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Extensive areas of the surface of Neptune's major icy satellite Triton have been resurfaced by volcanic 
materials. The ultimate aim of unraveling the volcanic geology of Triton is to constrain the timing, duration 
and material composition of these events. Unfortunately, the morphology and albedoes of these units are so 
complex as to almost defy description. Despite this, a great variety of volcanic types have been identified. This 
variety is unprecendented for an icy satellite, and belies a complex internal geochemistry and prolonged history 
of geologic activity. 
VOLCANIC STYLES 

The predominant volcanic units on Triton occur at low latitudes on the leading hemisphere and are 
characterized by chains of rimmed volcanic pits, volcanic caldera-like complexes and extensive smooth plains 
with minor relief. These features are clearly related to and embay linear fractures zones. This volcanic style 
resembles that seen in some continental terrestrial basaltic provinces, such as the Snake River Plains [I]. 
Flows in this region may be as wide as 80 km or more and have thicknesses of approximately 200 m or less. 
These broad flood-style flows overlap into adjacent cantaloupe terrain and partially obscure it. 

In the zone of overlap between the smooth plains and cantaloupe terrain, a variety of individual flows can be 
identified. These have distinct flow fronts and vary in planfonn from broad sheets 10-15 km across to narrow 
ribbon-like flows a few kilometers across and 20-40 km long (Fig. 1). A -1 km high mountain nearby 
resembles a breached volcanic cone. Also within this zone are at least two ring complexes, the largest being 
100x130 km across (Fig. 2). These are probably ring faults and may be related to caldera formation. Narrow 
ridges and scattered domes (c5 km across) are common along these rings, an association that resembles resurgent 
calderas in silicic volcanic provinces on Earth [2]. Within this transition zone and cantaloupe terrain itself are 
innumerable flattopped mesa-like structures (Fig. 2). The tops of these mesas have low-albedo surfaces and are 
rather lobate to arcuate in planform. These structures appear to predate the more extensive broad-type flows and 
may be volcanic in origin. A number of volcanic ridges 100's of km long cross cantaloupe terrain, as well. 
Although some of the features described resemble volcanic features seen on other icy satellites [3], no other 
satellite exhibits such a wide range of volcanic morphologies, and perhaps compositions, than does Triton. 
FLOW REIEOLOGIES AND COMPOSITIONS 

The rheology of these flows can be modeled using simple rheologic models (which are best used in a 
comparitive sense). The first is the uniform viscosity spreading model of Huppert [4]. The problem with this 
model is that the time scale of flow emplacement is unknown and must also be modeled. Following [3], I use 
the characteristic cooling time of Crisp and Baloga [5], since flows cease moving well before the diffusion time 
scale. This model also estimates the average viscosity of the flow. Following [4], I adjust the viscosity 
estimates downward 4-orders of magnitude to correct for a more rigid outer crust. The second model estimates 
the Bingham yield strength of the flow model according to Orowan [6]. 

Modeled viscosites of Triton flows are between 104 and 108 Pa-s. Modeled yield strengths are only -200 to 
3000 Pascals (0.002-0.03 bar). These compare with the stickier flows of Miranda and Ariel (Fig. 3), which 
have relatively high viscosites (108 - 1010 Pa-s) and yield strengths (2000-30000 Pascals) [3]. These values are 
consistent with the geologic interpretation that flows with a wide variety of rheologies have erupted on the 
surface of Triton. This variety could reflect a change in composition with time. Ammonia-water fluids have 
viscosities similar to molten basalt [7]. Admixtures of freezing-point depressants or a increase in the degree of 
magma crystallization during ascent can significantly increase viscosities [7]. Triton is likely to be 
geochemically evolved [e.g., 81 and petrologically complex. The rheologic behavior of these systems and 
resulting volcanic landforms could be as complex as silicate systems in the inner solar system. Few of these 
have been examined experimentally. 

Triton has clearly been resurfaced to considerable depth. An additional constraint on the crustal composition 
of Triton is preservation of extensive topography, including pristine craters, which can be used to constrain 
crustal rheology. The depth-to-diameter (d/D) ratios of simple craters on Triton average 0.12 (based on shadow 
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measurements of 11 craters), very similar to d/D ratios of simple craters on Miranda [9]. The four complex 
craters examined have depths of -1 km, 200-300 meters deeper than complex craters on Ganymede. The 
transition diameter from simple to complex craters as determined from the inflexion of the depth-diameter curve 
is -6.2 km. These are consistent with values of the other icy satellites [9], once surface gravity are taken into 
account, and consistent with a crust composed mostly of nonvolatile (under Triton conditions) ices. 

Most Triton craters are pristine and no examples of relaxed impact craters have as yet been identified. 
Assuming a maximum age of 2 b.y., analytical relaxation modeling [e.g., 101 indicates a surface viscosity 
greater than Pa-s (Fig. 4) is required for Triton to have retained topography. Viscosities this high indicate 
that the crust is relatively rigid and is rheologically dominated by ices such as water or ammonia-water, or 
perhaps even C 0 2  [Ill.  Due to volatility, C02 is less likely to be an effusive (but a possible explosive) 
volcanic agent. However, minor or trace amounts of volatile ices may well be present within the crust. 
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