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Introduction:  Cycloidal crack patterns on 
Europa are influenced by tidal stress [1].  A well-
recognized portion of the tidal stress is associated 
with Europa’s orbital eccentricity, which in turn is 
driven by the Laplace orbital resonance.  Their 
shapes record the location of their formation, as well 
as the conditions for crack formation. Hoppa et al. 
modeled several cycloid chains [2].  Hurford et al. 
[3,4] improved Hoppa’s cycloid model and re-
examined the same southern hemisphere cycloids.  
They found that model fits to observed cycloids are 
improved when stress from about 0.5o of non-
synchronous rotation is included [3,4]. 

 
Fig. 1a.  Map of hypothetical eastward propagating 

cycloids on Europa based on the modeling of cycloids near 
the south pole when the stress from 0.5o of non-
synchronous rotation is included [3,4]. 

 
Figs. 1a&b show maps of hypothetical cycloids, 

which could form at various locations across 
Europa’s surface, assuming parameters similar to 
those found from modeling the cycloids near the 
south pole [4].  In each figure, the stress from 0.5o of 
non-synchronous rotation has been included. 
Cycloids near the poles have regularly shaped arcs.  
In contrast, arcs of cycloids near the equator at 
longitudes between 30o and 75o (or 210o and 255o) 
become rather boxy in shape. Cycloids in this region 
have been noted to resemble cracks seen in the 
wedges region of Europa [4,5,6,7].  

 
Fig. 1b.  Map of hypothetical westward propagating 

cycloids on Europa based on the modeling of cycloids near 
the south pole when the stress from 0.5o of non-
synchronous rotation is included [3,4]. 
 

 
 
Fig. 2.  The wedges region of Europa lies mostly south 

of the equator and spans as far as 20o south in latitude. 
 

Unexplained Characteristics of Europan 
Cycloids:  Although hypothetical cycloids calculated 
thus far [4,5,6,7] reproduce many of the observed 
characteristics, two important characteristics have 
previously not been successfully reproduced. (a) The 
wedges region, qualitatively matches the “boxy” 
character of theoretical cycloids at similar longitudes 
(e.g. Fig. 1b); however it lies south of the equator (0o 
to 20o S as seen in Fig. 2) while the theory is 
symmetrical about the equator.  (b) Cycloids are 
observed crossing the equator (Fig. 3), also violating 
the theoretical symmetry.  
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Fig. 3.  Cycloids observed near the equator are not 

restricted to one hemisphere.  These features can cross the 
equator, a characteristic that is not reflected in current 
tensile models of cycloid formation. 

 
Obliquity of Europa: The key to understanding 

these features may be the satellite’s obliquity.  Bills 
[8] has shown that Europa should have a forced 
obliquity of ~ 0.1o. Just as Europa’s forced 
eccentricity causes the location of the tidal bulge 
relative to the average direction of Jupiter to shift in 
longitude daily, Europa’s obliquity shifts its location 
in latitude.  This shift in latitude also produces stress 
and must be accounted for when computing Europa’s 
diurnal stress field. 

Effects of Obliquity on Cycloid Formation: An 
obliquity as small as 0.1o [8] dramatically affects the 
formation of hypothetical cycloids, as shown in Figs. 
4a&b.  This small obliquity is enough to break the 
symmetry seen in Figs. 1a&b between cycloids in the 
north and south, making it possible to form “boxy” 
type cycloids south of the equator.  This asymmetry 
better matches the observed location of the wedges 
region.  Hypothetical cycloids also propagate across 
the equator, matching the observation that cycloids 
cross the equator.   

Conclusions: The observed north-south 
asymmetry of cycloids may be indirect evidence for 
the small but finite obliquity of Europa predicted in 
[8].  A non-zero obliquity influences the diurnal 
stresses on the Europa’s surface and may aid in the 
propagation of cracks along its surface.  Future 
modeling of cracks should not assume that the 
obliquity is zero or has no effect on tectonic 
formation.   
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Fig. 4a. Map of hypothetical eastward propagating 

cycloids on Europa based on the modeling of cycloids near 
the south pole when the stress from 0.5o of non-
synchronous rotation and 0.1o of obliquity are included. 

 

 
Fig. 4b. Map of hypothetical westward propagating 

cycloids on Europa based on the modeling of cycloids near 
the south pole when the stress from 0.5o of non-
synchronous rotation and 0.1o of obliquity are included. 
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