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Introduction: The surface of Europa has been 

pervasively modified by a variety of linear to curvi-
linear tectonic features that are both recent and glob-
ally distributed. These features are typically classi-
fied, based on morphology, as bands or ridges and 
they have been commonly interpreted to reprepresent 
extensional and/or strike-slip boundaries [1-4]. De-
spite the ubiquitous presence of such features across 
the surface of Europa, evidence for deformation re-
sulting from compression has remained remarkably 
elusive [5]. Global-scale processes that could have 
led to a surface dominated by extensional features 
have been studied, yet none have been able to ade-
quately account for the magnitude of surface exten-
sion observed [6,7]. Hence, how compressional strain 
has been accommodated within Europa’s lithosphere 
remains one of the most puzzling aspects of its sur-
face evolution. 

Previous work has indicated that bands and ridges 
can serve as the boundaries of lithospheric plates that 
have rotated and/or translated with respect to each 
other [8,9]. Attempts to reconstruct many such 
boundaries have generally assumed that the satellite’s 
lithosphere behaves rigidly [10-12]. However, the 
limited amount of research done examining the accu-
racy of those assumptions has suggested that non-
rigid behavior can accommodate a significant frac-
tion of deformation [13,14] and that it can accommo-
date compressional strain [14]. To evaluate whether 
such behavior is significant enough to explain the 
magnitude of surface extension that has been ob-
served, we utilize plate motion modeling to deter-
mine the magnitude and extent of non-rigid behavior 
present within several plate systems on Europa. 

Methodology: To determine the rigidity of plates 
on Europa, we utilize a common terrestrial technique 
involving the use of plate reconstructions, described 
in terms finite rotations, to test for the closure of plate 
motion circuits. [15]. This technique utilizes data 
describing the relative motion of three plates meeting 
at a triple junction to see if they satisfy the condition 
of plate circuit closure: i.e., rotation matrices describ-
ing the relative motion of each plate pair sums to zero 
[16,17].  

This method of exploring the behavior of tectonic 
plates requires a means of determining finite rotations 
for plate pairs. An inverse modeling technique useful 
for that purpose has been developed that relies on the 
displacement azimuths of offset features separated by 

a plate boundary as inputs [14]. With this technique, 
we have begun to assess the rigidity of lithospheric 
plates on Europa involving several systems of plates 
that are separated in space and time.  

A prominent band that has been informally re-
ferred to as Phaidra Linea represents one such plate 
system. This feature is located along Europa’s trail-
ing equatorial hemisphere, stretching from 11°S, 
241W° to 2°S, 208W°. A portion of Phaidra Linea, 
located between 230°W and 219°W, contains several 
interconnected bifurcations of the band that have di-
vided the preexisting surface into several plates (Fig. 
1). We refer to this portion of the linea as the Phaidra 
band complex (BC) and cross-cutting relationships 
with the surrounding terrain suggest it is a relatively 
young feature. We have divided the band in this re-
gion into 7 potential plate boundaries, BC1 – BC7. 
BC1 and BC2 represent the E-W trending portions of 
the Phaidra band complex, BC3 and BC5 represent 
two N-S segments, and BC4, BC6, and BC7 represent 
segments of the complex that interact with BC1 with 
BC2, producing plates 2-4 (Fig. 1). 

Along this portion of Phaidra Linea, numerous 
triple junctions can be used to test for closure involv-
ing plate circuits (e.g., plates 1-2-3, 1-3-4, 2-3-5, 
etc.). There are also numerous paths with which to 
construct a finite rotation describing the motion of 
one plate with respect to another for each plate in the 
system. The rotation of these plates with respect to 
each other during the formation of the Phaidra band 
complex has led to the offset of a number of preexist-
ing linear structural features across their margins. We 
have identified 50 such measurable offsets (black 
lines - Fig. 2) that can be utilized by the inverse tech-
nique we are using to determine the rigidity of the 
lithospheric plates during the formation of the linea. 

Summary: To evaluate whether non-rigid behav-
ior of Europa’s lithosphere can explain the amount of 
surface extension that has been observed on the satel-
lite, we are using plate motion modeling to determine 
the magnitude and extent of non-rigid behavior pre-
sent within several plate systems on Europa. Prelimi-
nary work in this regard suggests that non-rigid be-
havior may accommodate a significant fraction of 
deformation within the plates associated with the 
Phaidra band complex [18]. Further work will clarify 
this result and extend the analysis to additional plate 
systems found across the surface of the satellite. 
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Fig. 2. (top) Phaidra Linea runs east-west through the center of this image, acquired at a resolution of 220 m/pixel during the 
E17 encounter of the Galileo mission. (bottom) The Phaidra band complex is shown with a black outline and gray fill. Plates 
defined by this feature are numbered 1-5 and prominent features that post-date the formation of the band complex are shown in 
gray. Preexisting features offset by the formation of Phaidra Linea are shown in black. 
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