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Introduction: Enceladus is a small (radius �250

km) moon that orbits Saturn every 1.37 between the

orbits of Mimas and Tethys. A 2:1 mean motion

resonance with Dione, which orbits just beyond

Tethys, and is �15 times more massive than

Enceladus, excites the orbital eccentricity,

maintaining its value at the currently observed

0.0047. Without this resonance its proximity to

Saturn should have quickly circularized the orbit by

tidal dissipation.

Large rifts near the south pole of Enceladus have

been observed to be significantly warmer than the

surrounding surface [1] and are most likely the

source of jets of icy particles observed by Cassini [2].

These features are typically about 130 km in length, 2

km wide, with a trough 500 m deep, and are flanked

on each side by 100m tall ridges [1].

One suggestion for the rifting in this region is the

rising of a large diapir [3], which would have

dominated the formation of tectonics in the region.

However, one prominent rift on Enceladus’ south

pole consists of arcuate segments, resembling the

shape of cycloidal cracks on Europa (Fig. 1), which

suggests that a similar mechanism may have caused

the cracking on Enceladus as on Europa.

On Europa, these distinctive tectonics patterns

were likely produced by periodic tidal stresses [4].

The similar shape of some of the tiger stripe rifts

suggests that their formation may have been similarly

controlled by diurnal tidal stresses [5]. The similarity

between tiger stripes and Europan cycloidal ridges is

in shape only; otherwise they are quite distinct from

one another morphologically. While the initial

cracking may have been controlled by similar tidal

stress, subsequent modification of the surface along

the tiger stripes on Enceladus may have differed from

the ridge-forming processes on Europa.

We explore the possibility that tidal tectonic

processes may have formed this rift (Fig. 2) at its

current latitude in a similar manner to cycloids on

Europa (i.e. that its formation reflects a crack’s

response to a diurnally varying stress field).

Tides on Enceladus: Saturn’s distorts Enceladus

raising a tide on its surface. The exact height of the

tide raised on the surface is dependent on the internal

structure and properties of Enceladus. However, even

if resistant to deformation, Enceladus’ low surface

gravity would still result in a sizable tide. A

conservative estimate places the height of the primary

tide at 500m.

Moreover, Enceladus’ finite eccentricity causes

the primary tide to oscillate in magnitude by 1% or

5m as it completes an orbit. Not only does the size of

the tide on Enceladus change daily, but its position,

relative to a fixed point on the surface, oscillates

~0.5
o
eastward and westward. The daily change in

position and magnitude of the tidal bulge produces

stress on the surface of Enceladus that may play a

significant role in the formation of observed surface

tectonics.

On Europa cycloidal cracks form as a result of

tensile cracking in response to this type of diurnally

varying stress [6]. As the cracks form and propagate

across the surface, their paths are affected as the

stresses rotate in the region. Modeling observed

features allows for their formation locations (relative

to a Jupiter centered reference frame) to be

determined [7,8].

Fitting the arcuate segments of the rift: We

were unable to model the arcuate rift in Fig. 2 at its

current location. The variations in the stress field at

this longitude cannot recreate the shape of the

feature. However, as with Europa [4], the formation

of the feature may provide evidence of where

(relative to a Jupiter centered reference frame) this

feature might have formed. We conducted a

systematic search for possible formation locations by

attempting to fit the feature at 10
o
intervals of

longitude (Fig. 3). We find arcuate segments, which

resemble the entire rift, can be created for longitudes

between 30
o
and 60

o
. Because of symmetry in the

tidal stresses produced by diurnal deformations, the

feature could also have been formed at longitudes

between 210
o
and 240

o
. Though no fit is exact, we

find that the best fit occurs near 60
o
or 240

o

longitude.

After obtaining the data, there is evidence that

arcuate segment #2 in Fig 2 may actually be two

separate segments. Modeling the feature as 5 distinct

arcuate segments seems to allow better fits (Fig. 4).

However, the possible locations of formation for this

feature are still constrained at longitudes between 30
o

and 60
o
or 210

o
and 240

o
.

We conclude that this rift’s formation can be well

explained by diurnal tides at its current latitude but at

a different longitude, suggesting a non-synchronous

rotation, as for Europa. Depending on the rate of

non-synchronous rotation, tidal stress from the non-

synchronous rotation may also have influenced the
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formation of the rift. Even better fits of the feature

may be obtained by taking this into account.

However, tidal stresses caused by a hypothetical

reorientation of the pole of Enceladus [3] would not

explain the particular shape of this feature. This

result may be evidence against reorientation, or it

may indicate that rifts in this region are younger than

any such reorientation event.
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Fig. 1. One of the rifts on Enceladus’ South Pole is

made of at least 4 arcuate segments. The shape of

these segments is similar to the arcuate segments

seen in cycloidal ridges on Europa, implying a

similar method of formation.

Fig. 2. Here the measurements of latitude and

longitude for the arcuate rift are plotted at its current

location (relative to a Jupiter centered reference

frame), showing the different segments identified.

Fig. 3. The best fits to the data are shown for this

feature after assuming that it may have formed at a

different longitude than its current location. The light

blue lines are the data plotted such that the start of

Arc #1 at 10
o
intervals of longitude between 10

o
and

60
o
. The darker points are the model fits of those

data.

Fig. 4. The best fits to the data are shown for this

feature after assuming that it may have formed at a

different longitude than its current location and Arc

#2 is actually two distinct segments.
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