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MULTI-STAGE TECTONIC EVOLUTION OF EASTERN ISHTAR TERRA, VENUS. R.W. 
Vorder Bruegge and J.W. Head, Dept. of Geo. Sci., Brown Univ., Providence, RI 02912. 

Introduction: Previous analyses have established the compressional nature of the Maxwell Montes mountain 
range [ l a ]  and the adjacent high plateau of western Fortuna Tessera [6-101 on Venus. This compression has been 
interpreted as resulting from WSW-directed convergence of crustal materials accompanied by crustal thickening, and 
involving small-scale folding and buckling [5-101. In order to integrate these findings with the surrounding areas, 
this study has been extended to include all of Fortuna Tessera. From this analysis a scenario has been constructed 
describing the tectonic evolution of the entire eastern half of the Ishtar Terra highland region. 

Observations: Ridgelvalley pairs, individual troughs, and large-scale scarps have been mapped in Eastern 
Ishtar Terra (Figure 1). Three distinctive regions have been identified from analysis of these features: 1) Maxwell 
Montes and western Fortuna Tessera, which is dominated by NNW-trending ridge/valley pairs; 2) Central and 
Northern Fortuna Tessera, which is dominated by both large, WNW-trending scarps and WNW-trending ridgelvalley 
pairs, which gradually change to NNW-trends in easternmost Fortuna; and 3) Southeastern Fortuna Tessera, which is 
characterized by a complex pattern of intersecting ridges, valleys, and troughs. The topography of these regions is 
shown in Figure Id. In both Maxwell/western Fortuna and northern Fortuna, the ridgelvalley pairs approximately 
parallel the topographic contours along gradual slopes to the east and north, respectively. Northcrn Fortuna, 
however, is also characterized by steep, NNE-facing topographic scarps with up to 2 km of relief. Finally, the 
topography of southeastern Fortuna is a broad, NW-trending arch. Unlike the other two regions, ridges here do not 
parallel the topographic contours, but NW-trending troughs parallel the crest of the topographic arch. 

Interpretations: We examine the relationship between morphology and topography in these regions as an aid 
in interpreting their tectonic evolution. A correlation between large-scale topography and the tectonic fabric of 
ridges is observed in western Fortuna Tessera and is interpeted to be due to WSWdirected compressional 
deformation, accompanied by crustal convergence and thickening, resulting in the formation of Maxwell Montes and 
the high plateau to its immediate east [7,8]. The predominance of WNW-oriented ridges and large scarps in northern 
Fortuna Tessera and their correspondence to steep topography falling off to the NNE is similar to features and 
topography observed north of Freyja Montes, which has been interpreted as a region of large-scale compression, 
including flexure, buckling, and crustal imbrication [I 11. Note that the pattern of WNW-oriented ridges and scarps, 
along with the steep topographic drop off to the NNE, occurs along the entire northern flank of Eastern Ishtar Terra. 
This suggests that the entire northern flank of Eastern Ishtar Terra is undergoing SSWdirected crustal convergence 
involving large-scale crustal buckling and imbrication, with the plains areas to the north underthrusting northern 
Fortuna Tessera, as suggested for Western Ishtar Terra, north of Freyja Montes [l 11. 

The final region, southeastern Fortuna Tessera, represents a more complex picture with its range of typical 
tessera morphology of intersecting ridges and troughs [3,4,121. Bindschadlcr and Head [12] identified three subtypes 
of tessera and all three of these can be recognized in southeastern Fortuna Tessera: Sub-parallel Ridged Terrain near 
~ O ~ E T / O ~ N ;  Trough and Ridge Terrain near 65'~/69'~ and 5 1 ° ~ / 6 9 0 ~ ;  and Disrupted Terrain in the region 
40-50~~165-70%. The relationship between these subtypes is uncertain, however, we note that transitions from one 
subtype to another in this region occur gradually, as does the transition from the disrupted (tessera) terrain in 
southeastern Fortuna to the sub-parallel ridges in northern Fortuna. A similar gradual transition of morphology is 
observed from central Fortuna to Maxwell Montes [7,8,10]. In this case, the WSW-compression appears to be taking 
place at the expense of the basic tessera pattern in central Fortuna with Disrupted Terrain being modified into 
Sub-parallel Ridged Terrain [lo]. The gradual south-to-north transition from the basic tessera pattern of 
southeastern Fortuna to the sub-parallel ridges in northern Fortuna Tessera is interpreted to be due to a similar 
process in which SSW-compression in northern Fortuna occurs from the north, so that the basic disrupted tessera 
terrain is interpreted as the original fabric of these areas. The origin of this basic tessera terrain, however, is 
uncertain [13]. 

Sequence: Since both the WSW- and SSWdirected compressional events appear to have taken place at the 
expense of the basic, disrupted tessera terrain, then the formation of tessera areas is interpreted to be the first 
event. Some large WNW-trending arches and swales appear to disrupt NNW-trending ridges in northwestern Fortuna, 
indicating that the WSW-compression in western Fortuna preceded the SSW compression in northern Fortuna. This 
sequence of deformation is depicted in Figure 2. The first event was tessera formation (1). followed by 
WSWconvergence involving small-scale folding and buckling, along with crustal thickening resulting in Maxwell 
Montes and western Fortuna Tessera (2). The third event was the SSE-convergence with large-scale buckling and 
crustal imbrication in Northern Fortuna Tcsscra (3). Thus, multiple stages and directions of deformation can be 
distinguished, but the degree to which they may overlap in time is yct to be determined. 
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Figure 1. a. Sketch map of individual ridge segments in Eastern Ishtar Terra. b. Map of ridge groupings with 
similar orientations. c. Sketch map showing troughs and scarps. d. Topographic map of Eastern Ishtar Terra from 
Venera 15/16. Figure 2. Sequence of deformation in Eastern Fortuna Tessera. Arrows indicate convergcnce or 
extension, numbers indicate seauence of evcnts with 1 first, 2 second, etc. EASTERN ISHTAR TERRA 

EASTERN ISHTAR TERRA 

Ridge Orientations - (Generalized) 
500 krn - 

500 krn ... . . .  

EASTERN ISHTAR TERRA 

2 Altitude (km) 

1 -Rdw TectMic Events 

IQwmUzed) m m  

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


