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INTRODUCTION. The stratigraphic position and age of volcanic features on Venus is important to the determination of 
absolute and relative ages of the surface, the assessment of the global magmatic history, and tests of models of global 
stratigraphy and resurfacing events. Large shield volcanoes are an obvious choice for attempts to determine crater 
ages because they are large enough that the total area of large shield volcanoes may not be trivial in terms of crater 
age estimates, and they are large enough that some reliable stratigraphic relations may be determined with 
surrounding craters, plains, ridges, fractures and related deformation. An additional supposition is that they appear 
frequently to be stratigraphically young and should provide an estimate of the time elapsed since the proposed period 
of enhanced global resurfacing [I]. A separate issue is the timing of large volcano emplacement with respect to 
tectonic characteristics, particularly rifts, fracture belts, and plains type ridge deformation that may have taken place 
subsequent to resurfacing events. Several estimates of the collective crater age of large shield volcanoes and related 
volcanic features have been made [2]. Ideally, these characteristics together with an estimate of the total area of the 
population of large volcanoes should provide a collective age for the population as a whole either with respect to 
resurfacing or global and local tectonic characteristics. 

A number of issues remain unresolved. Because a detailed individual assessment of the geologic 
characteristics of large volcanoes in our data base [4] has as yet to be completed, including documentation of the 
diversity of their stratigraphic behavior, efforts to determine crater ages, while extremely valuable, are preliminary 
and should be used with consideration given to some of the obvious, as well as less obvious, complications. In the 
following we discuss briefly the results of preliminary global geologic mapping of large shield volcanoes, and review 
some characteristics that illustrate the variety of ways in which large shield volcanoes are subject to interaction with 
differing types of geologic and structural features. 
STRATIGRAPHIC RELATIONSHIPS. Four fundamental tectonic and geologic features are identified with which large 
volcanoes stratigraphically interact in an identifiable manner: (1) extensional fractures, (2) ridges, (3) impact craters, 
including ejecta, and (4) surrounding plains, including external lava flows. Of the nine classes of large edifices 
previously identified [3] many are associated with complex structural patterns that further complicate the issue of 
stratigraphy owing to the inability to define in detail when tectonic processes have operated as opposed to local 
magmatic processes. About 19% of the total population are associated with coronae (Type IX), which are frequently 
situated on regional fracture networks or are the site of radiating fracture patterns. Approximately 30% are identified 
as simple volcanoes (Type I) free of regional tectonic characteristics (Fig. 1) and may be reliably located with 
respect to regional plains and impact craters. An additional 12% are rift-related (Type VII). Only a few percent of the 
population are included in each of the remaining classes. 

Extensional fractures: In a few cases volcanoes appear to either pre-date a set of through-going (rift) fractures 
(Fig. 2) or post-date most of the fractures (Fig. 3). More frequently the stratigraphic relationship is complicated where 
large volcanoes have formed simultaneously with regional and local fractures. Regional fractures include the network 
of fractures associated with coronae, arachnoids, stellate f~acture centers, sets of plains fractures, fracture belts, and 
rift zones. Local fractures include those associated with local magma reservoir evolution and surface deformation. 
Fractures that trend through the center of an edifice are themselves misleading as to whether the regional fractures 
have cut the edifice or whether the fissure patterns that normally develop in an edifice have occupied existing stress 
directions because dike propagation at individual centers follow existing patterns of stress. Only in rare cases where no 
lava flows have been emplaced over existing structural trends or where regional fractures are totally inundated by 
local edifice flows can the stratigraphic relationship with regional fractures be estimated with reasonable confidence. 

Ridge type features: Wrinkle ridges appear to be attenuated near the centers of many edifices, and it is 
unclear whether the ridges are diverted as a result of the mechanical characteristics of the local volcanic pile, or 
whether the central parts of these edifices are younger than ridging events. A few large shield volcanoes appear to 
clearly pre-date ridged plains. The relationship with fracture patterns and ridge patterns are complicated by diversion 
of lava flows along areas between graben and ridges, although relationships may be locally apparent (Fig. 4). The 
apparent source of Baltis Vallis (Fig. 5) is another example of a large volcano that pre-dates regional plains ridges. 

Impact craters: The relationship to impact craters is subject to many potential confusions. Reliable indicators 
appear to be where there is overlap of dark haloes, diversion of ejecta flow patterns away from edifice flanks (Fig. 6), 
and interruption of individual lava flow lobes. In the absence of these indicators, the relationship is more often than 
not equivocal and require exmemely detailed inspection to resolve. 

Surrounding plains: Stratigraphic relations with large volcanoes, and corresponding difficulty in the treatment 
of impact crater populations may result from inability to identify the extent of lava flows associated with large 
volcanoes. An example is MVC351277LV (Fig. 7) where a broad apron of lava flows from this edifice would go 
undetected it not for the presence of surrounding tessera. Many intermediate volcanoes may be large volcanoes that 
are partially inundated (Fig. 8). Detection of these types of stratigraphic relation may be difficult locally. 
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Additional issues: About 14% of the total population of large edifices have distinct summit calderas (Type II ). 
Central calderas appear frequently to be unaffected by through-going fractures such that they appear to post-date both 
the regional structural and local edifice fractures. As a result, caldera collapse, and hence activity at an individual 
large volcanoes, appears to be the youngest event in a volcano that might otherwise appear to unequivocally pre-date 
fracture belts (Fig. 9). 
DISCUSSION. From mapping of the population of large shield volcanoes on Venus, we have documented a wide range 
of stratigraphic positions with respect to regional and local extensional fractures, ridges, ridged plains, and impact 
craters. Although many of the more obvious examples of large volcanoes have been examined in preliminary studies. 
These may be identified and are subject to study precisely because they are unusually large and well-preserved, and 
hence, relatively young. Detection of these stratigraphic relationships is not always straightforward in the lessor 
studied examples and a large population of more obscure large volcanoes remains. As a result, the assessment of the 
collective stratigraphic and crater ages of volcanoes could potentially be biased in favor of younger, "classic" large 
shield volcanoes, particularly those on large volcanic rises. Estimates of the stratigraphic position of individual 
edifices in relation to obvious large-scale tectonic features and surrounding plains may give a sense of the youth of 
these features, but it remains unclear whether the average ages determined thus far Surrounding plains: Stratigraphic 
relations with large volcanoes, and corresponding difficulty in the treatment of impact crater populations may result 
from inability to identify the extent of lava flows associated with large 
volcanoes. An example is MVC351277LV (Fig. 7) where a broad apron of lava flows from this edifice would go relate 
to the population at large in an adequately documented manner. 
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