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Introduction: Venus tessera terrain is character-

ized by complex deformation comprising at least two 
sets of intersecting ridges and grooves which contrib-
ute to high radar backscatter [1,2].  Tessera terrain is a 
major tectonic unit on Venus, comprising ~8% of the 
surface of the planet and occurring as both large (>103 
km across) high-standing (~1-4 km above mean plane-
tary radius (MPR = 6051.84 km)) plateaus and small 
(<100 km across) outcrops scattered among the global 
volcanic (presumably basaltic) plains at low elevations 
[3].  Stratigraphic studies of tessera terrain establish 
that they are generally embayed by plains materials 
[1,3,4-8], however, the density of craters on both ter-
rains is similar where the tesserae yield a surface crater 
retention age of 1X [9] to 1.4X [10] the average age of 
the surface of ~300 [11] to ~800 Ma [12].  The appar-
ent spatial randomness of the crater population on the 
surface of Venus and rarity of volcanically embayed 
craters [13, 14] can be produced by a geologically 
rapid emplacement of that surface (e.g., 14,15), pro-
voking several theories of catastrophic formation of the 
crust by varying methods (e.g., 16-18).  Alternatively, 
the crater record has been modeled to result from 
steady state geologic processes that are a consequence 
of secular cooling of the planet [13,19-21].  In either 
case, tesserae are interpreted to be remnants of an ex-
tinct pre-plains era in venusian geologic history.  Sev-
eral lines of evidence support the hypothesis that this 
era was characterized by higher strain rates and a thin-
ner lithosphere than at present.  Shallow apparent 
depths of compensation measured at tessera plateaus 
indicate that presently they are regions of thickened 
crust and are not dynamically supported, consistent 
with an extinct deformation episode (e.g., 22-25).  
Studies of the characteristic wavelengths of structures 
in tessera terrain are similar from region to region 
[26,27] and can be attributed to a (likely global) litho-
sphere thinner than that estimated today [28].  Lastly, 
observations of the deformation and preservation of 
impact craters yield strain rate estimates for the 
tesserae 1-2 orders of magnitude greater than at present 
[29].  Analyses of crater deformation on tessera terrain 
constrain this decline in surface strain rates to a geo-
logically short period of time of approximately 10% of 
the average crater retention age of the surface [30,31].   

Tessera terrain thus uniquely records the geologic 
history of an ancient Venus prior to and during plains 
emplacement.     

Are Tesserae Granitic?:  The D/H ratio of the ve-
nusian atmosphere is ~150X the terrestrial value, indi-
cating that Venus has lost water over its history [32].  
Thus it is conceivable that water was incorporated into 

magmatic processes in the early history of Venus fos-
tering magmatic differentiation and the production of 
silicic compositions.  As none of the Venera landers 
sampled tessera terrain, we have only indirect evidence 
consistent with more evolved compositions for tessera 
terrain. 

Hashimoto et al. [33] used emission at 1 micron 
measured by the Galileo spacecraft and found differ-
ences between tessera highlands and plains that can be 
explained by composition.  This method exploits the 
relatively low emissivity of common felsic minerals 
with respect to common mafic minerals.   

Romero and Turcotte [34] argue that the preserva-
tion of tessera terrain throughout an era of plate tecton-
ics is made possible because it comprises buoyant, low 
density crust of differentiated compositions.  This 
model provides a mechanism whereby tesserae may be 
preserved for billions of years. 

A granitic composition for Venus tessera terrain 
would constrain our understanding of the inventory 
and history of water on the planet and may likely re-
quire subduction for formation.  Dating granitic rocks 
would place the water inventory in a temporal context. 

Strategies for Geochemical Measurement of 
Tesserae:  

Landing Site Selection. Although craters constrain 
the the most recent tessera deformation to ~ the mean 
surface age of the planet, there may be variability in 
the relative ages of domains within tessera terrain. 
Tessera terrain includes a variety of structural fabrics, 
which have been classified and interpreted by a num-
ber of workers [5, 35, 36].  For example, the central 
regions of several large tessera plateaus exhibits a fab-
ric with numerous structures oriented ~ orthogonally.  
Plateau margins typically exhibit margin-parallel struc-
tures (commonly folds). The several models proposed 
for tessera formation predict different stratigraphic 
relationships between these central and marginal facies 
[5, 35, 36].  Mapping of Ovda and Tellus Regio iden-
tify multipe tessera domains that are interpreted to 
have assembled together during a collisional event [37, 
38]. In the case of Tellus, it appears that plains materi-
als are deformed and incoprated into the tessera [38].  
Detailed stratgraphic mapping of tesserae is necessary 
for judicious landing site selection, particularly if the 
goal is to access the oldest and most silicic materials.   

Reflectance Spectroscopy.  Several workers have 
utilized the atmospheric window at 1 micron to meas-
ure surface emissivity from orbit [e.g., 33, 39].  A dif-
ficulty with this measurement is the proper accounting 
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of the Venus cloud structure and composition. Meas-
urements of 1 micron emissivity from balloon would 
likely constrain this problem.  Such data can theorecti-
cally be used to measure differences in mineral emis-
sivity that is related to composition [e.g., 33].   

Any measurements of surface reflectance from or-
bit to ground require a good understanding of the 
weathered surface of Venus, where atmospheric sur-
face interactions are predicted to produce a wide vari-
ety of (anhydrous) metamorphosed compositions [e.g., 
40], which may be occurring in an oxidizing environ-
ment [41].  The high temperatures at the Venus surface 
are also predicted to cause  spectral absorptions to 
broaden and shift toward longer wavelengths.  It re-
mains to be seen if materials that have discernable 
emissivities in current spectral libraries would main-
tain their spectral contrast in the Venus environment. 

In Situ Measurements.  Weathering rates and prod-
ucts are also essential to both our ability to interpret 
Venus geochemical data collected in situ and as a con-
straint on mission design (e.g., requirements for drill-
ing). Laboratory chemical weathering rates can be es-
timated for specific mineral systems [e.g. 40].  Physi-
cal weathering rates of basalt surfaces are estimated to 
be ~10-3 µm yr-1 [42], yielding a 30-50 cm regolith 
over 300- 500 Ma.  SAR backscatter data liken some 
tessera surfaces to terrestrial a’a flows [43]. 

Sample Return.  Sample return from Venus is criti-
cal to placing the planet in its geochemical context 
within the solar system and is likely required for ra-
diometric age dating (for systems that are closed at 
Venus surface temperatures, e.g., U/Pb, Rb/Sr, Sm/Nd, 
NOT K/Ar).  Because of their stratigraphic position, 
tessera are the most likely surface materials to include 
ancient (Ga) rocks.  It is possible that the tessera are 
themselves ancient, and preserved through time as 
suggested by [34].  It is also possible that the tesserae 
contain ancient minerals that have survived deforma-
tion and metamorphism.  This is the case on Earth, 
where Pre-Cambrian zircons (ZrSiO4) persist in rocks 
of various ages.  As in the terrestrial case, analysie of 
Venus zircons would critically constrain our under-
standing of the history of water on the planet.  For 
Earth, Eiler [44] has shown that the interaction of 
rocks with water at low temperatures results in ele-
vated d18O values that contribute to elevated d18O val-
ues of granites that incorporate these water-rich rocks.  
Zircons from these granites retain this heavy oxygen 
signature and have been used to support the existence 
of continental crust, oceans and plate recycling in the 
Hadean [45].  Analyses of minerals trapped in zircons 
may also constrain the heat flow during the Hadean 
[46].  Estimates of the # of zircons in a given volume 
of rock may constrain sample return volumes;  if 100 

grams of sample should yield 100s of zircons, even for 
basalt --> 30 cm3 drill core. 

Conclusion:  Tesserae are the oldest materials ex-
posed on the surface and are the best candidates for 
containing ancient (Ga) rocks and for comprising 
evolved compositions.  Tessera plateaus may contain 
regions of varying age, which can be constrained by 
geologic mapping.  Surafce composition may be as-
sessed via remote or in situ spectroscopy and by direct 
measurement from a lander or vis sample return.  The 
interpretation of in situ analyses require a better under-
standing of the expected weathering products at the 
surface of Venus and may constrain sampling strategy.  
Tessera roughness will constrain landing site safety 
and sample access.  Sampel return is critical for age 
dating and for detailed analyses that can constrain the 
history of water and nature of tectonism on Venus 
through time.  I recommend that we consider the col-
lection and preservation of zircons as a high priority 
for sample return. 
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