
DISPERSAL OF TEPHRA IN EXPLOSIVE ERUPTIONS ON MARS (1): STABLE CONVECTING
ERUPTION CLOUDS.  L. Wilson1 and J. W. Head2, lEnvironmental Science Dept., Lancaster Univ., Lancaster
LA1 4YQ, UK (l.wilson@lancaster.ac.uk), 2Dept. of Geological Sciences, Brown Univ., Providence, RI 02912,
USA (James_Head@brown.edu).

Overview: We derive results for the dispersal of
pyroclasts on Mars from relatively steady, long-lived
explosive (plinian and sub-plinian) eruptions taking
place at low enough mass-fluxes that their eruption
clouds are stable in the current atmosphere. In a
closely related study [1] we present an alternative
model for pyroclast dispersal in high mass flux explo-
sive eruptions and show that the model applies to many
fire-fountain eruptions on Mars. In both cases we dis-
cuss the consequences if the atmospheric pressure were
higher in the past.

Background:  Volcanism has been important
throughout Mars' history [2]. Morphologies of early-
formed paterae (e.g., Hadriaca, Tyrrhena), together
with the presence of fine-grained deposits mantling
subjacent cratered terrain [3, 4], suggest that early edi-
fices and deposits were mainly produced by explosive
volcanism in contrast to the largely effusive nature of
the later shield-building eruptions in Tharsis and Ely-
sium [5-7]. High magma volatile contents and/or in-
corporation of groundwater may have encouraged the
early distinctive explosive eruption style [8-10]. Early
models [11-14] suggested that explosive eruption
clouds on Mars should rise much higher than on Earth
for a given mass eruption rate [11]. However, [13]
showed that some assumptions made in these models
about entrainment of atmospheric gases are not justi-
fied above about 20 km height on Mars, so that clouds
from high discharge-rate eruptions, expected to con-
vect to much greater heights, cannot do so. In [1] we
present a model showing that the products of such
eruptions will resemble the umbrella-shaped plumes on
Io; here we consider the dispersal of pyroclasts on
Mars from stable convective plumes rising to heights
up to ~20 km. We add to previous treatments the con-
sequences of the possible formation of accretionary
lapilli within rising eruption clouds.

Methods: The inputs to our plume models are a
range of magma volatile contents and eruption rates
(mass fluxes). For simplicity we treat point-source
conduit-type vents rather than fissures. We assume that
H2O dominates exsolved volatile (others can be con-
verted to equivalent H2O amounts) with values up to 5
mass %, suggested by estimates up to ~2 mass % H2O
in some SNC meteorites [15] and up to 1.9 mass %
H2O, 5.4 mass % CO2 (4.1 mass % equivalent H2O) in
some ocean floor alkali basalts/nephelinites on Earth
[16]. Mass fluxes span 105 to 108 kg s-1, covering the
entire range observed for all types of mafic eruptions

on Earth [17]. The methods given by [17] are used to
treat conditions beneath the surface. Under current
martian conditions essentially all explosive eruptions
are choked at the vent [18, 19] and we decompress the
erupted gas/clast mixture adiabatically to atmospheric
pressure treating it as a pseudo-gas [18]. The resulting
eruption clouds are modeled as in [11], derived from
[20]. The much lower atmospheric temperatures on
Mars [21] than on Earth suggest that condensation of
liquid and then solid H2O onto pyroclasts will be en-
couraged, and so we model the formation of accretion-
ary lapilli within rising eruption clouds using [22].

Results: Table 1 shows the choked speed, Uv, of
gas and small pyroclasts in the vent (it is the same on
both planets) as a function of exsolved H2O mass %, n;
and the gas and small pyroclast speeds after decom-
pression to atmospheric pressure on Earth, UaE, and
Mars, UaM. As found earlier [11], the speed is ap-
proximately proportional to the square root of the ex-
solved volatile content, and the lower (current) atmos-
pheric pressure on Mars leads to greater speeds there.
Given the prediction [13] that eruption clouds will be-
come unstable at heights in excess of ~20 km, we give
in Tables 2 and 3 the variations with exsolved magma
water content at a constant mass flux (6 × 105 kg s-1),
and mass flux at constant water content (2 mass %),
respectively, of the radii r of clouds reaching 20 km
height and the maximum sizes fMax of pumiceous pyro-
clasts that can reach this height. Clearly the cloud radii,
and hence distances from the vent at which clasts are
released, vary significantly, but maximum clasts sizes
could commonly be close to 10-12 mm. However, by
considering the distribution of gas bubble sizes at the
pressure level where most magma fragmentation takes
place, [11] found that the range of pyroclast sizes
available to an eruption cloud, i.e. the range of sizes
leaving the vent, was likely to be a few tens of microns
to a few mm. Thus most explosive eruption clouds on
Mars are capable of transporting larger clasts to 20 km
height than are actually present in the clouds.  The role
of accretionary lapilli formation is found (Table 4) to
be one of aggregating the smaller pyroclasts into lapilli
that may have sizes approaching a maximum of 1 mm.
Finally we use standard treatments [20, 11] of terminal
velocities of clasts to compute the lateral travel dis-
tances (Table 5) of clasts with the range of sizes likely
to be present in stable eruption clouds reaching 20 km.
Note that the atmosphere model [21] has windspeeds
of 40 m s-1 at 20 km height, decreasing toward the sur-
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face, and travel distances are essentially proportional
to the wind speed.  To the distances in Table 5 must be
added the lateral release distances from the cloud edge
(r in Tables 2 and 3).

Summary:  Tables 2, 3 and 5 show that pyroclastic
fall deposits on Mars produced by stable convecting
eruption clouds should spread up to at least ~100 km
from the vent even if accretionary lapilli formation
drastically coarsens the grain size distribution, but can
readily range up to many thousands of km for any fine
(tens of micron) component not involved in lapilli
formation. Accretionary lapilli scavenge H2O from an
eruption cloud and emplace it as ice in the fall deposit
instead of dispersing it into the atmosphere, with im-
plications for subsequent chemical and morphological
evolution of the deposit [23]. If the atmospheric pres-
sure on Mars had been higher in the past, e.g. similar
to that of Earth today, this would have influenced all
aspects of the eruption process (eruption speed, clast
size distribution at the vent, maximum stable cloud rise
height, clast fall speed, and wind patterns); clast dis-
persal would have been greater, but only by a factor of
order two, not by orders of magnitude. Finally, these
results must be considered in the light of our parallel
modeling [1] of quasi-ballistic plumes generated in
high mass-flux eruptions. For volatile-rich magmas,
such plumes will lead to a similar dispersal pattern of
fine clasts to that given here, but ballistic plumes can
release the coarsest (i.e. a few mm-sized) clasts into
the atmosphere at much greater distances, up to ~100
km from the vent, allowing them to reach ranges of
~300 km.

Table 1.  Conditions in and above explosive vents
as a function of exsolved magma H2O content, n.  Uv is
choked speed leaving vent; UaE and UaM are speed after
decompressing to local atmospheric pressure on Earth
and Mars, respectively.
n/mass % 0.1 0.3 0.5 1 2 3.5 5
Uv/(m s-1) 35 61 79 112 158 209 250
UaE/(m s-1) 46 104 146 227 344 475 577
UaM/(m s-1) 95 176 234 340 488 642 756

Table 2.  Eruption cloud radii at 20 km height, r,
and size of largest pumice that can reach this height,
fMax, as a function of exsolved magma H2O content, n,
at a constant mass flux of 6 × 105 kg s-1.  Eruption
cloud with 0.1 mass % H2O collapses forming pyro-
clastic density currents.
n/mass % 0.1  0.3 0.5 1 2 3.5 5
r/km - 2.50 2.58 2.65 2.70 2.75 2.80
fMax/mm - 10.0 10.8 11.2 11.7 12.3 12.9

Table 3.  Eruption cloud radii at 20 km height, r,
and size of largest pumice that can reach this height,
fMax, as a function of exsolved magma H2O content, n,
at a constant exsolved H2O content of 2 mass %.
M/(kg s-1) 105 106 107

r/km 6.2 7.9 14.5
fMax/mm 3.7 10.8 14.2

Table 4.  Maximum sizes, D, of accretionary lapilli
formed in 20 km high eruption clouds as a function of
exsolved magma H2O content, n.
n/mass % 0.1  0.3 0.5 1 2 3.5 5
D/mm 0.90 0.75 0.72 0.69 0.69 0.71 0.73

Table 5.  Downwind travel distances R of clasts
with diameters f released from 20 km height.
f/mm 2 1 0.5 0.2 0.1 0.05 0.02
R/km 10 23 94 585 2340 9360 58500
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