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EJECTA MOBILITY OF LAYERED EJECTA CRATERS ON MARS: ASSESSING THE INFLUENCE OF
SURFACE SNOW AND ICE DEPOSITS. D. K. Weiss* and J. W. Head", ‘Department of Geological Sciences,
Brown University, Providence, Rl 02912, U.S.A. (david_weiss@brown.edu)

Introduction: Martian impact craters often exhibit
unique ejecta morphologies relative to ballistically-
dominated ejecta observed in lunar and mercurian impact
craters [1,2]: martian lobate ejecta deposits frequently
have distinctive ejecta deposit boundaries rather than an
ejecta deposit of gradational thickness and morphology,
and appear to have been fluidized during their emplace-

ment, although there is no consensus on the mode of b

fluidization [1-7]. It has been noted that there exist major
differences among the ejecta mobility values of layered
ejecta craters (EM; ratio of ejecta facies radius from the
rim/crater radius) (Fig. 1; 2a) [1,4,8-10]. Understanding
the nature of the EM of layered ejecta craters may pro-
vide some insight into the conditions in which the impact
occurred. The large values and variations in the EM of
layered ejecta craters have been variously explained as
being due to: 1) variations in volatile-rich target structure
[8] or abundance [3,9]; 2) differences in ejecta particle
size [11]; 3) variations in target softness [12]; or 4) a
base surge [13-15]. Of the layered ejecta craters (Fig. 1),
impacts hypothesized to form in decameters-thick sur-
face ice deposits are a particularly unusual subclass, con-
sisting of perched (Pr) craters [16], pedestal (Pd) craters
(Fig. 1c & d) [17], and more recently proposed, double-
layered ejecta (DLE) craters (Fig. 1b) [18]. In this study,
we test the hypothesis that the fluidized nature and high
EM of these craters can be accounted for by ballistic
deposition followed by ejecta sliding on the lubricating
icy-substrate target surface; in this scenario, the low fric-
tion ejecta-ice interface serves to enhance sliding dis-
tances, and thus EM. We begin by investigating the rim
diameter, EM, and substrate thickness relationships be-
tween the different martian layered ejecta populations,
and then attempt to model the ejecta deposition and slid-
ing process.

Low-aspect-ratio layered ejecta (LARLE) cra-
ters: One class of layered ejecta crater is the low-aspect-
ratio layered ejecta (LARLE) crater (Fig. 1a), which dis-
plays large and variable EM values (EM=1.5 — 21.8;
average 7.1; Fig. 2a & b) and a highly sinuous distal
ejecta edge [14,15]. Previous investigators [14,15] report
that a LARLE crater can exhibit either SLE or DLE
morphology, which is surrounded by the LARLE depos-
it, and that LARLE crater rim crest diameters are typical-
ly larger at higher latitudes. LARLE craters exhibit an
identical latitudinal-dependent distribution to that of Pd
craters [15]. They [14,15] suggest that LARLE craters
are genetically related to Pd craters based on the latitudi-
nal and morphological similarities. As such, LARLE
craters are suggested to form in a “fine-grained ice-rich
mantle deposit” [14,15], and the high EM and high ejecta
sinuosity is attributed to 1) the collapse of the ejecta col-
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Figure 1. Ejecta deposits of six types of martian craters: A)
LARLE crater with DLE morphology, B) DLE crater, C) Pd
crater, D) a Pd crater exhibiting an ejecta deposit within the

pedestal. E) SLE crater, F) MLE crater.

umn, generating a suspension-driven gravity current
[13,15], or 2) a base surge [15], in which the primary
ejecta re-impacts outside the crater cavity and material
surges outward through saltation enhanced by a high
volatile component of the ejecta material.

We conducted a comprehensive analysis of the
global population of LARLE craters in the latitudes
equatorward of ~75°N and ~75°S following the descrip-
tion from [14,15] and found a comparable number of
LARLE craters, confirming the observations of [14,15].
Our analysis of LARLE craters indicates that 93% of the
170 craters examined exhibit DLE morphology: we in-
terpret the outer LARLE deposit as the outer ejecta layer
of a DLE (Fig. 1a). DLE craters, suggested to form in a
surface ice layer by [18], also have large and variable
EM (outer layer EM=0.57 — 9.2; average 2.9; Fig. 2a &
b) when compared with SLE craters (EM=0.43 — 3.9;
average 1.18; Fig. 1e; 2a & b) and multiple-layered ejec-
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Figure 2. Data for several martian layered ejejecta crater popu-
lations. A) Average EM [10,14,15; this study]. B) Crater di-
ameter and EM relationships. C) Crater diameter and icy sub-
strate thickness relationships. D) Substrate thickness and EM
plotted for Pd craters, EE craters (primarily with DLE), and
LLARLE craters.
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ta (MLE) craters (EM=0.4 — 6; average 1.8; Fig. 1f; 2a &
b). Some [17, 19] have classified several craters as ex-
cess ejecta (EE) craters (believed to form in surface-ice
deposits [20]), which we classify more specifically as
LARLE craters based on their high EM values and ejecta
sinuosity. Based on the observation that: 1) numerous
LARLE craters have DLE morphology; 2) LARLE cra-
ters share the same latitudinal-dependent distribution as
Pd, DLE craters and other non-polar ice-related deposits;
3) the greater average diameter of LARLE craters at
higher latitudes; and 4) our classification of several EE
craters as LARLE craters, we suggest that LARLE cra-
ters may form in an ice and snow substrate much like
DLE and Pd craters. The presence of larger LARLE cra-
ters at higher latitudes may indicate impact into a surface
icy layer; one might expect thicker ice layers at higher
latitudes (a trend observed for Pd craters [21]), and so
smaller LARLE craters may not penetrate through a
thick ice layer, leading to Pd crater formation. In this
contribution, we test the hypothesis that ejecta sliding on
a low-friction surface ice layer might be a contributor to
the long runout distances observed.

Crater relationships: The LARLE crater rim crest
diameter values span from the low end of Pd craters (1
km) to typical DLE crater sizes (15 km) (Fig. 2c). Pedes-
tal craters impact into an average ~50 m ice sheet (Fig.
2¢) and they may occasionally display ejecta within the
margins of the pedestal (Fig. 1d). DLE craters impact
into a ~40 m ice sheet (Fig. 2¢) and display broader ejec-
ta deposits. In contrast, LARLE craters typically form in
thinner ice sheets (~20 m on average measured; Fig. 2c;
likely thinner: LARLE deposits generally perched ~10 m
above surrounding terrain [15]) and display laterally ex-
tensive ejecta deposits.

Differences in EM between crater classes could pos-
sibly arise due to ejecta velocity variations. In line with
ejecta scaling laws [22-26], ejecta excavated at greater
depth will have a lower average velocity than shallower
ejecta originating near the surface and the center of the
impact. In an impact into a surface ice layer, the near-
surface, high velocity material is composed of the sur-
face ice layer, and thus the high velocity ejecta material
will experience significantly enhanced vaporization
compared to impact into a rocky substrate, and thus will
not interact with or accelerate the ejecta curtain. Addi-
tionally, the smaller grain size of ice particles (due to
ice’s low tensile stress) results in the preferential atmos-
pheric deceleration of the unvaporized ice. Hence, en-
hanced vaporization and deceleration of icy ejecta mate-
rial eliminates the highest velocity ejecta material from
the advancing ejecta curtain. Therefore, as the surface ice
thickness increases and the depth of penetration below
the surface ice is reduced, the volume of icy material
increases in relation to the volume of excavated regolith
material, and more high-velocity ejecta (shallow icy ma-
terial) is eliminated from the ejecta curtain.

Since the LARLE crater icy substrate is relatively
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Figure 3. Interpreted sequence of events for Pd ([17]; left
column), DLE ([18]; middle column), LARLE craters (right
column).

thin, the excavated regolith (that immediately below the
icy substrate) will exit the crater cavity at high velocities.
In contrast, DLE craters typically form in a thicker ice
sheet (~40 m), and so the regolith below the icy substrate
is excavated from greater depth relative to the surface,
and will exit the crater cavity at a lower velocity, thereby
decreasing the EM; in this scenario, a substantial portion
of the icy surface layer within the transient cavity is va-
porized/decelerated upon impact. Fig. 2d shows that
higher EM values are observed as a function of decreas-
ing icy substrate thickness, which may indicate that with
decreasing substrate thickness, more high-velocity ejecta
is excavated and will contribute to the ejecta facies
runout. We suggest that the thickness of the surface ice
layer may be important in controlling the velocity of the
ejecta that will contribute to the observed ejecta facies
runout. We tested the idea that the morphologic differ-
ences between Pd craters, LARLE craters, and DLE cra-
ters might result from gradations in crater diameter and
icy substrate thickness. We suggest that the proportion
between the volume of icy material and the excavated
regolith (i.e. depth of penetration below the icy substrate)
is a controlling factor on the specific morphology that

will be attained upon impact (Fig. 3a).
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