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Introduction: On July 4, 2005 the NASA Deep
Impact spacecraft flew past the nucleus of comet
9P/Tempel 1 [1]. Interpretation of the flyby and im-
pact experiments have yielded new insight into
cometary processes with new constraints on the ex-
tremely low thermal conductivity of the surface mate-
rials [2], the presence of near-surface ices [3] and a
new comet formation paradigm [4]. High resolution
images of the surface showed several regions of dis-
tinct morphology. One large smooth flow-like region
was seen in the southern hemisphere (Fig. 1a).
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Figure 1: [a] Composite Deep Impact image of the
lower portion of the nucleus of comet 9P/Tempel 1
(the sun is to the right). The smooth region extends
from beyond the terminator toward the lower right, and
is bounded by a scarp ~20 m high [1]. [b] Pyroclastic
density current deposit (~15 m wide, 1 m thick) on the
flanks of Mount St. Helens volcano, August, 1980.

Discussion: The deposit has a smoother texture than
most of the rest of the surface of the comet and, rather
than filling a depression, is characterized by having
somewhat lobate margins and a distinct boundary scarp
(Fig. la). Its general morphology is reminiscent of
some pyroclastic density current deposits on Earth,
especially those that are emplaced on fairly shallow
slopes and are fed from discrete, relatively small-
volume source regions. Well-studied examples of such
deposits include those from the dome-collapse events

at Mount St. Helens following the May 1980 eruption
(Fig. 1b). A distinctive feature of these is the presence
of a relatively fine-grained interior and coarse-grained
margins, the consequence of spatially varying degrees
of fluidization of the deposit [5]. Fluidization of the
interior of the flow maintains a low viscosity and high
mobility, whereas elutriation of fine material by pref-
erential gas escape at the margins leads to the devel-
opment of a finite yield strength and high viscosity,
allowing the steep levees and flow front to develop.

Comets commonly release jets consisting of a mix-
ture of gas and small dust grains. The speed at which
the dust travels away from the nucleus is a function of
the dust/gas mass ratio in the source region, the
dustsize distribution, the temperature of the volatile
component when it is exposed to the surrounding vac-
uum, and the circumstances of that exposure. Initia-
tion of the release may be the consequence of thermal
changes penetrating the interior of the comet. When
the dust is dominated by very small grains, efficient
entrainment of most of the particles by the gas flow is
expected, leading to the well-defined jets commonly
observed. However, if the release occurs in part of the
comet having a wide range of particle sizes, the poten-
tial for more complex processes exists. The mixture of
gas and fully-entrained small clasts may act as a
"dusty-gas", able to fluidize, but not fully entrain, the
larger clasts, leading to the formation of a fluidized
bed that, if sustained for long enough, will be capable
of moving down-slope across the surface as a density
current.

It is not yet clear if the same fluid-dynamic regime
that operates in terrestrial pyroclastic density currents
will operate in this kind of mixture of gas and particles
released from the interior of a comet. However, we are
exploring the possibility of such an explanation for the
smooth deposit by modeling the combinations of vola-
tile to non-volatile ratio, particle size distribution, and
bulk material release rate that would allow a stable
fluidized bed to form and to be maintained for a suffi-
ciently long time to allow emplacement of a deposit of
the size seen on the nucleus of comet 9P/Tempel 1.
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