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Introduction: Dark regions of Mars remain enig-
matic. Are they unweathered volcanics? Pyroclastics?
Exposed bedrock? Even more enigmatic are the con-
flicting explanations form spectral studies. Recently it
has been suggested that these dark areas may represent
impact glasses (or even tektites) emplaced by a nearby
crater [1]. However, consideration of the Coriolis force
emplaced on ejecta in flight reveals that simple em-
placement models are inappropriate. Previous studies
have considered the effects of planetary rotation, or the
Coriolis effect, on distal ejecta deposition on Mars [2-
3] and Earth [4-6]. Results of such studies [2] showed
that rotational effects are significant for Mars and thus
need to be taken into consideration when mapping
ejecta distributions.

Small particles of ejecta from major impacts have
contributed to global surface materials on Mars. In
conjunction with this global ejecta layer, the surface
also displays these large, concentrated regions of dark
materials composed of either enigmatic andesitic mate-
rials, such as in Acidalia (Type II) [7-8] or more mafic
materials (Type I). The present study examines this
issue further by estimating the total accumulations of
possible glasses (distal materials) since the end of the
Noachian.

Background: Previous models involving ejecta
deposition do not completely account for the effects of
planetary rotation. One major misconception is that the
only required correction is a simple adjustment of the
landing position of the ejecta latitudinally according to
how much the planet rotated beneath the particle while
in flight.  Such an approach neglects angular momen-
tum effects.  The definition of the Coriolis force in
equation form (-2m (w x vr) where m is the mass of the
body, w is the rotation rate of the body and vr is the
velocity of the projectile) intrinsically incorporates
angular momentum.  By containing the equation of the
Coriolis force directly in a series of detailed ballistic
equations, this study presents an accurate model of all
effects of planetary rotation on ejecta deposition.

Previous work [2] focused on displaying rotational
effects on ejecta deposition by mapping out where
prominent contributions of ejecta from individual cra-
ters should be observed. One particularly surprising
result was the substantial accumulation typically found
in the hemisphere opposite from impact. The Coriolis
force causes a distinct trend to occur in the locations of
ejecta deposition sites [2,4].  Such trends result in sig-
nificant concentrations of deposits at rather unexpected

locations. Earlier results have shown that a single, 200
km sized crater could deliver meters of material to the
pole opposite from the impact [2]. The present study
shows how the cumulative effects of such concentrated
deposits from a series of craters could have global im-
plications.

Approach and Results: Trajectories of ejecta
deposition sites have been mapped on surface projec-
tions of Mars for every Hesperian-aged crater (or
younger) that is greater than 100 km in diameter (22
craters in total). These craters were chosen for this
study because they would be the most likely to con-
tribute to the dark materials on the surface. All ejecta
were launched at 45º in order to model a radial, grav-
ity-controlled excavation component. Ejecta-scaling
models [9-10] were incorporated in order to estimate
deposit thickness values and to plot ejecta contribu-
tions. Cumulative distribution maps have been pro-
duced to illustrate the global significance of the con-
centrated deposits that result from the Coriolis force.

Figure 1a shows contributions of late-arriving, dis-
tal ejecta in the northern hemisphere from craters in the
southern hemisphere. Two particular regions stand out
(marked on Figure 1a). Comparison of this image with
the map of Mars below it (Figure 3) shows that these
regions of enhanced deposition of distal clasts ap-
proximately coincide with areas of dark, concentrated
materials.

Figure 1b displays the total ejecta contributions to
the northern hemisphere from all of the craters in this
study. The concentrations shown in image 1b are satu-
rated with the ejecta from the northern hemisphere
craters. Thus, the thickest sequences (shown in red,
yellow and green) represent primarily proximal ejecta
deposits.

One can see that the two regions of enhanced depo-
sition exhibited in Figure 1a do not completely fall into
the regions of major contributions from the northern
craters. Due to their proximity, the craters in the north-
ern hemisphere will dump material into the two labeled
regions. However, the important aspect is that the
southern craters will still be supplying a substantial
amount of the ejecta (up to 50% in some regions) that
one should expect to find at these two particular areas.
Also, the ejecta that is being deposited in these regions
from the southern hemisphere craters (Figure 1a) will
be glass-rich, distal ejecta that, on average, will arrive
later than any proximal (not necessarily glass rich)
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deposits from the nearby craters in the northern hemi-
sphere (Figure 1b).

The image in Figure 2a shows distal, glass-rich
ejecta contributions to the southern hemisphere of
Mars from large, young northern hemisphere craters.
Again, distinct regions show enhanced deposition.
These regions coincide with parts of Syrtis Major
Planum (region 1) and Hesperia Planum (region 2),
two very significant zones of dark materials on the
surface.

Figure 2b displays the cumulative ejecta contribu-
tions to the southern hemisphere from both the south-
ern and northern hemisphere craters. This image pri-
marily shows the focus of the deposit sites from the
southern hemisphere craters. Due to their proximity,
such deposits will saturate the image. These deposits
are again proximal (not necessarily glass-rich) depos-
its.

These thickest deposits emplaced from the southern
hemisphere craters (Figure 2b) do not coincide with
the regions of enhanced deposition shown in Figure 2a.
Thus, the cumulative material expected in these num-
bered regions (couple of meters in thickness) will
contain a significant quantity of distal, glass-rich ejecta
from craters from the opposite hemisphere. Again, as
was the case for the northern hemisphere, these distal
ejecta deposited from the northern hemisphere craters
will be late-arriving and thus will be emplaced on top
of any proximal deposits from the nearby craters. In
fact, the northern craters will deliver ~1m of material
to Syrtis Major Planum and up to 10 meters of ejecta to
regions of Hesperia Planum.

Discussion: Previous studies [2,4,11] demonstrated
that rotational effects are latitudinally dependent. Re-
gardless of latitude, deposition sites of ejecta “wrap” in
the hemisphere opposite from impact resulting in re-
gions of enhanced ejecta emplacement.  This wrapping
trend will occur around the opposite pole for high-
latitude impacts and equatorially for low-latitude im-
pacts [2,4]. Focusing on high-latitude impacts, these
results imply that larger sized craters could bring a
concentration of late-arriving ejecta to unexpected lo-
cations at the pole opposite from impact resulting in
regions of enhanced deposition similar to those shown
near the equator in Figures 1a and 2a. When consider-
ing high-latitude craters in a cumulative sense, the
amount of unexpected material that may build up at the
pole opposite from such impacts may be significant
enough to propose an alternate hypothesis to the origin
of the dark materials found at the poles. All of the
high-latitude southern hemisphere craters used in this
study would deliver a cumulative concentration of  ~53
m of material to 65ºN and poleward.  Approximately
the same was found to be true of the amount of mate-

rial delivered to the south-polar region from high-
latitude northern hemisphere impacts (~49 m of de-
posits).

Radial decay laws do not provide completely accu-
rate predictions of the distributions of ejecta from a
crater. Previously, attempts to map possible ejecta
contributions to the dark materials found at regions
such as Syrtis Major Planum and Hesperia Planum
would focus on mechanisms of emplacement from
direct components of ejecta from large, nearby craters.
It was not expected that the craters farther away in the
opposite hemisphere could be contributing a substan-
tial amount of ejecta to such regions. However, rota-
tional effects on ejecta emplacement cause this to oc-
cur. Regions of enhanced deposition in unexpected
locations build up to the extent that when considering
the cumulative effects of many craters, the hypothesis
of an ejecta-based origin for concentrated regions of
dark materials seems very plausible.

There are other manners in which large concentra-
tions of ejecta may be focused at particular, unex-
pected regions of deposition, contributing to an area of
dark materials.

Plume Driven/Entrained Ejecta. If a target surface
of an impact on Mars happens to be particularly sus-
ceptible to shock heating, some vaporization may oc-
cur. Ejecta launched at angles greater than 45º from the
horizontal can be useful as a first-order estimate of
ejecta trajectories from a possible early-time vapor
phase. In Figure 4, the effect of the Coriolis force on
the deposition of plume driven/entrained ejecta is
shown. This figure shows deposition sites of ejecta that
have been launched at an angle of 80º from the hori-
zontal from the Lyot crater (220 km crater at 50ºN,
331ºW).  Deposition is severely limited immediately
east of the crater and greatly enhanced west of the
crater as a direct result of the rotational effects.

A thin global layer of ejecta may result from depo-
sition from a vapor plume, analogous to the K/T
boundary. A localized concentrated region of deposits
(meters thick in some areas) is not expected. This is
exactly what occurs, however, due to the Coriolis ef-
fect on the deposition of plume-entrained ejecta. The
region west of the Lyot crater that will receive an en-
hanced concentration of deposits coincides with Aci-
dalia Planitia, another large area of dark materials on
the surface of Mars.

Impact Basins: Basins such as Hellas, Chryse, and
Isidis are going to deposit enormous amounts of ejecta
all over the surface of Mars. Rotational effects will
play a role in the location of the deposition sites of
these ejecta. Unexpected regions of enhanced accu-
mulations will occur. In the case of basins, such accu-
mulations could amount to hundreds of meters of ma-
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terial being deposited at unpredicted locations. It is
difficult to map exactly where such enhanced deposi-
tion may occur due to the old age of the impact basins.
The pole that was present at the time of their formation
may not coincide with the present polar location [12].
Future work is necessary in order to assess the pale-
ogeographic coordinates of the basins and the resulting
locations of greater ejecta deposition.

Conclusions: The Coriolis force created by the ro-
tation of Mars has some rather significant effects on
the cumulative build up of deposits from craters. The
total contribution of impact glass deposits through time
could be a plausible source for the dark materials
found in concentrated areas on the surface. Due to ro-
tational effects, craters in the opposite hemisphere tend
to focus distal ejecta deposition to specific locations.
Direct proximal ejecta deposited in the same hemi-
sphere as the source crater (predominantly displayed in
Figures 1b and 2b) may not be very glass-rich due to
the proximity of the crater to the deposits. However,
any ejecta that are brought to the regions of dark mate-
rials from craters in the opposite hemisphere will con-
sist of late-arriving distal deposits that could be very
glass-rich.
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FIGURE 1a: This image displays the cumulative
ejecta contributions to the northern hemisphere of
Mars from Hesperian-aged (or younger) southern
hemisphere craters of 100 km diameter or greater.
Due to the source craters for these accumulations being
located in the opposite hemisphere, the deposits shown
are primarily late-arriving distal (glass-rich) materials.
The two numbers distinguish regions of enhanced
deposition that occur as a direct result of rotational
effects on ejecta emplacement.

FIGURE 1b: This figure shows the cumulative
ejecta contributions to the northern hemisphere of
Mars from all (those located in both the southern and
northern hemisphere) Hesperian-aged (or younger)
craters of 100 km diameter or greater. The thickest
sequences are saturated with proximal deposits (not
necessarily glass-rich) from local craters (northern
hemisphere craters). The two numbers mark the two
regions of enhanced deposition of ejecta from southern
hemisphere craters as illustrated in Figure 1a.
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FIGURE 2a: This image shows the cumulative
ejecta deposits brought to the southern hemisphere
from Hesperian-aged (or younger) craters of 100 km
diameter or greater located in the northern hemi-
sphere.  Due to the source craters of these deposits
being located in the opposite hemisphere, the majority
of material mapped in this image would consist of late-
arriving distal ejecta (glass-rich). The two numbers
label significant regions of enhanced deposition that
occur as a direct result of rotational effects on ejecta
emplacement.

FIGURE 2b: Shown in this figure is the cumula-
tive contribution of ejecta deposited in the southern
hemisphere from all (those located in both the southern
and northern hemisphere) Hesperian-aged (or younger)
craters of 100 km diameter or greater. The deposits
mapped are saturated with proximal deposits (not nec-
essarily glass-rich) from the southern hemisphere cra-
ters. The two numbers mark the regions of enhanced
deposition of distal ejecta from northern hemisphere
craters as illustrated in Figure 2a.

FIGURE 3: Shown is a full global image of the
surface of Mars [13]. The main purpose for the inclu-
sion of this image is to display the dark concentrated
regions that are visible on the surface. Comparison of
this image with Figures 1 and 2 show strong coinci-
dences between the locations of these dark materials
and the areas of enhanced deposition of distal ejecta
resulting from rotational effects.

FIGURE 4: This image illustrates the deposition
sites of ejecta launched at 80 degrees from the hori-
zontal from the Lyot crater (220 km crater at 50ºN,
331ºW).  Ejecta launched at high angles can serve as a
first-order estimate of ejecta that is entrained in a vapor
plume. Rotational effects result in limited deposition
immediately east of the crater and enhanced ejecta em-
placement west of the crater, possibly leading to large,
local accumulations.
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