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Ridges and troughs on Ganymede are generally considered to be extensional-tectonic in origin, but ridges in 

Miranda's Elsinore Corona have been suggested to be compressional features, linear volcanoes, or horsts [I-31. Here 
the possibility is explored that the morphologically distinct subparallel ridges which occur in the east-west trending 
outer band of Elsinore Corona ("Elsinore Ridges" of Figure 1) are of diapiric origin, analogous to terrestrial salt 
walls. 

Like most other varieties of ridge and trough terrain observed on icy satellites [4], Elsinore Ridges are a 
subparallel series of alternating ridges and troughs contained within and trending parallel to the boundaries of a region 
of low crater density. These ridges are distinctive, however, because they display a small ratio of ridge-width to 
trough-width (-0.9, pinch and swell in plan, are sometimes discontinuous along their length, and typically posses 
narrow bounding trough. They are 2-6 km in width, 1045 km in continuous length, and have an average spacing of 
about 12 km. Some ridges appear to -lay axial troughs, although photoclinometric profiles [5] show that at least 
some are terraces @resumably fault scarps). 

Diapirism (see [6] for a review) results from density inversion, which may be due to temperature or 
compositional differences between crustal layers, and may be triggered or enhanced by tectonism or differential 

L loading. Diapirs arise from swells (pillows) which develop on the surface of a buried, lowdensity source layer. The 
lateral migration of diapiric material into pillows and its vertical rise as diapirs depletes the source layer, causing 
subsidence of the overburden and the formation of rim synclines that bound the diapiric structure [I. Diapirs ascend 
to their level of neutral buoyancy. Thus, they may extrude, as do some terrestrial salt diapirs, or remain within the 
crust as intrusions. 

Regularly spaced, subparallel salt walls which occur in northwest Germany have been extensively studied [7,8]. 
These diapiric structures are 4-5 km wide, up to 120 km in length, and display a spacing of -8-10 km. They are 
curvilinear to sinuous, can be discontinuous along their length, and are associated with a field of circular- and 
elliptical-plan diapiric structures (see, for example, figure 9 of [7]). A sequence of diapir types is envisaged 181 in 
which diapirs of circular plan rise from aligned circular pillows where the source layer is relatively thin (as near a 
basin edge), and longitudinally continuous diapiric walls grow from anticlinal swells where the source layer is 
thicker and less readily depleted (Figure 2). Rim synclines exist aside the German salt ridges, taking the form of 
elongate troughs. 

The geologic setting of Elsinore Ridges, notably the association of narrow troughs ("Straight Troughsw of 
Figure 1) that are probably extensional in origin, strongly suggests that the ridges originated in an environment of 
extensional stress 151. An origin as diapiric walls could explain the distinctive morphology of Elsinore Ridges--i.e. 
their tendency to pinch and swell and to be discontinuous along their length--while being consistent with an 
extensional regime. In this model, bounding troughs are eithea rim synclines or the periphery of graben into which 
viscous diapiric material has extruded. A morphological argument against the diapiric origin of Elsinore Ridges is 
that associated circular-plan diapiric structures of similar scale are expected, but not observed. It is possible that the 
buried source layer is thick enough that it is not easily depleted and only diapiric ridges are formed, or that a regional 
uniaxial stress field (suggested by the common orientation of the Elsinore Ridges, Straight Troughs, and the long 
bounds of Elsinore Corona) influenced the structure of the growing diapirs [c.f. 7-10]. 

As candidate diapiric structures, Elsinore Ridges can represent extrusions or the expression of near-surface 
intrusions. The ridges do not display flow lobes and do not spread laterally to fill depressions, as expected of 
extrusions. Low-density material rising through the crust of an icy satellite would probably be able to ascend only as 
high as the under-dense megaregolith, where it may arch the fractured cover in the manner of an anticlinal laccolith 
and may spread laterally [c.f. 6,8]. A possible association of mobile solid-state material and Elsinore Ridges is 
suggested by the geology near -20°, 225' where a lobate "floww identified by Smith et al. [ l l ]  appears to originate 
near the juncture of two Elsinore Ridges. 

A regular spacing of diapiric walls is predicted by the Rayleigh-Taylor instability theory. Numerical modeling 
[I21 shows that a single ridge-shaped disturbance on the surface of a buried low-density layer triggers the growth of a 
series of anticlinal swells with regular spacing. The characteristic spacing A of the swells is dependent upon the 
viscosity ratio R = q l h 2  of the two la ers and the thickness h2 of the source layer [12] for a relatively thick upper 
layer (hI > A). such that: A = 2.9 h2 R933 m. I]. m e  rate of growth of the swells can be expressed in terms of an 
e-folding time: t, = 19 (ql+q2) / g Ap A. Eq. 21 which is dependent upon gravitational acceleration g, the density 
difference between layers Ap, and the sum of the layer viscosities (dominated by the more viscous layer). The 
numerical modeling of Selig and Wermund [12] shows that the pattern of regularly spaced anticlinal swells is well- 
established by -50 b. 

Tbe plausibility d the diapir model can be tested and possible constraints placed on the structure and proped'ties 
of Miranda's c m t  if Elsinore Ridges are taken to represent the surface manifestations of diapiric walls which rise 
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from anticlinal swells of characteristic wavelength A. Assuming the upper layer of a model two-layer crustal 
structure is the more rigid (Ft > I), the choice of A = 12 km in Eq. 1 constrains the thickness of the source layer to 
54 km. If the observed spacing of diapirs is greater than their true characteristic wavelength [13], a smaller A and 
smaller h would result. If the constraints A S 12 km, Ap 2 0.1 g cm-l, and t, S 0.2 Myr (50 t, S 10 Myr) are 
applied to Eq. 2, an upper limit of -1017 poise is obtained for the upper layer. This value is far lower than the 
viscosity expected of cold water-ice in the Uranian system, but greater than viscosity estimates based upon the 
morphology of solid-state flows on Ariel (-1016 poise) and modeled to result from the presence of intergranular 
cryogenic fluids (-1013 poise) [14,15]. Under the conditions modeled here, the ascent velocity [16] of a spherical 
diapir 2 km in diameter is -1 km ~ y r - 1 ,  similar to the ascent rates of terrestrial salt diapirs 161. 

Solid-state resurfacing is likely an important process on icy satellites, most notably on the Uranian satellites. It 
is morphologically and physically plausible that the topography of some varieties of ridge and trough terrain on icy 
satellites may be the surface manifestation of an internal density inversion and the resulting diapirism. 

Figure 1. Sketch map of major ridges and troughs in the outer bands of Elsinore Corona, Miran&, drawn from a 
Lamberrian equal-area projection centered about -30'. 255'. North is up. 

Figure 2. Sequence of development of 
pillows, circular-plan diapirs, and diapiric 
walls from left (thin source layer) to right 
(thick source layer). Dotted horizontal line 
represents original level of the now-depleted 
source layer. (From [lo], after [8].) 
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