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Introduction: Earth’s only record of its early 

evolution (Archean terrain) is dismembered and 
disrupted due to plate tectonics and eroded and 
buried due to hydrologic processes. Venus, lack-
ing both plate tectonics and a hydrologic cycle, 
might preserve a rare record of ancient terrestrial 
processes.  Ribbon tessera terrain (rtt), character-
ized by a distinctive tectonic fabric [1,2], repre-
sents the oldest locally exposed unit across Ve-
nus’ surface [3]; thermal modeling indicates that 
rtt formed under environmental conditions quite 
different than contemporary Venus [4,5]. Thus rtt 
records a unique, and ancient, era of Venus evolu-
tion. A global geologic map of rtt outcrops and 
structural fabrics provides a picture of this era, 
and provides clues to Venus’ evolution. Geologic 
relations are difficult to reconcile with hypotheses 
that expose catastrophic resurfacing of Venus. 
The results of our mapping indicate that Venus 
preserves an incredible record of early terrestrial 
planet evolution processes. 

Ribbon tessera terrain. Ribbon tessera ter-
rain (rtt), characterized by generally orthogonal 
ribbons and folds [1,2] constitutes Venus’ locally 
oldest surface unit [3], although diverse tesserae 
could have different ages [2,6]. Tessera terrain—
marked by these distinctive tectonic structures, 
elevated topography, and high surface rough-
ness—characterize crustal plateaus, but also occur 
as lowland inliers, interpreted as remnants of col-
lapsed crustal plateaus [7-12]. Ribbon tessera fab-
ric includes long to short-wavelength folds and 
orthogonal ribbons and graben. Folds record layer 
shortening; ribbons and graben record layer ex-
tension [1,2,6,9,13]. Locally, volcanic deposits 
flood structural lows within tessera fabric. Al-
though debate exists as to whether folds domi-
nantly pre- or post-date ribbons, most workers 
agree that: a) fold and ribbon formation broadly 
overlapped in time, b) graben formed late, and c) 
volcanic activity accompanied tessera fabric for-
mation [2, 9-10, 13-15]. Ribbons represent brittle 
extensional structures in which spacing reflects 
the depth to a brittle-ductile transition [1,2]. 
Thermal modeling indicates that ribbon fabric 

formation requires an extremely high thermal 
gradient [13,15]. The regular spacing of ribbons 
across millions of km2 [16-17] implies a thermal 
control for the base of the upper strong layer cor-
responding to a regional brittle–ductile transition 
depth [2,14-15]. Calculated heat flow values for 
ribbon formation requires values similar to terres-
trial mid-ocean ridges; additionally, the estimated 
depth to the crustal solidus requires either ex-
tremely thin crust, or a crustal magma reservoir 
across the area of ribbon tessera terrain formation 
[15]. Thus, ribbon tessera terrain record regional 
environmental conditions during an ancient era on 
Venus, an era quite different than contemporary 
Venus. 

Global map of ribbon tessera. We con-
structed a global geologic map of rtt delineating 
unit exposures and structural trends of ribbon and 
fold fabrics, of individual georeferenced USGS 
VMap quadrangles (VMaps 1-61; V-62 is cur-
rently unavailable), using both SAR and synthetic 
stereo images (created using macros by D.A. 
Young), each view in both normal and inverted 
modes. Data are manipulated and projected using 
ArcGIStm and ArcGlobetm which allow us to: de-
termine isopach surfaces, calculate areas of rtt 
exposures and various burial depths, and to view 
spatial relations in global data projection resolv-
ing cartographic issues that greatly hamper spatial 
analysis of globally extensive units and tectonic 
patterns. 

Unit rtt is exposed across ~54 million km2, or 
about 12% of the surface, with unequal distribu-
tion. The north and south hemisphere host 28.4 
and 23.2 million km2, respectively, or 6.7 and 
5.1% globally; however, the east (centered at 
90E) and west hemisphere (centered at 180E) host 
37.8 and 13.8 million km2, respectively, or 8.8 
and 3.1% globally. Continuity of structural trends 
between adjacent rtt inliers is consistent with the 
interpretation that ribbon tessera lies buried be-
tween adjacent inliers [10,18]; ~30% of Venus 
has rtt exposed at the surface or lying buried 
>0.75 km (herein considered shallowly buried rtt).  
Only 53% of the surface could lie buried deeper 

2064.pdf40th Lunar and Planetary Science Conference (2009)



than 1-km (minimum depth of burial called for in 
catastrophic volcanic resurfacing hypotheses in 
order to completely obliterate impact craters [e.g., 
19-23]. The spatial distribution of the burial areas 
area also unevenly distributed by hemisphere. 
Roughly 48% of the northern hemisphere lies bur-
ied >1km, compared to 60% of the southern 
hemisphere; 46% of the eastern hemisphere lies 
beneath >1 km cover, compared to 61% of the 
western hemisphere. These numbers do not tell 
the whole story. Large areas (>7x106 km2) lacking 
rtt exposures are rare, and occur dominantly in the 
southern hemisphere from ~90-240E. 

Exposures of rtt and shallowly buried rtt show 
no coherent pattern with respect to global average 
model surface (AMSA) provinces defined by im-
pact crater morphology and crater density [24-
25], nor do they show strong spatial correlation 
with global topography.  Although large tracts of 
rtt lie at high elevations (as expected given rtt 
characterizes crustal plateaus), rtt exposures are 
well represented across several lowland regions, 
as well as within highland and mesoland regions 
away from crustal plateaus. Incredible continuity 
of structural trends between adjacent outcrops, 
across millions of km2 allows for the reconstruc-
tion of geologic patterns in the same way terres-
trial geologists extrapolate geologic relations be-
tween isolated outcrops, or exposures of crystal-
line basement surrounded by younger strata. 

Several examples of regional exposure of rtt, 
ranging from lowland (A), lowland-volcanic rise 
transition (B), volcanic rises (C), mesoland (D), 
and single planitia basins (E) illustrate the diverse 
record of evolutionary processes preserved on 
Venus’ surface. Areas B-D lie within the interme-
diate AMSA, whereas areas A and E lie within 
the old and young AMSA, respectively.  In each 
case, local geologic relations indicate that rtt 
formed prior to regional topography, and the out-
crop and fabric patterns are inconsistent with rtt 
burial by near global catastrophic volcanic flood-
ing. Additionally, in each case the preserved rtt 
patterns could not exist if these areas had experi-
enced hypothesized catastrophic subduction proc-
esses [e.g., 26-28], as the extensive regional pat-
terns would simply have been destroyed. 

Geologic relations that emerge from the global 
rtt geologic map indicates that several different 
mechanisms—which likely operated at a range of 
scales and occurred through geologic time—

contributed to the current distribution of rtt. The 
spatial scale of the various resurfacing mecha-
nisms or events was significantly less than 10-20 
million km2, the area required for statistical reso-
lution [29. Phillips, 1993]; a range of spatial 
scales is likely. 

Our ability to understand ancient processes of 
terrstrail planet evolution rely on the record of 
such processes, and our ability to access such re-
cords. Earth preserves only snippets of its ancient 
history, whereas any record of Mars early dy-
namic history has been battered by bolides or lies 
buried beneath the surface. In strong contrast, 
Venus, protected from bolides by a dense atmo-
phere, and lacking both endogenic plate tectonic 
processes and an exogenic hydrologic cycle, 
seems to preserve a rich and rare record of early 
terrestrial planet processes. We have much to gain 
from renewed careful study of the incredibly geo-
logic history of Venus that can be gleaned from 
global NASA Magellan data. 
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