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Voyager 2 images of Triton, Neptune's largest satellite, revealed an icy moon with a variety 
of geologic features, including an impressive set of global-scale lineaments. Lineaments reflect the 
stress field on the crust at the time of their formation, preserving a record of global-scale 
processes. In our study, we have mapped the orientations and morphology of the lineaments to 
deternline the stresses that caused them and to match them to theoretically predicted stress fields. 
The morphology and patterns of lineaments evades simple explanation. Through modeling of 
global stresses and morphological characterization, we shall attempt to place additional constraints 
on the history of Triton. 

Because of Triton's retrograde orbit, it is believed to be a captured satellite [ l ]  [2]. The initial 
highly irregular orbit was circularized within a short span of time after capture [3]. Triton was 
probably also despun during this time. These radical orbital changes produced a lot of heat within 
Triton, enough heat over a small enough time, some calculations say, to melt most of the planet 
[4]. Triton's heavily modified surface shows a very sparse distribution of craters [5] ,  indicating 
that the surface is extremely young (<I Gyr). Therefore, the lineaments we observe today must 
have also been formed recently and do not reflect stresses from the capture era. In this study, we 
explore three plausible mechanisms that could account for the formation of global-scale lineaments: 
change in the tidal figure, nonsynchronous rotation, and change in planetary radius. 

As Triton's orbit decays, the spin rate increases and the tidal a axis lengthens, creating 
stresses on the crust [6,7]. In the case of nonsynchronous rotation, the surface of the satellite is 
rotating slowly with respect to the a axis as a result of possible nonzero tidal torque [8], also 
placing stress on the crust as it adjusts to the changing shape of the surface. As a planet heats or 
cools, phase changes in its interior result in global volume changes which will stretch or compress 
the crust. Lineaments from planetary contraction or expansion should not have any preferred 
orientation. These general mechanisms don't necessarily work alone, however, and a combination 
of these predicted stress patterns may actually be manifested as lineaments on the surface. 

OBSERVATIONS 
Several distinct lineament types were identified, but two types are significant on a global 

scale: multi-ridge structures and lineated terrain. Multi-ridge structures, or 'sulci', are usually 10 
km or so wide and can be thousands of kilometers long. They are composed of sets of 2-8 nearly 
parallel ridges trending along the lineament, with elevations on the order of a few hundred meters 
[9]. The other major lineament type is lineated terrain, which is characterized by short, nanow, 
parallel, and evenly spaced fractures or ridges. They occur over a wide area of the planet, but are 
generally concentrated in small regions, or 'packets', modifying the underlying terrain. 

A few stratigraphic relationships can be resolved in the northern hemisphere. The cantaloupe 
terrain in the west seems to be one of the oldest units, followed by the sulci that cross it. These are 
both modified by the lineated terrain and all three of these units are embayed by the young volcanic 
terrain that covers most of the eastern section of Triton. In many cases, the intersections of 
individual sulci cannot be stratigraphically resolved, since some of them 'interweave' with each 
other. This suggests that some sulci formed concurrently. 

The Voyager team initial reports [lo] suggested that Triton's global lineanlent system was 
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tensional in nature. They suggested that sulci are raised-rim graben into which some sort of 
viscous cryovolcanic material had been extruded. This does not explain the detailed lineament 
morphology. The relationships between the ridges can be complex in many areas, the middle ridge 
curving out to become the outer ridge, complex overlapping of crossing ridge sets, or sets of 
discontinuous diagonal ridges making up lineaments without outer boundary ridges. 

Sulci morphology resembles the lineated fabric of three types of terrestrial features: fold 
belts, dyke swarms, and systems of strike-slip faults. The shape, elevation, and discontinuous 
nature of the ridges, the flattening of adjacent features, and the apparent amplification of 
intersecting ridges favor compressional folding. However, the seemingly concurrent formation of 
sulci at high intersection angles may make this less likely. The general pattern of ridges and 
discontinuities favor intrusive (and extensional) dyke swarms, but evidence for concurrent 
volcanism is rare. The narrow widths of the sulci and a tendency for ridges to occasionally exhibit 
a feather pattern tend to favor a shear mechanism, but do not explain the surface manifestation of 
ridges. At present, interpretation of these features is ambiguous, but their origins are not simple. 

Structures within mapped areas of lineated terrain are preferentially oriented at N60W and 
N30E over a range of longitudes from 75OW to 50°E. These orientations do not fit any simple 
global stress model. Analysis of the orientations of sulci shows a weak tendency for both 
concentric and radial symmetry about the tidal axis, but we are handicapped by the limited Voyager 
coverage and the small number of sulci. Ongoing analyses include comparisons of sulci 
orientations to predicted stress fields from tidal distortion and nonsynchronous rotation models, 
particularly during periods of global expansion or contraction. 

CONCLUSIONS 
Global expansion or contraction may well have played a part in Triton's history, depending 

on the composition of the icy mantle and the planet's thermal history. Triton's decaying orbit 
indicates that there is a growing tidal bulge and a rotational spin-up deforming its shape. It is 
perhaps less likely that nonsynchronous rotation played a part in the planet's history. The 
morphological evidence is at present ambiguous regarding whether the stresses were tensional or 
con~pressional. However, it seems that the sulci may be related to tidal deformation and the 
lineated terrain may be related to a process such as spin-up that is symmetric about the rotational 
pole. The lineated terrain may also be related to global expansion, due to the terrain's usual 
appearance as narrow, evenly spaced fractures, its occurrence in a range of longitudes, and its 
superposition on many other types of terrain. 
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