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BASINS IN TESSERAE AND PLAINS ON VENUS: ASSESSMENT OF ORIGIN 
THROUGH PROCESSES OF CRUSTAL AND DEPLETED MANTLE LAYER LOSS; James W. 
Head, I11 and E. M. Parmentier, Department of Geological Sciences, Brown University, Providence, RI 02912 USA 

ABSTRACT. Lava-filled basins at a wide range of scales and in several different tectonic and geologic 
environments have been revealed by regional geologic mapping of Venus. Intratessera Basins (50-200 km in diameter 
and found in most tessera occurrences, postdating tessera formation) and Plains Basins (500-1000 km in diameter and 
ubiquitous in the lowlands, synchronous with or just postdating tessera) are described and analyzed in terms of the 
predictions for crustal and upper mantle behavior during the development of instabilities formed during and following 
the depleted mantle layer foundering. 

INTRODUCTION. A detailed mapping analysis [I] complemented by regional mapping [2] has revealed 
the presence of lava-filled basin-like structures at a wide range of scales and in several different tectonic and geologic 
environments that were not classified and discussed in detail in earlier global studies [3,4]. In this analysis the nature 
and mode of occurrence of these basins is described in more detail and of the several interpretations for their origin, 
models of crustal and depleted mantle layer instability are considered and assessed in more detail. 

DESCRIPTION. Three types of basins were previously identified [I]: Intratessera Basins (50-200 km in 
diameter and found in most tessera occurrences, postdating tessera formation); Plains Basins (500-1000 km in 
diameter and ubiquitous in the lowlands, synchronous with or just postdating tessera formation); Upland Basins 
(300-450 km in diameter and found on the margins of Ishtar Terra). Here we focus on the first two. Intratessera 
Basins: These basins are circular to elongate in shape (Fig. I), and are hundreds of meters to over a km in depth. 
Boundaries of the basins generally cut across the tessera fabric and thus postdate its formation. Basins are filled with 
volcanic plains often with several distinguishable units, and plains surfaces are often populated by small shield 
volcanoes, all less than about 20 krn diameter. Circumferential fractures, graben, and wrinkle ridges are observed in 
the plains (Fig. 1) and plains surfaces are commonly depressed and deformed by a network of wrinkle ridges. No 
large volcanic edifices are seen. Intratessera basins are distinguished from many other occurrences of intratessera 
plains which are local low areas, but do not have this combination of structures. The basins seen in Tellus Regio 
(42N, 89.5) (Fig. 1) are typical of many intratessera basins; this particular example occurs on the regionally highest 
part of the tessera. On the basis of their associated structures and interpreted stratigraphic sequence, these features 
appear to form by disruption of preexisting tessera terrain, downsagging and circumferential deformation, volcanic 
flooding, continued subsidence, deformation and flooding. Plains Basins: In contrast to intratessera basins, plains 
basins are much larger, display a wide range of sizes, are more diverse, often more subtle, and very widespread; their 
diversity suggests that they may form from several different processes. Outlines of topographic contours show the 
basin-like nature at a variety of scales over much of the topography of the plains on Venus (Fig. 2). Three basins 
just NW of Alpha are 500-600 km in diameter, irregular in shape, and have their margins defined by complex narrow 
(typically 25-100 km wide) bands of terrain standing slightly higher than adjacent plains and exhibiting both 
compressional (wrinkle ridge) and extensional (graben) deformation; these basins share common boundaries and also 
show evidence for superposition. The basins are filled with volcanic plains, which in turn have subsided and been 
deformed by wrinkle-ridge networks. Similar types of structures in the 400600 krn diameter range are seen E of 
Tellus Regio (35-60N), and to the N and S of Ovda Regio. Examination of Fig. 2 reveals abundant evidence for 
similar features; shapes range from circular to kidney shaped and occasionally somewhat rectangular and sizes range 
from the 400-600 km diameter seen immediately adjacent to tessera, to over 1000 km for less well-defined structures 
seen in intervening plains regions. 

DISCUSSION & INTERPRETATION. We are considering a variety of possible origins for 
intratessera basins (e.g., tectonic deformation, hot spot, thermal evolution, phase changes) and for plains basins 
(e.g., volcanic loading, thermal evolution, mantle convection, plate-tectonics, depleted mantle evolution) and 
assessing them in the context of models for the geologic history [2] and overall evolution of Venus [see summaries 
in 2,5]. Here we assess a model for the general evolution of the crust and residual depleted mantle layer [6]. On one- 
plate planets crust derived from partial melting of the mantle accretes vertically, leaving a residual depleted mantle 
layer (DML); thermal evolution models for Venus indicate that basaltic production rates are high enough so that the 
crustal thicknesses are limited by the basalt-eclogite transition. Large crustal thicknesses result in the conversion of 
the crustal root to eclogite [7] and subsequent Rayleigh-Taylor instability depending on thermal structure, layer 
thickness, reaction rates, and strain rates [8-101. Models for the evolution of the DML [6] suggest that it will grow 
to thicknesses of about 200 km at which time the combined thermal and chemical buoyancy forces will become 
negative and result in the development of instabilities and foundering (by diapiric instability or delamination) of the 
layer. Thus, at the time of foundering of the DML, subsidence and loss of portions of the depleted mantle layer and 
significant deformation (thinning and thickening) and possible loss of the overlying crustal layer, are predicted [6, 
111. Scales and spacings of crustal and DML instabilities are predicted to be about a factor of six greater than the 
layer thickness; thus, DML scales will be considerably in excess of those associated with crustal instabilities 
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associated with the basalt-eclogite transition. Do these basins fit the scales and sequence associated with this 
scenario? First, intratessera basins (Fig. 1) formed after tessera and are smaller than plains basins. Tessera formation 
has been interpreted to be the result of active tectonic crustal shortening and thickening processes [4,5]; such events 
should cause the descent of basaltic crust to depths favoring eclogite formation. In these cases, dynamic thickening 
processes could rapidly place the deepest basaltic crust within the eclogite stability field and shortly thereafter, 
density inversion, formation of negative diapirs, and surface deformation and flooding could occur, as mantle ascended 
into the negative diapir scar and underwent pressure-release melting; thermal equilibration of these regions caused 
final subsidence and deformation of the plains surface (Fig. 3). Larger plains basins (500-1000 krn in diameter and 
ubiquitous in the lowlands) are in the size range and temporal setting (equivalent to and just postdating tessera) 
consistent with them being the surface manifestation of instabilities associated with foundering of the DML. 
Negative diapirs of DML cause local crustal thickening (Fig. 4); upwelling of fertile mantle occurs in adjacent 
complementary areas causing pressure release melting and flooding. Following this, subsidence due to isostatic 
adjustment of thinned crust and thermal decay of hot mantle occurs, causing wrinkle ridging of the emplaced plains 
and final subsidence of plains basins. On the basis of observations and predictions of the DML foundering model [6] 
the formation of intratessera and plains basins could have formed by this mechanism. We are presently completing 
mapping of the population of these basins and are refining theoretical and modelling treatments of the development 
of instabilities and their interactions. In addition, we are testing other models (described above) for the origin of 
these basins, both individually and separately. 
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Fig. 1. Sketch map of Tellus Regio intratessera basin. Fig. 4. Interpreted formation of plains basins. 

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


