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Leading side: dark
Cassini 1705

Trailing side: bright
Cassini 1671

Mystery 1: Brightness dichotomy 

Cassini flyby 2007Cassini flyby 2004
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2009: Saturn’s colossal ring
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Fig. 1. Flyby picture of Iapetus by Cassini Imaging Sub-System (ISS) on December 31, 2004. The solid curve shows the large-scale shape of the satellite. The
dashed curve indicates the shape the satellite would have if it were in hydrostatic equilibrium today. Given Iapetus’ present rotation period and semi-major axis,
a deviation from spherical of no more than 10 m is expected. The actual deviation is 33 km. At 9 o’clock on the limb of the disk the equatorial ridge is seen standing
well above the other topography.

body with a core of density 3510 kg m−3 would need to have a
spin period about 1.3 h less. In either case, this is far from the
79.33-day period.

This information suggests that Iapetus has a fossil shape that
has been frozen when the satellite’s lithosphere became strong
enough to resist continued deformation at a time when the satel-
lite was still despinning.

Similar scenarios have been proposed for the Earth (Mound
et al., 2003), Moon (Lambeck and Pullan, 1980; Garrick-
Bethell et al., 2006) and Mars (Zuber and Smith, 1997; Mat-
suyama et al., 2006).

This also suggests a constraint on the initial rotation period
of the satellite. It should have been less than 16 h.

2.3. Equatorial ridge

A nother surprising feature of Iapetus’ topography is a
prominent equatorial ridge (Fig. 2) running most of the way
around the equator. Where visible, this sits right on top of the
equatorial bulge. The ridge is abundantly cratered, indicating
that it is comparable in age to any of the terrains on Iapetus. It
is clearly older than the large basins that overlap it. Anything

this large, and this long, suggests global rather than local or re-
gional control.

Data for estimating the volume of the ridge are sparse.
Cassini observations (e.g., Fig. 2; Porco et al., 2005) cover only
one side of the satellite. Denk et al. (2000) have detected this
feature in Voyager data and conclude that it continues in the
other hemisphere. They see the illuminated tops of equatorial
peaks that lie on the nighttime side of the terminator as evidence
for the continuation of the ridge. The ridge generally appears to
be single, but in some places it is double or triple. The flanks
are steep with slopes in some sections greater than 30 degrees.
The volume of material involved in the ridge is very large. It
spans at least half of the equator and is well developed over a
length of ∼1600 km. A typical (triangular) cross-section has a
base of 200 km and a height of 18 km, or a cross-sectional area
of 1800 km2, for a volume of ∼3×106 km3. This estimate does
not include any allowance for roots or folds.

We do not know how the ridge was formed. Porco et al.
(2005) suggested that it is associated with Iapetus’ despinning.
This idea is based, in part, on the fact that the ridge is located
at the equator. Denk et al. (2005) proposed that it resulted from
volcanic activity. Giese et al. (2005) suggest that the morphol-
ogy of the ridge indicates upwarping of the surface due to a

Mystery II:  Anomalous flattening 

c - a = 35 km 
(Earth: 21 km)

~ T=16 h ?
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Synchronous orbit
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Mystery III: Equatorial ridge on Iapetus

Pictures: NASA/JPL/Space Science Institute



Modeling global tectonics

Global deformation of lithosphere ➡ axial pattern ?

Lithospheric 
thickness Deformation Pattern

Old model constant despinning wrong

My model
thinner at 
equator

contraction,  
expansion right

Model: Thin elastic shell with variable thickness



http://www.see.leeds.ac.uk/structure/faults/stress/stress.htm

Stress and faulting

http://www.see.leeds.ac.uk/structure/faults/stress/stress.htm
http://www.see.leeds.ac.uk/structure/faults/stress/stress.htm


Lithosphere of constant thickness:
despinning

• E-W stress more compressive than N-S stress
• maximum compression at the equator
• maximum extension at the poles
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Lithosphere of constant thickness:
faulting patterns

Mercury ?Iapetus ?
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Lithosphere thinner at equator:
despinning

• E-W stress still more compressive than N-S stress
• faulting pattern weakly affected
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Lithosphere thinner at equator:
contraction or expansion
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Stress if contraction

• N-S stress > E-W stress
• maximum compression at equator

• N-S stress < E-W stress
• maximum extension at equator
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Lithosphere thinner at equator:
faulting patterns
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Formation of Iapetus’ ridge 

Picture: NASA/JPL/Space Science Institute

Scenarios:

A. Contraction, despinning later (T0 ~16h)

B. Contraction during despinning (T0 ~16h):

E-W thrust faults if ΔR > 13 km 

C. Expansion and despinning:

E-W joint ⇒ dike



Elastic buckling with variable thickness

if E ÷ 1000
then

stress ÷ 10
thickness x 10

Yield stress ice ~
a few MPa
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Conclusions on Iapetus’ ridge

1. lithosphere thinner at equator

+ contraction/expansion

2. no despinning tectonics:

initial period ~16h ?

3. no elastic buckling:

critical stress too high

Picture: NASA/JPL/Space Science Institute



Other planets
Mercury: lobate scarpsMars:  wrinkle ridges
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Left: Hesperia Planum imaged by HRSC on Mars Express (ESA/DLR/FU Berlin)
Right: MESSENGER, 2nd flyby (NASA/Johns Hopkins University Applied Physics Laboratory/Arizona State University/Carnegie Institution of Washington)
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