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Introduction:  We propose a modification to the cur-
rent Mars impact crater nomenclature system [1] to 
account for recently observed differences in crater 
ejecta morphology. We also present morphometric 
evidence to support this proposal because it is the most 
objective and easiest to apply as a criterion for identifi-
cation of morphologic types.   

Most fresh Martian impact craters larger than ~3-
km-diameter are surrounded by a layered ejecta deposit 
consisting of one (single layer ejecta, SLE), two (dou-
ble layer ejecta, DLE), or more than two (multiple lay-
er ejecta, MLE) layers [1]. While all SLE, DLE, and 
MLE craters display many similar characteristics, there 
are notable and important exceptions that likely inform 
about emplacement processes. Recently we have sug-
gested that there are at least two morphologic types of 
DLE craters (i.e., DLE type-1 and DLE type-2) [2-5].   

 
Figure 1: MOLA 128th-degree profiles of SLE, DLE 
Type 1, and MLE ejecta deposits. 
 
Distinguishing Characteristics of SLE, Type-2 DLE, 
and MLE Craters: SLE, Type 2 DLE, and MLE 
(Type-2) craters (here, collectively called SDM cra-
ters) are all characterized by thin lobate ejecta deposits. 
The edges of all ejecta layers are quite sinuous in plan-
form and each of these layers terminate in a relatively 
narrow rampart (Fig. 1) [5]. These ramparts exhibit 
similar widths from layer to layer, but also increase 
slightly with increasing crater diameter (Fig. 2) [6].  
Radial linear grooves are seen crossing the ejecta de-

posits for the fresher craters of each type (i.e., Type 1 
and SDM). Widths of these grooves remain nearly con-
stant with distance from the crater rim (Fig. 3), only 
slightly increasing with increasing crater diameter, and 
they are morphologically similar to grooves formed on 
landslides [4, 5].  
 

 
Figure 2:  Width of ramparts at the edge of each ejecta 
layer for different crater types [6].  Log-Log plot. 

 
Fig. 3: Average width of radial grooves on Martian 
layered ejecta for different types of craters, as meas-
ured from their rim out to 1.5 crater radii (R), in 0.5 R 
increments.  Log-Log plot. 

Distinguishing Characteristics of Type 1 DLE and 
Type 1 MLE Craters: Type 1 DLE and Type 1 MLE 
craters (hereafter called Type 1 craters) display a num-
ber of characteristics that distinguish them from SDM 
craters [7]. For example, a topographic profile of Type 
1 crater ejecta shows a moat-like depression just out-
side the crater rim followed by the broad rampart at the 
outer edge of the inner ejecta layer (Fig. 1). In addi-
tion, Fig. 2 shows that, while the width of ramparts of 
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all types of layered ejecta craters increase as a function 
of crater diameter, the ramparts of the inner ejecta layer 
of Type 1 craters are distinctly wider than those of 
SDM craters. The outer ejecta layer of Type 1 craters 
also terminates in narrower ramparts than the inner 
layer, but these ramparts still are slightly broader than 
the ramparts associated with SDM craters. On the inner 
ejecta deposit of relatively fresh Type 1, the width of 
the transecting radial grooves typically increases with 
distance from the rim to ~ 1 crater radius (Fig. 3). As 
the diameter of Type 1 craters increases, the width of 
their grooves also increase but at a different rate than 
the grooves on SDM crater ejecta deposits.  Notably, 
the outer ejecta layer(s) of Type 1 craters have unique 
surface morphology (e.g., radial, sinuous grooves and 
ridges that typically curve around obstacles) compared 
with the inner layers of Type 1 craters and the ejecta 
layers of SDM craters [3].   

Suggested Nomenclature:  Evidence points to the 
presence of two major and distinct types of layered 
ejecta types not accounted for in the current nomencla-
ture system. We believe their presence warrants an 
update to the current nomenclature system. For exam-
ple, Type 2 DLE craters appear to be simply a transi-
tional morphology between one and multiple ejecta 
layers but formed by the same process [e.g., 8]. The 
similarities in the general characteristics of Type 2 
DLE craters with SLE and MLE craters indicate that 
they are well described by the current nomenclature 
system [1].  We propose that Type 2 DLE craters simp-
ly be called DLE craters. Based on the morphologic 
and morphometric evidence summarized here, the Type 
1 (DLE and MLE) craters form a separate class which 
we suggest be named in a manner similar to that used 
by volcanologists for volcanoes with different eruptive 
styles; i.e., after a type example crater. We propose the 
name “Bacolorian DLE craters” for this class, after the 
21.2-km-diameter Bacolor crater (33.0°N 118.6°E) 
which clearly displays the typical Type 1 crater charac-
teristics and which has been well-studied by a number 
of researchers (Fig. 4). The suffix “ian” seems appro-
priate since it literally means “of the same group” or 
“similar to”. 

Decision Tree: To facilitate classification of DLE 
and MLE craters into DLE, MLE or Bacolorian craters, 
we propose developing a decision tree scheme of easily 
measured morphometrtic quantities. This method will 
also allow determination of whether more than two 
types of DLE and MLE craters exist. We propose that, 
at a minimum, the following two characteristics be 
used to distinguish between the different types of lay-
ered ejecta craters: (1) Width of inner ejecta rampart 
normalized to crater diameter; and  (2) Presence of a 
moat immediately external to the crater rim. Other dis-

tinguishing characteristics may reveal themselves as we 
expand our analysis of these craters. Although distinc-
tive, groove width characteristics and the curvilinear 
texture on the outer ejecta layer of Type 1 craters are 
not optimal criteria because grooves and the curvilinear 
texture are easily destroyed by erosional processes. In 
addition, groove widths are a tedious measurement to 
make. Hence, we do not include them in this list. A 
DLE or MLE crater displaying a broad inner ejecta 
rampart and a moat (and on fresh craters, the presence 
of curvilinear texture on the outer ejecta layer) would 
be classified as a Bacolorian DLE or MLE (depending 
on how many layers it includes) crater. One displaying 
a narrow inner ejecta rampart, no moat, and no curvi-
linear texture on a fresh outer ejecta deposit would be 
classified as a DLE or MLE crater without additional 
descriptors. Detailed analyses of Bacolorian craters 
will provide insights into whether they form by a simi-
lar process as SDM but with different target character-
istics, or if they form in a completely different manner. 

 
Fig. 4: The 21.2 km diameter Bacolor crater (33.0oN, 
118.6oE) displays the characteristics of the Type 1 cra-
ters and is proposed here to serve as the type example 
of this crater class. 
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