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Introduction: The mid-latitudes of Mars (30°-60° 
N and S) represent areas of geologically young 
volatile-driven activity where ice has played a major 
role in surface modification [1-5]. Ice-rich flow 
features that are indicative of past flow include: lobate 
debris aprons (LDA), lineated valley fill (LVF), and 
concentric crater fill (CCF) [6-13]. These features are 
highly concentrated in several mid-latitude regions on 
Mars. LDAs, the largest in terms of number and areal 
coverage, may be similar to terrestrial debris-covered 
glaciers--a primary ice-rich mass capped by a thin non-
ice lag [14-15]. Results of climate models predicting 
volatile accumulation zones on Mars correspond to one 
highly concentrated LDA site in eastern Hellas [16-18]. 
Other smaller-scale ice-rich landforms observed in 
high-resolution images include arcuate ridges (AR) and 
viscous flow features (VFF) [1, 19-21]. LDAs, LVFs 
and CCFs, are often covered by widespread ice-
cemented mantling deposits [5-6], and ARs and VFFs 
may result from remobilization of these materials. 
Although ages derived from crater size-frequency 
distributions generally indicate that LDAs and other 
ice-rich deposits are Amazonian, the timing, intensity, 
and duration of past flow events remains unclear. 

Global Mapping and Database: Although 
numerous studies have focused on various aspects of 
LDAs, there is currently no global map showing the 
distribution and extents of these features. LDAs, LVFs, 
and CCFs were not included as distinct units in 
previous 1:25M global maps of Martian geology due to 
map scale. In more detailed 1:1M geologic maps, 
LDAs have been mapped as a distinct geologic unit 
[22-26], but these maps do not adequately cover all 
major apron populations. 

For these reasons, we are currently compiling a 
GIS-based (ESRI ArcGIS) global map and database of 
LDAs and related features (including LVFs and CCFs 
and hereafter collectively referred to as LDAs) in order 
to better understand the global inventory and 
distribution of these relict ice-rich deposits. The map 
will contain the fully mapped extents of LDAs and an 
associated database, which includes attribute 
information on their distribution (location, elevation), 
morphometric (surface area, volume), and morphologic 
(surface textures, relative position) properties. The 
boundaries of former LDAs (depressions 
circumferential to mesas and plateaus) will also be 
included [27]. This database builds upon the earlier 
work by [28-30] in which they compiled various 
morphometric parameters for the eastern Hellas, 

Tempe/Mareotis Fossae, and Deuteronilus Mensae 
LDA populations. 

For mapping, we are using a global THEMIS day 
IR mosaic (100 m/pix) in simple cylindrical projection 
as our base and all available CTX images (5-6 m/pix) 
from the NASA Planetary Data System (PDS). The 
latter are used to refine LDA boundaries mapped on 
the THEMIS base and to help identify greater numbers 
of LDAs than could be seen in THEMIS data alone. 
Although CTX coverage is not complete across the 
mid-latitudes, the images are ideal in terms of having 
large coverage areas at high spatial resolution. 
Individual CTX images are processed using U.S. 
Geological Survey ISIS software and geo-registered to 
our ArcGIS database. The positions of individual ARs 
and VFFs are also recorded in our database; however, 
we do not map their boundaries. 

In our mapping of LDAs, we use the following 
guidelines: a) where multiple lobes appear to coalesce, 
we map the LDA as a single complex; b) both surface 
texture and topographic shade are used as guides for 
mapping the full LDA area; c) where LDAs have both 
a remnant frontal lobe (i.e., topographically high toe) 
and a recessed area behind the lobe, both are mapped 
together as a single complex; d) if the margin of one 
LDA overlaps another LDA, they are mapped 
separately; e) non-related features within an LDA (e.g., 
high mounds, crater rim) are excluded from the 
mapped area. It should be noted that not every mapped 
LDA may be a former ice-rich flow deposit. For 
example, many interior crater LDAs could be mass-
wasted slump deposits. Near the completion of 
mapping, we will review all LDAs and add confidence 
values as a geodatabase attribute. 

Current Status and Results: Mapping is currently 
focused on the southern hemisphere between 30° and 
60°S latitude (Figure 1). Approximately 30% of the 
hemisphere has been mapped using THEMIS and 
~10% has been mapped using CTX. While most LDAs 
mapped to date are concentrated in the eastern circum-
Hellas region (~87% between 90°-135°E), they are 
observed throughout the southern mid-latitudes and are 
particularly common within impact craters. 

A total of 803 LDA complexes, including 1278 
individual LDAs, have been mapped and attributed 
thus far. These represent nearly all complexes in the 
region between 83°-180°E. Each complex may have 
more than one mapped LDA. Of the mapped LDAs, 
63.9% are associated with impact craters (interior and 
exterior walls), 24.3% with massifs (individual and 
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large groupings), 8.1% with valleys (Dao, Niger, 
Harmakhis, and Reull Valles), 2.7% with escarpments, 
and 1.0% with some combination of the above types. 
The areal coverage of LDAs associated with impact 
craters is 67,763.5 km2 (41.1%), with massifs 53,043.5 
km2 (32.2%), with valleys 26,318.3 km2 (16%), with 
escarpments 6,902.2 km2 (4.2%), and with some 
combination of all types 10,546.1 km2 (6.4%). Based 
on analysis of overlapping margins, 84.8% of all LDA 
complexes have non-overlapping aprons and 15.2% 
have at least one or more overlapping aprons. The 
maximum number of overlapping aprons, not all 
consecutively stacked in one given spot of an LDA 
complex, is six. In terms of CTX coverage, 43% of 
LDAs have no coverage, 14% have partial coverage, 
and 43% have full coverage. 

Discussion: Early results indicate that the majority 
of LDAs are associated with impact craters and massifs 
(88.2%). The combined areal coverage of these two 
feature types also forms the majority (73.3%) for all 
LDAs. The decrease in total coverage relative to 
number is a likely indication that crater size limits 
LDA development (i.e., less confinement for massif-
related LDAs). Most LDA complexes are composed of 
non-overlapping aprons (~85%). This result and their 
widespread distribution throughout the southern 
highlands may reflect one period in which ice-rich flow 
was prevalent on Mars. 
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Figure 1.  Current map of LDA boundaries (red) in the southern hemisphere of Mars between 30° and 60°S latitude. 
CTX image footprints (data as of December 2012 NASA PDS) shown in light blue. Green dots denote the locations 
of individual ARs and VFFs. 
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