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Introduction:  Venus tessera terrain is character-

ized by two or more sets of intersecting structures that 
result in high radar backscatter [1,2].  Tessera terrain 
comprises ~8% of the Venus surface and occurs as 
large (1000s km across) plateaus (1-4 km above mean 
planetary radius) and small outcrops (<100 km across) 
at plains elevations [3].  The tesserae are generally 
embayed by plains materials, but yield crater ages of 1 
– 1.4X the average surface age of the planet of ~800 
Ma [1, 3-9].  Thus tesserae are the oldest materials on 
Venus and yield unique constraints on pre-plains geo-
logic history and the plains forming event.  Goals of 
this study are to perform high resolution (~100 
m/pixel) mapping of a specific tessera highland, Tellus 
Regio, and determine the type, stratigraphy and wave-
length of structures.  These parameters are then input 
into a linearized model in order to estimate lithospheric 
properties of this highland through time. 

Geomorphic Mapping: Tellus Regio is a plateau-
shaped highland in the northern hemisphere of Venus 
that covers an area of ~2x106km2, making it the 3rd 
largest contiguous tessera highland on the planet.  Pre-
vious analyses of Tellus [10-12] have identified a 
number of geomorphic units with distinct structural 
fabrics that we also recognize in this analysis of Ma-
gellan FMAP data.  The oldest recognizable structures 
found in each unit are ridges, and units may contain 
several generations of ridges and graben.  Four units 
are visible in the SW margin of Tellus, where a fold 
belt (Fig. 1, B) consisting of plains materials lies be-
tween 3 tessera units (Fig. 1, A, C, D).  NW-trending 
ridges (and NE-trending graben) are recognized in the 
fold belt and adjacent tessera units (units A and C) and 
are attributed to contemporaneous compressional de-
formation.  The NW- trending ridges differ morpho-
logically from older fabrics preserved in the 3 regions 
of tessera terrain.  These observations support the hy-
potheses that 1) tessera fabrics can form under distinct 
strain histories, and that 2) SW Tellus was formed by 
the assembly of these preexisting fabrics and interven-
ing plains during a collisional event. 

Structural Wavelengths:  Ridge crests were iden-
tified by examining Cycle 1 and Cycle 3 left-looking 
image pairs and correlating these data to SAR charac-
teristics typical of ridges (e.g., sinuous planform, grad-
ual brightness changes across the ridge).  Ridge wave-
lengths were computed in ArcGIS by measuring dis-
tances between nearest mapped ridge crests at 10s of  

Fig. 1. FMAP image of SW Tellus Regio.  Lines in-
dicate ridge crests used to measure structural wave-
lengths.  A - “Indenter”, B – Fold belt, C – Plateau 
interior, D – SE geomorphologic unit, E – to the 
western margin.  Image subtends ~28-35°N, 75-
81°E; north is up. 

 
Fig. 2. Histogram of ridge crest to crest distances in 
SW and western Tellus Regio (SE region includes 
trough to trough distances).  Regions correspond to 
those in Fig 1. 
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points along each ridge (dots in Fig. 1).  Dominant 
wavelengths for mapped tessera regions are shown in 
Fig. 2.  

Mean fold wavelengths of the tessera interior, in-
denter and western margin ~13 km (Fig. 1 C, A, E; 
Fig. 2).  The wavelengths measured here are similar to 
those derived for the whole of Tellus Regio (n=23 
measurements) and other tessera plateaus [13, 14].  

Smaller mean wavelengths of ~ 8 km are recorded 
in the tessera of SE portion of Fig. 1 (area D) and for 
the materials of the fold belt (area B).  Shortening es-
timates for the ridge belt were calculated by comparing 
the total length along a topographic profile to distance 
on the surface using topopgraphy generated from Ma-
gellan Cycle 1 and Cycle 3 left-looking stereopairs. A 
minimum shortening is derived by assuming that the 
plate is buckling with no internal deformation.  This 
yields shortening values of <1%, similar to that re-
ported for folds in Ovda Regio [15].  

Lithosphere Modeling: To evaluate the litho-
spheric implications of fold wavelengths at Tellus Re-
gio we have implemented the linearized perturbation 
model of [16] in Matlab® following the approach of 
[17].  In this model a single dominant wavelength in-
stability develops in repsonse to layer-parallel strain of 
a relatively stiff brittle surface layer overlying a rela-
tively soft ductile substrate [e.g., 18].  The thickness of 
the brittle layer and strength profile with depth of the 
ductile layer are dependent on composition, strain rate, 
and thermal gradient.  We have taken a heuristic ap-
proach, forward modeling over likely ranges of ther-
mal gradient and strain rate to find the range of values 
that yields the observed fold wavlengths.  Strain rates 
were limited to the range of values estimated by [19].  
Based on our low strain estimates (<1%) we have not 
adjusted the observed wavelengths for finite strain 
effects.  All models used the dry Columbia diabase 
flow law of Mackwell et al. [20] (Table 1). 
Table 1.  Thermal gradient (K/km) inferred from 
perturbation modeling. 

Strain rate (s-1) Wavelength 
(km) 10-15 10-15.5 10-16 

Brittle layer 
thickness (km) 

81 73 66 59 2 
132 38 33 29 3 
203 21 19 17 5 

1regions B and D (Fig. 1), 2regions A and C, 3 conservative 
estimate [13] 

Discussion:  Systematic measurements of ridge 
wavelengths across SW Tellus Regio yield values that 
are similar over large portions of the area, consistent 
with similar lithospheric properties across this region.  
An exception to this is the folds and troughs of the 
tessera unit in the SE corner of Fig. 1, which records 
structures of a different wavelength and orientation 

than the remainder, implying a unique strain history or 
lithsopheic properties.  The ridge belt also deforms at a 
shorter wavelength than the surrounding tessera re-
gions.  These plains materials are perhaps more likely 
to comprise thinner crust, or include detachment sur-
faces that allow shallow deformation at shorter wave-
lengths.  NW-trending ridges (and NE-trending gra-
ben) across all units lie at the same stratigraphic level 
and are interpreted to result from a collisional event 
that deformed preexisting tessera and plains materials.  
Thus the formation of the oldest tessera fabric predates 
plateau formation.  SW Tellus contains a clear example 
of the incorporation of plains materials into this tessera 
plateau and requires that plains formation was occur-
ring contemporaneously with some stages of tessera 
plateau formation (uplift).  

Modeling of folds using a minimum strain criterion 
yields thermal gradients of 29-73 K/km for the range 
of observed wavelengths and reasonable strain rates 
[19].  These values greatly exceed ~ 5 K/km estimates 
for the present-day near-surface thermal gradient [e.g., 
21], and exceed the 17 K/km conservative model esti-
mate of [13] that assumed 15 km wavelength folds and 
25% strain.  Strain estimates significantly less than 
25% may be reasonable based on low amplitude to 
wavelength ratios (~1:10) of the folds in Tellus Regio.  
High thermal gradients and high surface temperatures 
may, however, permit significant distributed strain that 
is not reflected in the fold measurements.  Surface-
breaking thrust faults would also lead to unaccounted 
strain. 
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