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Introduction: Lineated valley fill (LVF) and lobate
debris aprons (LDA) form in association with fretted ter-
rain and fretted channels in the northern part of Arabia
Terra [1-3]. Regional geological mapping [4] shows that
LVF and LDAs represent Amazonian-aged modification of
fretted topography, which itself formed prior to middle
Hesperian. Analysis of MOC and MOLA data [5] in
Mamers Valles, a Hesperian fretted valley, revealed a
three-component slope-texture typical of many LDAs: 1)
steep 20-30° upper bedrock slope, 2) intermediate 3-5°
slope with smooth texture or lineations normal to the slope,
3) main LDA sloping 1-3°, extending up to 20 km, with a
distal margin sloping up to 6° [5]. Major questions associ-
ated with LDA and LVF are: 1) the nature of the lobes
forming LDA; 2) the direction of flow in LDA and LVF
(either normal to scarps and valley walls [2], or parallel,
down-valley [6]); 3) the extent and continuity of flow in
LVF [5]; 4) relationships between the LDA and the LVF;
and 4) the mode of origin of the LDA and LVF (e.g.,
groundwater-fed, ice-assisted rock creep, ice-rich land-
slides, rock glaciers, debris-covered glaciers) [2-7]. Recent
analyses of LVF in adjacent regions [8-9] have shown evi-
dence for local sources of LVF in alcoves in valley walls,
down-valley flow, merging of flowlines into broad trunk
valleys, extensive along-valley flow, and termination in
lobate deposits, all features that are similar to valley glacial
landsystems on Earth. In this study we analyzed LDAs
surrounding several isolated mesas adjacent to the dichot-
omy boundary in the area (41°E, 45°N) north of Ismeniae
Fossae, the northernmost part of the dichotomy boundary.
The region is characterized by two major mesas and a se-
ries of smaller satellite mesas and hills with surrounding
LDAs. The two larger mesas, ~60 and 120 km in length,
are arrayed in an arcuate pattern around the large Ismeniae
Fossae depression and may represent the northernmost
portion of the ancient crater rim. The current mesa topog-
raphy is characterized by a series of bite-like 5-10 km wide
alcoves along their margins (Fig. 1). The purpose of the
analysis was to assess LDA character and origin, and its
evolution in areas of large and closely-spaced mesas (Fig.
1). We subdivided LDAs into linear (occurring along the
dichotomy boundary) and circumferential (aprons gener-
ally surrounding the massifs).   

General characteristics and distribution of LDA
and LVF: In contrast to the broadly lobate nature of LDAs
seen in Viking images, linear lobate debris aprons along
the dichotomy boundary scarp (Fig. 1) are composed of
numerous parallel ridged lobes (Fig. 2) emerging from
alcoves in the scarp wall (Fig. 7) and flowing downslope,
compressing and deforming to form the broad apron seen
at Viking resolution. Distal, medial, and looping concentric
ridges are common, as are pits and depressions (Fig. 2).
Where downslope obstacles are encountered (Fig. 7) flow-
lines are diverted and sometimes join with LDAs from
other adjacent mesas. In the circumferential LDAs sur-
rounding the mesas, similar relationships are observed
(Fig. 3); here two major LDA lobes source in alcoves as a
series of small lobes that join together into larger lobes,
extending down to the base of the LDA. Many additional
smaller lobes source in smaller alcoves between these two
and bend around the major obstacle and rejoin distally to
form portions of the broad distal LDA. West of this area
(Fig. 1), circumferential LDAs again are composed of nu-
merous individual lobes sourcing in alcoves of various
sizes (Fig. 4), flowing downslope as discrete, but conjoined

lobes, and flowing around obstacles (lower right) toward
the adjacent lowlands (lower left); the 4 km wide alcove in
the top middle displays at least two generations of lobes
(one which extends to the distal reaches of the LDA, and
two smaller, apparently superposed lobes confined to the
vicinity of the alcove). LDAs extending out onto adjacent
lowland floors terminate in steeper-sloped, outward-facing
scarps (Fig. 4), series of parallel ridges reminiscent of mo-
raines (Fig. 2), pitted and grooved textures (Fig. 2-5), and
where they encounter local depressions, piedmont-like
flow lobes (Fig. 5). Where mesas are closely spaced (Fig.
6), LDAs merge and are diverted laterally into broad folds
that are compressed and merge into LVF, flowing down
slope and often becoming a broad lobe in the linear LDA
along to the mesas; in this region, there is a topographic
and flow divide separating N- and S-flowing LDA and
LVF. Evidence for an apparently superposed LDA with
abundant ridges and a distal moraine-like feature is seen
emerging from an alcove in the middle right (Fig. 6). In
other cases where mesas are close together (Fig. 8), flow
lines emerging from alcoves rapidly bend downslope and
join other alcove and valley tributaries, compressing and
deforming to create LVF.   

Direction of flow in LDA: These examples make clear
that the broad lobes observed in Viking images are com-
posed of individual parallel lobes emerging from alcoves
and extending downslope; the origin in alcoves, the char-
acter of the flow, the pits and troughs suggesting preferen-
tial sublimation of ice-rich material, the distal piedmont-
like lobes, and the distal moraine-like ridges, all suggest
that the flow was very ice rich, similar to a debris-covered
glacier.

Direction of flow in LVF: Detailed analysis of LVF
flow directions show that flow is in a downslope direction,
away from topographic and flow divides (Fig. 1).

Relationships between the LDA and LVF: LDAs can
merge and become LVF (Figs. 6-8), and LVF can merge
and become a part of LDAs (Fig. 6). Their intimate asso-
ciation suggests similarities in origin.

Mode of origin of the LDA and LVF: Our analysis
suggests that linear LDAs and LVF are intimately related
in morphology and modes of origin. The very close rela-
tionship of LDA source regions with alcoves (Figs. 2,4,7),
and the wide range of associated features (e.g., concentric
ridges (Fig. 2,7), pits (Figs. 2-5), moraine-like features
(Figs. 2,4,7), piedmont-like lobes (Fig. 5), merging of
flowlines into LVF (Figs. 6,8), etc.) all suggest an inte-
grated system, beginning in alcoves and ending in distal
lobes. We thus interpret the evidence documented here to
support a major role for debris-covered glaciers: in this
interpretation, accumulation of snow and ice in alcoves
along the mesa flanks, together with debris from adjacent
cliffs, led to the formation and outward flow of debris-cov-
ered glacial ice to form LDAs. As LDAs grew and coa-
lesced (Figs. 2-5,7), they merged between massifs and
began to flow down-gradient, forming LVF (Figs. 6,8),
ultimately creating valley glaciers with divides (Figs.
6,8) and integrated glacial landsystems [e.g., 7,8] (Fig.
1).
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Fig. 3. Circumferential LDAs;
THEMIS V03469007.

Fig. 2.  Linear LDAs; THEMIS V12356003.

Fig. 6. Converging LDAs to form
LVF; THEMIS V13579004.

Fig. 4. Coalescing LDAs; THEMIS
V13604003.

Fig. 5. Piedmont-like lobe in distal
LDA; THEMIS V12356003.

Fig. 1.  Topographic map of the region; 100 m contour interval.  Arrows show
direction of flow.

Fig. 7. Linear LDAs converging;
THEMIS V03469007.

Fig. 8. LDAs converging into LVF;
THEMIS V13916010.
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