
LPSC X I X  581 

T H E  GEOLOGY O F  ARIEL, I: TRANS-TENSIONAL BLOCK TECTONICS,  J.S. 
Kargel, Department of Planetary Sciences, U. of Arizona, Tucson, AZ 85721. 

The Voyager 2 spacecraft observations of the Uranian satellite Ariel revealed a striking display of past 
geological activity on this object. Smith e t  al. ( I ) ,  Plescia (2), and Ruzicka (3) describe extensive modi- 
fications to the surface including extensional tectonic movements of large fault blocks and the widespread 
deposition of thick volcanic flows. This work summarises the evidence favoring a more complex tectonic 
style than previously considered, including large trans-tensional (combined extensional and translational) 
movements of major crustal blocks. 

Figure 1 shows a region of Ariel dominated by a fault-block terrain. This terrain displays several 
peculiarities that one would not normally expect to encounter in a terrain that has been broken simply by 
large-scale extension. Two prominent pairs of fault blocks meet at their corners; the outward-facing fault 
scarps that form these blocks suddenly reverse their direction of dip when these faults meet at the corners 
of the blocks; good analogs to this situation on the terrestrial planets in purely extensional terrains are 
exceedingly uncommon. However, this situation is ubiquitous on the tectonically disrupted terrestrial mid- 
ocean ridges where the extensional rift axes and associated normal faults and graben are cut by strike-slip 
(transform type) faults associated with crustal spreading. 

Another unusual tectonic phenomenon on Ariel is the occurrence of medial striations or ridge-bounded 
central rifts along the axes of the smooth-floored canyons (Figure 1); Smith e t  al. (1) considered the possibilty 
that these features formed by the injection of magma or ice along the axes of the valleys; indeed, the medial 
ridge/g-oove structures and their relationships to the re-surfaced valley floors and adjacent uplands closely 
resemble the terrestrial mid-ocean ridges. 

The graben marked by an arrow in Figure 1 (Kra Chasma) can be traced toward the rough, unflooded 
floor of a major rift valley (Komgan Chasma) where it bends sharply onto the floor of the rift and then again 
bends sharply to continue on the upland fault block on the opposing side of Korrigan Chasma. Kra Chasma 
could have formed after Korrigan Chasma under some highly unusual regional stress regime; however, a more 
likely scenario would have Kra Chasma form &-st as a single linear extensional graben, followed by the trans- 
tensional shearing and formation of Korrigan Chasma and the deformation of Kra Chasma. The morphology 
of the unusual scalloped or fractured walls of Korrigan Chasma supports the strike-slip interpretation; the 
gouges in the canyon walls resemble the secondary shears and tear faults that commonly occur along major 
strike-slip fault zones on Earth such as the San Andreas (California) and New Zealand Alpine fault zones. 

The commonly sharply raised rims of many of the canyons on Ariel are similar to the structurally raised 
rims of young terrestrial rifts such as the Red Sea, the East African Rifts, and the Gulf of California. The 
raised terrestrial rift rims form during a pre-rift phase of thermal swelling. 

Figure 2 shows a proposed block reconstruction in the area shown in Figure 1. The unusual reversals of 
fault dip directions in Figure 1 are replaced in Figure 2 by nnormaln graben which represent the extensional 
component of these trans-tensional faults. Also, three graben including Kra Chasma that cut three different 
tectonic blocks in Figure 1 become united into a single graben as these blocks are re-constructed. The 
strike-slip displacement along the Korrigan Rift measures 55 (f 5) km as required to slide the tectonic blocks 
back together; movement measures 60 (k6) km based on the displacement of Kra Chasma on the opposing 
sides of the Korrigan Rift. Other proposed translational fault movements have similar magnitudes. 

If the above interpretation of Ariel's block tectonics is correct, then it implies that convective motions in 
the interior of Ariel were capable of translating lithospheric blocks for great distances. As such, it appears that 
Ariel's tectonics were quite analogous to aspects of terrestrial plate tectonics, particularly where continental 
rifting and early stage ocean basin genesis is concerned. The analogy is by no means complete; in particular, 
there is no definitive evidence for convergent tectonics (folding, overthrusting, or subduction); however, only 
two-fifths of the surface has been mapped. 
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Fiwre 1. Fault-block terrain and volcanic flow units on Ariel. 

Figure 2. Re-constructed fault-block terrain. 
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