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Introduction:  The binary planet system of Pluto
and Charon is unique in the solar system in that the
spins of the primary body and the satellite are syn-
chronously locked to the satellite’s orbital period.
This configuration represents the stable end state of the
orbital evolution of this binary planet system.  During
the evolution of the system towards its end state, the
changes in tidal and rotational figures of the two bod-
ies may have left their mark as systems of tectonic
features across the surfaces of Pluto and Charon.
When detailed images of Pluto and Charon become
available, the existence and nature of such tectonic
features will enable us to place constraints on the or-
bital evolution of this binary system.  Here we present
the predicted stresses on the surfaces of Pluto and
Charon during their orbital evolution, and discuss fac-
tors which may alter the actual stress patterns and
magnitudes away from these predictions.

Assumptions:  For our initial model, we assume
that: (1) Charon’s orbit begins at a distance of 3 Pluto
radii (RP), just outside the Roche limit [1] (as might
be expected if Charon accreted from debris resulting
from a giant impact); (2) Pluto and Charon are homo-
geneous and in hydrostatic equilibrium; (3) Pluto’s
mass is 1.27x1022 kg, Charon’s mass is 1.52x1021 kg,
Pluto’s radius is 1180 km, Charon’s radius is 620 km,
and the semimajor axis of Charon’s orbit is 16.4 RP

(values are averages of estimates by [2,3,4,5] as sum-
marized by [1]); (4) Charon’s spin rate has remained
synchronously locked to its orbital period from the
beginning while Pluto rapidly rotates [1], and the an-
gular momentum of the spins of the two bodies is
transferred over time to Charon’s orbit until the current
stable configuration is reached.  The effect of varying
these assumptions will be discussed later.

Stresses:   In this model where Charon is always
synchronously locked while Pluto rotates rapidly, the
stress patterns and magnitudes produced on the sur-
faces of Pluto and Charon will be very different from
each other.  To a first order, the driving mechanisms
for figure change are similar for both bodies: the tidal
distortions of both bodies will collapse as Charon’s
orbital radius expands, and the rotational bulges of
both bodies will collapse as their rotational angular
momentum is shifted into Charon’s orbital angular
momentum.  However, there are differences in the rela-
tive importance of these mechanisms for each body.

The angular momentum of the Pluto-Charon sys-
tem, given the masses and radii assumed above, is
5.9x1030 m 2 kg s -1.  Presently, almost 99% of that
momentum is stored in Charon’s orbit, and the orbital
period of Charon and the spin period of both bodies is
154 hours.  If Charon was synchronously locked at an
orbital distance of 3 RP, Pluto’s spin period would

have been 3.7 hours (conserving angular momentum),
and Charon’s orbital and spin period would have been
12.6 hours.

Pluto.   Pluto begins the model spinning much
faster than synchronous, so the stress resulting from
the collapse of its tidal bulge as Charon recedes does
not form a coherent pattern over time with respect to a
point on the surface.  The stress pattern created on the
surface of Pluto is instead dominated by the movement
of the tidal bulge with respect to the surface during the
period that Charon is close to Pluto.  This stress pat-
tern due to nonsynchronous rotation, where tensile
stress peaks in front and compressional stress peaks
behind the tidal bulge as it moves [7], may be a major
factor controlling stress on the surface of Europa [8].
With Charon at 3 RP, the buildup of stress per degree
of nonsynchronous rotation is the following: the most
compressive stress varies from 1600 to -560 kPa, and
the least compressive stress varies from 560 to -1600
kPa.  These values are close to the brittle strength of
unfractured ice.  As Charon recedes from Pluto, the
nonsynchronous stresses become negligible (see figure
1).  At an orbital distance of 6 RP the buildup of non-
synchronous stress over several degrees of rotation
cannot overcome the strength of ice, and beyond 12 RP

even a frictionally-controlled ice surface is resistant to
deformation over several degrees of nonsynchronous
rotation.  Therefore, any tectonic signature of nonsyn-
chronous rotation on Pluto’s surface should appear
early in the stratigraphy.

The initial rotational flattening is much greater on
Pluto than on Charon, since Pluto starts with a faster
than synchronous spin rate while Charon is always
synchronous.  Because the two bodies end their orbital
evolution with the same spin rate, and about the same
rotational flattening, the stresses due to despinning [9]
will be greater on Pluto than on Charon.  The despin-
ning of Pluto from a period of 3.7 hours to 154 hours
would induce on the surface a most compressive stress
varying from 1600 to -1300 MPa, and a least compres-
sive stress varying from -320 to -1300 MPa (compres-
sive stress defined as positive).  The deformation pat-
terns on the surface would follow the predictions of
[9], with the most compressive stress oriented east-
west and the least compressive stress oriented north-
south.  This would create north-south oriented thrust
faults near the equator and east-west oriented normal
faults near the poles.

Charon.  The tidal flattening of Charon is an order
of magnitude greater than that of Pluto, and since
Charon is synchronously locked, the stress resulting
from the collapse of the tidal bulge [6] remains focused
in the same area.  The stress pattern on a synchro-
nously locked Charon will be the combination of the
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simultaneous reduction of the tidal and rotational dis-
tortions, resulting in the stress pattern typical of or-
bital recession [10], with strain resulting in thrust
faults concentrated radially about the sub-Pluto and
anti-Pluto points and extensional structures linking the
leading and trailing hemispheres near the poles.  As
Charon recedes from 3 RP to its present distance, it
builds up a most compressive stress varying between
570 and -34 MPa, and a least compressive stress vary-
ing from 370 to -640 MPa.

Discussion:  In the model presented above, the
stresses produced on the surfaces of Pluto and Charon
during orbital evolution are certainly sufficient to pro-
duce observable tectonic features on their surfaces.
Whether these stresses are manifested as brittle frac-
tures or whether they are largely accommodated by
ductile creep depends on the timescale of Charon’s
orbital recession and the composition and thermal state
of the near-surface materials.  If Pluto and Charon are
not in hydrostatic equilibrium during orbital evolu-
tion, and instead behave with rigidity, the stresses
induced on their surfaces will decrease with increasing
rigidity.  For instance, if Charon behaved as a rigid ice
body [1] its stress maxima (figure 1) would be reduced
by about 2 orders of magnitude.

Since 3 RP is a minimum orbital starting distance
for Charon, figure 1 shows the effect of starting
Charon at 6, 9, 12, and 15 RP on the stress maxima
produced by different mechanisms during orbital evo-
lution.  Pluto despinning tectonics should be apparent
for all starting distances of Charon, while Charon re-
cession tectonics should be apparent for all but the
farthest cases.  As mentioned above, nonsynchronous
rotation stresses are only important on Pluto for close
orbital distances of Charon.

If the planetary radii are held constant and the
Charon/Pluto mass ratio is higher(lower) than we as-

sumed, Pluto’s nonsynchronous rotation stresses will
rise(fall), Pluto’s despinning stresses will fall(rise),
and Charon’s recession stresses will fall(rise).  If one
of the bodies is less(more) dense than assumed, the
stress magnitudes on that body will rise(fall).  If
Charon does not begin synchronously locked, it will
experience larger nonsynchronous rotation stresses than
Pluto due to its greater tidal distortion.  If Pluto or
Charon experienced internal differentiation during or-
bital evolution, the  tidal and rotational bulges would
undergo further collapse [e.g. 11], amplifying the ex-
isting stress from orbital evolution.  Another compli-
cation is that a very rapidly spinning Pluto may not be
a triaxial ellipsoid [12], so stress may be induced from
additional figure change as Pluto despins.

Conclusion:  In a simple model of Pluto and
Charon in hydrostatic equilibrium with Charon start-
ing close to Pluto and evolving outward to its current
distance, large stresses are built up on the surfaces of
these bodies during orbital evolution.  Pluto’s surface
is dominated by despinning tectonics [9] and early
nonsynchronous rotation tectonics [7], while Charon is
dominated by tidal recession tectonics [10].  Future
imaging of tectonic features on the surfaces of these
two bodies will possibly allow us to constrain the
orbital evolution of Pluto and Charon.
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Figure 1.  Magnitude of maximum stress built up during orbital evolution as a function of initial Charon orbital
radius.  Nonsynchronous rotation stress is shown as a function of Charon orbital radius at the time the stress is pro-
duced, for 1° of rotation.
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