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Introduction. Tesserae are heavily deformed ter-
rains that cover about 8% of Venus’ surface [1] and 
consistently appear as the stratigraphically oldest mate-
rial on a planet with an average surface crater retention 
age of ~500 Ma [2]. Thus, tesserae provide the best 
and perhaps only chance to access rocks that are de-
rived from the first ~80% of the history of Ve-
nus. Neither the mineralogy nor the chemistry of tes-
serae has yet been measured, but VEx/VIRTIS data 
show that Alpha and Cocomana tesserae have lower 1 
µm thermal emission than plains of the same elevation 
[3], consistent with them having more iron-poor, felsic, 
compositions than the presumably basaltic plains 
[4]. Hence, felsic tesserae could record an extinct plate 
tectonic regime on a water-rich planet [5]. 

Recent work by Treiman et al [6] recognized that 
the radar reflectivity of Venus highlands differs be-
tween Ovda tesserae and Maxwell Montes, suggesting 
different surface materials. Pioneer Venus and Magel-
lan data show that many high elevations on Venus have 
distinctly elevated values of radar reflectivity [7] and 
thus low values of radar emissivity [8]. These changes 
are ascribed to a chemical weathering reaction between 
the rocks and the deep atmosphere, producing a high 
dielectric mineral, where it is likely that these reactions 
are facilitated by the lower temperatures at higher ele-
vations. Models to produce low emissivity surfaces at 
the Venus highlands include: the condensation of high 
dielectric pyrite [9], the presence of ferroelectric min-
erals in the rocks that change as a function of tempera-
ture [10], and the coating of metallic frosts by conden-
sation onto the rocks [11]. Here we measure and com-
pare the variation of radar emissivity with altitude of 
tesserae and mountain belts to better constrain the 
range of composition of the tesserae materials [12] and 
to compare them to volcanic materials [13].  

Data & Methods. Using a map of tesserae provid-
ed by M. Ivanov, we identified the 48 largest tesserae 
on Venus with Magellan Synthetic Aperture Radar 
(SAR) images at 75 m.px-1. We also included mountain 
belts from Ishtar Terra. For each region, we derived 
altimetry from the Magellan GTDR and emissivity 
from the GEDR. Both datasets are resampled to 4.6 
km.px-1. Elevation and emissivity data are extracted to 
return scatterplots of the variation of emissivity with 
altitude [9]. The elevation data are given in planetary 
radius with a mean value of 6051.8 km [14]. We re-
trieved temperatures with the Vega 2 lander data [15]. 

Emissivity Excursions. Radar emissivity of many 
Venusian highlands declines with altitude from a glob-
al average value of ~0.8 to values as low as 0.3. We 
define an emissivity excursion as the region on an 
emissivity – elevation plot where radar emissivity de-
creases and becomes distinct from values seen in the 
lowlands (0.8-0.9). Some (13/48) tesserae and all 
mountain belts show such excursions. Most of the tes-
serae and mountains have the lowest emissivity values 
at their summits. This supports the temperature-based 
reactions proposed in previous studies [8,9]. The com-
plex relation between emissivity and elevation allows 
us to classify each region, depending on the presence 
of an emissivity excursion, its magnitude, its altitude 
and the elevation of the region itself. 

Ovda and Sudenitsa (group 1) have strong emissivi-
ty decreases with elevation to their lowest values (0.3-
0.5) at ~6056 km, then an abrupt return to higher val-
ues (0.8) at their summits. This particular behavior is 
consistent with the presence of ferroelectric minerals in 
the rocks undergoing a phase change at ~6056 km, and 
thus corresponding to a Curie temperature (Tc) of ~ 
700 K [6,10]. The shape of this pattern is mimicked by 
other tesserae having strong declines (group 2) and 
subtle declines (groups 3-4). They have emissivity de-
creasing gradually with elevation to their highest alti-
tudes, but do not return to higher emissivity values. 
Tesserae from groups 3-4 have subtle decreases with 
low emissivity of 0.7-0.8, reached above and below 
6054 km, respectively. The pattern or slope of the 
emissivity excursion in groups 3-4 is similar to that of 
the groups 1-2, but the magnitude of the excursions 
differ. They could consist of rocks with ferroelectrics 
but, they are too short to reach their Tc. The low eleva-
tion trend (~6053 km) in group 4 may indicate a higher 
Tc (~720 K). Group 5 comprises all tesserae and 
mountain belts with no emissivity variations below 
6055 km. Different emissivity behaviors are seen 
above this altitude. Maxwell has a very sharp decline in 
emissivity, while Fortuna and other mountains show 
subtle excursions. Although they reach elevations 
above 6056 km, they do not display increases in emis-
sivity at the highest elevations, unlike Ovda and Sude-
nitsa (group 1). This behavior does not seem in agree-
ment with that of a ferroelectric material [6]. This is 
rather consistent with the presence of a semiconducting 
material like pyrite or metallic frosts [9,11]. Presence 
of semiconductors on Venus has already been suggest-
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ed from radar bistatic observations conducted during 
Magellan and VEx missions over Maxwell [16]. The 
remaining tesserae (group 6) are standing below 6055 
km and show no changes with elevation. 

Mineralogical Trends. The changes in the emis-
sivity with altitude for tesserae and mountain belts in-
dicate the presence of at least three distinct high dielec-
tric minerals on Venus: (1) those with ferroelectric 
behavior and a Tc of ~700 K (groups 1-3), (2) those 
with ferroelectric behavior and a Tc of ~720 K (group 
4), and (3) those with semiconductor behavior (group 
5). The remaining tesserae (group 6) are too short to 
determine to which of these (or other) classes they may 
belong. Because these classes span a range of loca-
tions, this disparity is more likely to be related to dif-
ferences in rock mineralogy rather than to atmospheric 
variability. Whatever the minerals are, it is clear from 
this survey that they are common to tesserae systems 
on Venus. If the composition and temperature of the 
atmosphere of Venus has been constant over the time-
scale of the surface-atmosphere reaction, this requires 
that the minerals involved are ubiquitous. This is fur-
ther supported by the similar mineralogical trends de-
picted in the major volcanoes and coronae of Venus 
[13] (Fig. 1). The ferroelectric pattern is found in tes-
serae from Aphrodite Terra and Alpha, Beta, Phoebe
regions, as well in volcanic regions from Atla, Beta,
Phoebe, Imdr, Dione, Bell and Eistla regiones. This
requires that this mineral type is widespread on the
planet, at least in the mid-to-low latitudes. The varying
“critical altitude” reported by Klose et al. [9] and seen
here could be due to different minerals, a subtle varia-

tion of the ferroelectric composition that would slightly 
change the Tc, or local differences in the atmospheric 
conditions. As for the semiconductor pattern, it is only 
found in two regions on Venus: (1) Ishtar Terra with 
the tesserae, mountains and the two paterae within Lak-
shmi Planum, and (2) eastern Aphrodite Terra with the 
large coronae along Diana-Dali chasmata. These ter-
rains may have similar emissivity patterns requiring 
that the reaction is common to these two locations. 

Conclusion. We find that high dielectric minerals 
are widespread and common in tesserae and volcanic 
materials. The emissivity signatures of tesserae can be 
divided into 6 classes which represent at least three 
high dielectric minerals (ferroelectrics with high and 
low Tc, and semiconductors). 
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Figure 1 – Mineralogical trends on tesserae [12] and volcanic edifices [16]: ferroelectrics with low and high Tc (blue and 
green, respectively), semiconductors (red) and unknown materials (yellow). 
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