
NON-TRANSFORM STRUCTURAL DISCONTINUITIES ON EUROPA. G. W. Patterson and J. W. Head, 
Department of Geological Sciences, Brown University, Providence, RI 02912 (Gerald_Patterson@brown.edu) 

 
Introduction: In terrestrial tectonics, mid-ocean 

ridge systems are often segmented by discontinuities 
which are not rigid transform faults.  The mechanics of 
mid-ocean ridge segmentation on Earth are related 
primarily to the thickness of the lithosphere at and 
surrounding mid-ocean ridges and magmatic processes 
along mid-ocean ridge axes [1-3].  The morphological 
characteristics of various types of segmentation have 
been well documented using gravity, bathymetry, and 
magnetic field measurements [2,3].  Here, we will 
concentrate on one category of terrestrial discontinuity, 
overlapping spreading centers (OSCs), and use it as an 
analog for a feature observed on Europa. 

Background: OSCs are found on Earth along fast-
spreading ridges (>50 mm/yr) associated with 
relatively thin (2-3 km) brittle oceanic lithosphere 
[2,4].  They are characterized by a pair of ridges that 
are typically offset from each other by 0.5 to 30 km 
and overlap by upwards of three times their offset.  It 
has been suggested that OSCs develop where colinear 
propagating fractures, initiated by pulses of 
magmatism along mid-ocean ridge axes, fail to meet 
due to slight misalignments in their trends [1].  A 
transform fault does not form to connect these 
misaligned fractures because the brittle lithosphere is 
too thin and weak to maintain a classic rigid plate 
ridge/transform fault pattern.  Instead, the opposing 
fractures overlap in an en echelon sense, initially 
tending to veer away from each other before 
eventually veering sharply back toward each other 
[5,6].  The observed ratio of overlap to offset appears 
to be related to the local stress environment around the 
two fractures [6-8].  This mechanism for the formation 
and evolution of terrestrial OSCs has been 
demonstrated in strain calculations, wax models, and 
ocean-floor measurements [e.g., 1,3,5,8]. 

We have identified a nontransform structural 
discontinuity (NSD) on Europa that appears analogous 
to terrestrial OSCs.  It is associated with the complex 
ridge Belus Linea.  The morphology of this NSD is 
reminiscent of characteristics that result from ridge 
formation and propagation mechanisms described in 
association with terrestrial OSCs.  By examining the 
morphology of this NSD, we seek to gain insight into 
the conditions under which this discontinuity, and the 
linea it is associated with, formed and/or evolved. 

Belus NSD:  Belus Linea (Fig. 1) is a complex ridge 
that stretches for ~2400 km across Europa’s trailing 
hemisphere from 24±N 192± to 5±S, 275±.  The NSD 
associated with Belus Linea is located at 21±N, 214± 
and eight images of the region were acquired at ~100 
m/pixel during the E14 encounter of the Galileo 

spacecraft (Fig. 1b).  It segments Belus Linea into a 
pair of complex ridges and, for descriptive purposes, 
we refer to them as BL1 and BL2 (Fig. 1c).  The trends 
of the two segments are misaligned across the NSD by 
10°.  At the NSD, BL1 veers from its trend by 
approximately 24° to the east and BL2 by 20° to the 
west.  Approximately 40 km from the initial veering of 
BL2, the segment changes direction toward the south 
and connects with BL1, leading to an overlap of ~55 
km between the two segments and an offset of ~16km.  
This is equivalent to a 3.4:1 ratio of overlap to offset, 
in line with values commonly reported in association 
with terrestrial OSCs [9,10]. 

Cross-cutting relationships amongst the ridges that 
comprise BL1 and BL2 suggest a sequence of 
formation with younger ridges cutting and overprinting  
 

 
Fig. 1. (a) Context image of Belus Linea.  White box 
shows approx. boundaries of higher resolution 
imagery. (b) Mosaic of images taken at ~100 during 
E14 encounter.  (c) Sketchmap of the region with 
segments of Belus labeled BL1 and BL2.  Darker Gray 
polygons delineate ridges within Belus Linea.  Light 
gray polygons with solid outlines indicate prominent 
features in the region.  Light gray polygons with a 
dash-dot outline represent the extent of a region of low 
albedo material associated with Belus.  The location of 
‘decapitated’ ridges associated with BL2 are labeled 
1BL2 and 2BL2. 
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older ones.  Based on this interpretation, the initial 
formation of Belus Linea appears to have occurred 
without a connection between BL2 and BL1.  Two 
ridges that we have labeled 1BL2 and 2BL2 (Fig. 1c) 
appear to have been cut and decapitated by a later 
stage in the evolution of Belus Linea that led to the 
connection of BL1 and BL2.  These two ridges 
terminate before connecting with BL1.  The 
overprinting and decapitation of ridges that comprise a 
discontinuity is another characteristic that is often 
associated with terrestrial OSCs [6]. 

Based on the morphological similarities between the 
Belus NSD and terrestrial OSCs, we have constructed 
an idealized scenario for its formation and evolution 
(Fig. 2).  This scenario is divided into three phases (t1-

3).  The first two phases involve the propagation of 
fractures under a remote tensile stress that lead to an 
overlapping geometry between BL1 and BL2, but lack 
a connection.  A connection between the two segments 
is established in the third phase in the evolution of 
Belus Linea.  With each phase, the propagation path of 
BL2 cuts inside of itself and reduces the magnitude of 
offset between the two segments until a connection is 
eventually established (t3).  Another phase in the 
evolution of Belus Linea, suggested by the 
morphology of the Belus NSD (Fig. 1c) but not shown 
in figure 2, would be the formation of a fourth set of 
fractures that also establish a connection across the 
discontinuity. 

Conclusions:  The scenario outlined in figure 2, 
based on an analysis of the morphology of the Belus 
NSD and its similarity to terrestrial OSCs, relies on the 
successive buildup of individual ridges in a periodic 
fashion as the driving mechanism for the formation 
and evolution of Belus Linea.  This is consistent with 
previously suggested models of formation for complex 
ridges based on their morphology [11,12] and wax 
analog experiments [13].  We suggest that the periodic 
nature of formation is a result of cyclic buildup and 
release of stress, induced by nonsynchronous rotation 
of Europa’s ice shell, along a long-lived zone of 
weakness.  Furthermore, as with terrestrial OSCs, the 
formation of the NSD suggests a relatively thin brittle 
lithosphere at the time of formation. 

Beside our analysis of Belus Linea, we have found 
evidence for and begun analysis on three more NSDs 
on Europa associated with Katreus Linea, Euphemus 
Linea, and the intersection of Asterius and Cadmus 
Linea.  Each have characteristics that suggest they too 
are analogous with terrestrial OSCs.  Furthermore, 
high resolution data (~220 m/pixel) available for 
Katreus, coupled with its morphological similarity and 
proximity to the enigmatic band Agenor, make it a 
particularly interesting target for our continued 
analysis. 

 
Fig. 2. Idealized representation of a possible scenario 
for the formation and evolution of the Belus NSD via 
successive episodes of fracture formation and 
propagation that overlap and truncate previous 
fractures along the complex ridge.  Active ridges are 
shown in black and inactive ones in shades of gray.  
The evolution of the Belus NSD is divided into three 
phases (t1-t3) with ridges labeled 1BL1,2 – 3BL1,2 from 
oldest to youngest. 
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