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Introduction:  Offsets of features on the surface of 

Jupiter’s moon Europa have been attributed to lateral 
motions of rigid plates [e.g., 1], much like the system 
of plate tectonics on the Earth.  We are testing this 
hypothesis through plate reconstructions of regions of 
Europa’s surface imaged by Galileo at regional scales 
(~200 m/px).  Our study area is one of the most exten-
sive areas of contiguous regional scale imagery, cover-
ing an area from approximately 15°N to 20°S, 115°E 
to 140°E.  The study area includes Castalia Macula, 
and is at the western edge of Argadnel Regio.  The 
study area is dominated by bands, and becomes in-
creasingly disrupted by chaos terrain to the west and 
north.  Previous studies [2-5] have found significant 
spreading along bands in this area, as well as minor 
strike-slip offsets and surface contraction. 

We have two goals in this study.  The first is to de-
termine if rigid plate motion on Europa is a valid as-
sumption to reconstruct older, previously connected 
features, or whether the areas outlined as “plates” are 
moving non-rigidly.  The second goal is to construct a 
sequence of plate motion events that explains the tec-
tonic evolution of this region over time. 

Methods: We use GPlates software [6] to interac-
tively test plate reconstructions on Europa in a spheri-
cal coordinate system (cf. [5] for more details).  We 
prepared a mosaic of images in ISIS3 from Galileo 
observations E11REGMAP01, E17REGMAP01, and 
E17NERTRM, and tied them to the global basemap.  
Potential plate boundaries were defined by searching 
for groups of pre-existing features that were abruptly 
truncated or offset by newer ridges or bands.  Starting 
from an analysis of crosscutting relationships near Cas-
talia Macula [2], we worked outward to develop a time 
sequence of the potential plate boundaries.  Starting 
with the youngest potential plate boundaries and work-
ing back in time, we sequentially reconstructed pre-
existing offset features.  Some of the offset features 
were also potential plate boundaries, and these older 
boundaries had to be aligned before reconstructing the 
motion along them.  Figure 1 shows an especially 
complex area of overlapping plate boundaries. 

Results:  Reconstructions show that the plates ap-
pear to behave rigidly, but some plate margins were 
finely divided by minor strike-slip faults; more equiva-
lent to terrestrial “microplates.”  Future work includes 
more quantitative testing of the rigid plate assumption. 

We found six generations of cross-cutting plate 
boundaries in the study area, shown in Figure 2.  Most 
of the reconstruction consisted of closing extensional 
bands.  The main bands in the study area are oriented 
E-W, and are labeled in Figure 2 as letters A-D.  The 
overview of total motions before and after the six re-
construction steps shown in Figure 2 shows that the 
main events are: (1) bands A-D underwent N-S exten-
sion; (2) a series of small features along a N-S corridor 
in the center of the region underwent E-W contraction; 
(3) minor strike-slip offsets (<10 km) accomodated 
offsets in the amount of spreading among the exten-
sional bands. 

Figures 3 and 4 show the time sequence of plate 
motion events in the reconstruction.  We number the 
reconstruction stages going backward in time from the 
present.  The most recent activity (Stage 1; Fig. 3b) is 
extension along band A (“a” in Fig. 1).  Stages 2 and 3 
(Fig. 3c,d) rotate the southeastern group of plates along 
a sinistral strike-slip fault, and partially close band B 
(“b” in Fig. 1).  Stage 4 completes the closure of band 
B around a slightly different rotation axis (“c” in Fig. 
1) and deforms some ridges in the north, similar to the 
reconstruction in [2].  Band C (Phaidra Linea) has two 
distinct interior regions, each associated with a differ-
ent stage.  Stage 5 begins the closure of band C, and 
Stage 6 (the earliest stage) completes the closure of C, 
along with the closure of D.  During stage 6, E-W con-
vergence of a few km takes place along a series of N-S 
oriented structures (“d” in Fig. 1). 

 
Figure 1:  Overlapping linear extensional bands, fan-
shaped bands, and a possible convergence band in the 
southeast section of the study area (see Fig. 2, directly 
east of “B”).  This area was hypothesized to be a site of 
convergence by Sarid et al. [4].  Letters refer to fea-
tures associated with events mentioned in the text. 
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Figure 2:  Overview of the study area before (left) and after (right) the six stages of reconstruction.  Yellow lines 
show the margins of mobile plates.  The area extends from 17.3°S to 12.7°N and 115.5°E to 144°E; the white hori-
zontal line marks the equator.  Cyan letters denote bands discussed in the text. 
 

 
Figure 3:  Sequence of events in the southeast region 
to align pre-existing features.  (a) Current configura-
tion.  (b) Stage 1: closing southernmost (youngest) 
band.  (c) Stage 2: rotation of SE group of plates along 
strike-slip fault.  (d) Stage 3: closing intermediate age 
band. 
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Figure 4: Sequence of events in the southern half of 
the study area, to align pre-existing features, continu-
ing from the events in Figure 2d.  (a) Stage 4: further 
closure of band B and minor clockwise rotation of 
southern plates, small motions along N-S ridges near 
Castalia Macula (matching findings of [2]). (b) Stage 
5: closing inner region of band C.  (c) Stage 6: closing 
bands C and D, accommodated by small strike-slip 
motions and opening of N-S lineaments. 
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