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Introduction: Observations from the Mars 2020 
mission have so far indicated that the floor of Jezero 
Crater is primarily igneous in origin [1]. Here we pre-
sent ongoing work to model the dispersal of ash parti-
cles in the Jezero crater region to better elucidate the 
complex volcanic history of the area. In our modeling 
we take into account changing atmospheric properties 
during the descent of the particle, as well as the relation-
ship between ash particle size and density. 

Séitah formation rocks: The stratigraphically low-
est materials on the crater floor are consistent with an 
olivine cumulate [1]. However, this is difficult to recon-
cile with orbital observations of the regional, circum-
Isidis olivine-bearing unit that strongly suggest that it is 
pyroclastic in origin [2,3]. To reconcile these observa-
tions within and outside of Jezero, we hypothesize that 
the regional olivine-bearing unit is composed of a series 
of volcanic units, possibly produced via diverse erup-
tion styles, including pyroclastic deposits.  
Artuby member rocks: The Máaz formation, previ-
ously mapped from orbit as Cf-fr [4], is potentially the 
result of basaltic lava flows [5]. The Artuby member 
rocks of the Máaz formation exhibit granular weather-
ing and are layered [6]. Two outcrops in particular, 
known as Mure and Grasse, exhibit alternating friability 
and platy, fine, recessive layers (see Figure 1).  

Figure 1: Mastcam-Z enhanced color image mosaic 
(zcam08181, sol 169) of the Mure outcrop, showing platy, re-
cessive, thin layers overlain by more massive rocks. Inset is a 
stretched true color image.  

Based on Mars 2020 Mastcam-Z [7] and SuperCam 
RMI [8] images, the layers are 2-10 cm thick and have 
not shown evidence of cross bedding, scour and fill 
structures or graded bedding. Pyroclastic processes may 
have contributed to the Artuby member deposits, as well 
as those of the surrounding region, given that on Earth 
we see basaltic lava flow layers mixed with ash layers 

in analog locations, such as the Kau Desert in Hawai’i 
[9]. A mix of effusive and explosive processes could 
help explain the varied textures seen within the Máaz 
formation, see also [10], and perhaps also that of the Cf-
f1 unit now known as the Séítah formation. This moti-
vates our study of the transport of ash particles in the 
Jezero crater region.  

Ash dispersal modeling: Previous modeling has in-
dicated that mm-size ash grains released from an erup-
tion plume would not travel farther than 10-20 km from 
their source [11]. Fine ash particles (< 130 μm) have 
been predicted to travel many thousands of kilome-
ters from their source vent, assuming a mass density of 
700 kg/m3, a typical value for terrestrial pumice [12]. 

Terrestrial investigations of the properties of ash 
particles have indicated that the size-density relation-
ship of tephra deposits follows a sigmoidal density dis-
tribution [13], and that the finest basaltic ash particles 
(< 63 μm) have a density of 2980 kg/m3, closer to that 
of lithic fragments than of pumice [14]. We take this re-
lationship between particle size and density into account 
within our modeling. 

Methods: Our model uses a fourth-order Runge-
Kutta finite difference method to numerically model the 
dispersal of ash particles from a volcanic plume within 
the martian atmosphere. Particles are released from 20 
km altitude, in line with theoretical predictions of the 
maximum height of convective plumes on Mars and the 
altitude at which ash particle trajectories begin to be 
subjected to drag forces in the current atmosphere [15], 
[11]. Release heights may have been greater in thicker 
atmospheres if volcanic eruption parameters were fa-
vorable. We calculate the motion of a falling particle ac-
cording to Newton's second law, assuming that ash par-
ticles are spherical, using the following equation (1): 
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where u is the particle velocity, t is time, g is accelera-
tion due to gravity, Cd is the drag coefficient, ρa is the 
atmospheric density, ρp is the particle density and d is 
the diameter of the particle. We use an empirically de-
rived expression for Cd [16] and compute each particle's 
trajectory to the surface according to equation 1, ac-
counting for lateral translation of the particle according 
to the wind profile. We use temperature, pressure and 
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atmospheric viscosity values that vary with altitude, de-
rived from a Mars General Circulation Model. 

By solving the full governing equation, we are able 
to account for the changing forces acting on the particle 
in response to changing atmospheric properties. The 
drag coefficient Cd also depends on atmospheric proper-
ties through its relation to the Reynolds number, provid-
ing further justification for closely monitoring the parti-
cle trajectory’s response to these changing atmospheric 
properties. Ash particles are assumed to be spherical, 
coupled to the wind field, and to have no interaction 
with one another; however, ash aggregation is expected 
to occur on Mars and is likely to result in the fallout of 
finer ash particles closer to the vent than would be ex-
pected for individual particles [17]. Initial modeling 
presented in the following section used a generic Mars 
wind field [11], [18], but will be compared with results 
using a wind profile specific to Jezero crater.  

Results: Our modeling thus far has shown that the 
particle density assumption has a significant effect on 
the resulting dispersal distance of the particles, and that 
underestimation of the density of small ash particles 
may lead to an overestimation of their dispersal dis-
tances. Our preliminary calculations based on current 
atmospheric parameters indicate that 1 mm sized ash 
particles are not expected to travel farther than 19 km on 
Mars, which is consistent with the results of [11] and 
[12]. In contrast to previous modeling results, we find 
that finer ash particles (50 μm) would be expected to 
travel a maximum distance of 3000-3500 km from their 
source in the current atmosphere. Therefore, the major-
ity of ash particles are expected to be deposited within a 
few hundred kilometers of their source vent (see Table 
1). In a higher-pressure paleo-atmosphere, preliminary 
calculations indicate that ash particles may have been 
able to travel greater distances.  

Implications: If the presence of ash layers on the 
floor of Jezero crater is confirmed, particularly if such 
rocks are relatively coarse-grained, this may indicate 
that ash layers were deposited under a higher-pressure 
atmosphere and/or that their source vent was relatively 
nearby. Additionally, the mm-size grains of the regional 
olivine-carbonate unit, as inferred from orbital measure-
ments [19], would require many source vents within the 
deposit (a volcanic field rather than a single edifice), to 
account for its large extent. This warrants a reexamina-
tion of possible volcanic structures within the Jezero 
crater region, although such source vents may have been 
covered since being active. There are a number of cone-
like features of interest inside the southern rim of Jezero 
crater and a possible volcanic cone immediately to the 
southeast of the crater, which is approximately 47 km 
away from the current location of the Perseverance 
rover [20]. This dust-covered structure [21] rises ~2 km 

above the Jezero Crater rim and features an elongated, 
irregularly shaped depression at its summit, which could 
be the remains of a summit vent. If a higher-pressure 
atmosphere on Mars persisted until after the formation 
of Jezero Crater, then this could be a viable source for 
any pyroclastic deposits within the crater. 

Table 1: Expected ash dispersal distances under current at-
mospheric conditions for a range of particle sizes from numer-
ical modeling described in the “Methods” section. 

Future work: Our ongoing work includes: incorpo-
rating detailed model wind field data specific to the 
Jezero crater region [22]; investigating the effects of 
varying parameters for possible Mars paleo atmos-
pheres; further investigation of potential proximal 
sources in the region; and assessment of future data 
from the Artuby member rocks, including for grain size 
determination, from observations by the Perseverance 
rover in early 2022.  
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