite, FeS2, which is postulated to be 
disseminated in amounts approaching 15 volume % throughout surface rocks at high elevations on 
Venus, apparently accounting for many of the high radar-reflectivity areas [1,2]. 

The choice of pyrite as the high radar-reflectivity phase at high altitudes on Venus was 
influenced by dielectric constant measurements made on, supposedly, pyrite-bearing rocks [5]. 
Evidence for this association may be flawed, however. One rock-type used in those room 
temperature dielectric constant measurements [5] consisted of two specimens of metamorphosed 
volcanic rocks from New Hampshire. The mineralogy of the metavolcanic rocks comprised major 
proportions of plagioclase feldspar, Fe-bearing biotite, chlorite and accessory magnetite, together 
with minor iron sulfide assemblages consisting of pyrite (4 to 5 volume % FeSz), pyrrhotite (2 to 4 
% Fel_,S) and chalcopyrite (up to 2 % CuFeS2). The metavolcanic rocks yielded bulk dielectric 
constants (E) of about 20, which are significantly larger than typical values (E = 5 to 10) for mafic 
igneous rocks [3] and pure monominerallic pyrite (E = 10.4 to 12.1; 161). A second rock-type 
used in the early dielectric constant measurements [S] comprised three samples of high-grade 
sulfide ore from Sudbury, Ontario, Canada. The ore specimens were reported [5] to contain 40 to 
45% pyrite, 40 to 45% chalcopyrite, and 4 %  pyrrhotite. The mineral identifications were based 
on optical reflectivities observed in surfaces of polished rock-sections viewed under the 
microscope. In principle, pyrite with a high reflectivity (R = 55%) is readily distinguishable from 
pyrrhotite (R = 40%) and chalcopyrite (R = 45%). However, the high electrical conductivities (o) 
of the three Sudbury ore samples (o = 3 x 103 to 7.5 x 105 ohm-1 m-l) prevented dielectric constant 

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



234 LPSC XXIV 

MINERALS ON T H E  SURFACE O F  VENUS: Burns, R. G. and  Straub, D. W. 

measurements being made, which appeared to correlate with high proportions of pyrite in the 
specimens [S]. These high dielectric constants for sulfide-bearing metamorphic rocks and ores, 
which were attributed to electrical properties of pyrite, and not pyrrhotite, appear to have 
influenced subsequent interpretations of Venusian radiothermal emissivity measurements derived 
from the Pioneer Venus radar mapper experiments [I] and the current Magellan radiometer 
experiment [2], as well as chemical equilibrium reactions believed to occur on Venus that have 
focused mainly on thermodynamic properties of pyrite [7]. These chemical reactions involving 
pyrite are evaluated elsewhere [8]. 

However, the mineralogy reported [S] for the Sudbury sulfide ore is probably incorrect. The 
sulfide deposits at Sudbury are an economic source of nickel, which occurs in pentlandite, 
(Fe,Ni)gS8, intimately associated with major pyrrhotite and accessory pyrite and chalcopyrite [9]. 
Pentlandite has a higher reflectivity (R = 50%) than pyrrhotite (R = 40%) and was apparently 
misidentified as pyrite [S]. Pentlandite and pyrrhotite both have metallic properties, but 
pentlandite is non-magnetic. Therefore, the immeasurably high dielectric constant (due to high 
electrical conductivity) of the Sudbury ore [S], which appeared to correlate with pyrite (plus 
chalcopyrite) abundance, probably originated, instead, from the pyrrhotite-pentlandite assemblage. 

An important inference about Venus surface mineralogy that may be drawn from the electrical 
properties of the Sudbury ore samples is they provide a clue to the origin of the high radar 
reflectivities associated with some impact craters on the planet. The Sudbury deposits resulted 
from an astrobleme that impacted the Earth about 1.85 b.y. ago [lo]. Basaltic magma (now 
norite) flowed into the impact crater associated with the astrobleme to fonn the Sudbury lopolith, in 
which massive Fe-Ni sulphide ores were deposited around the perimeter of the crater [9,10]. We 
suggest that pyrrhotite-pentlandite assemblages occur in many impact craters on Venus, too, 
accounting for the high radar reflectivities of impact-related parabolic features observed there at low 
altitudes on the Venusian surface [Ill. 

Controversy also exists over the thermodynamic stability of pyrite on Venus [12,13], which is 
discussed elsewhere [S]. Such ambiguities over the stability of pyrite, and whether or not pyrite 
influences the radiothermal ernissivity of the Venusian surface above the 6054 km planetary radius, 
led us to explore alternative explanations for the high radar-reflectivity areas of Venus [14]. 
Stability fields of mixed-valence Fe2+-Fe3+ silicates (e.g., oxyhornblende, oxybiotite, ilvaite), 
render these mineral assemblages as viable candidates, rather than pyrite, for the high radar- 
reflectivity assemblages observed at high elevations on the surface of Venus. The stability of 
oxyarnphiboles on Venus is discussed in an accompanying abstract [IS]. 
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