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Introduction: We applied the newly developed 

grid-mapping method to quantify the geography of 

given landforms [1-6]. Grid-mapping allows to map 

extensive areas with efficiency and objectivity 

[2,3,4,5], it also helps to reveal relations between dis-

tribution and morphologies which are only visible from 

a wider perspective. Thus, we studied the distribution 

of water- and ice-related landforms by latitude to de-

rive information about the climatic environments be-

tween equator and south pole in Noachis Terra. 

Methods: The grid-mapping approach is based on 

a tick box system/layer, overlaying various remote 

sensing datasets. It requires a multi-layer GIS-

environment in order to combine both remote sensing 

imagery and a polygonal vector shapefile containing 

the grid boxes (each 20×20 km; Cassini-projected 

map). Every box is being investigated for the presence 

or absence of pre-selected landforms. This approach is 

able to increase the level of intersubjectivity, as it is 

based on simple “Yes” and “No” decisions of the map-

per. Hence it is possible for every reader to follow each 

of the mapper’s decisions. Mapping scale was 1;25,000 

and is based on CTX imagery [7]. 

The research area is a 100 km wide swath extend-

ing from the equator (9.8°-11.5°E, Fig. 1) to the south 

pole. The study area has been selected as it consists of 

a representative portion of the southern highlands 

without any other significant large topographical fea-

tures in its vicinity that might influence the distribution 

of landforms. 

Results: Among 30 pre-selected landforms, we are 

focusing on seven landforms in this abstract. They can 

be separated into two genetic landform assemblages: 

Assemblage 1 (airfall deposits; Fig. 2): Dust [8], 

latitude-dependent mantle deposits LDM [9], lower 

and upper polar deposits [e.g., 10]. While dust is a dry 

airfall deposit, the three other ones (LDM, lower and 

upper polar deposits) contain high amounts of volatiles. 

Dust covers most of the low latitudes. It vanishes 

around 30°S, when it is superseded by LDM. Around 

65°S LDM is getting replaced by (or transits into?) the 

lower polar deposits, that are overlaid by the upper 

polar deposit around 75°/80°S. 

Assemblage 2 (landforms indicative for a volatile-

rich (periglacial) environment; Fig. 2): Filled craters 

[11], segmented gullies (segmented into alcove, chan-

nel, and fan) [12], and pedestal craters [13]. We found 

this assemblage around 5°-10°S (Population (N) in Fig. 

3) and 25°-85°S (Population (S) in Fig. 3). Between 

15° and 25°S none of these features were found. So 

these two populations are separated from each other. 

Discussion: Assemblage 1 provides geomorpholog-

ical evidence for at least three large-scale layers con-

taining ice. The transition zone from dry dust to LDM 

(~30°S) suggests a relation between the two landforms. 

Possibly, dust might be a dry sort of LDM, having 

more or less the same age. The two polar deposits 

(starting at 60°S and 70°S) show some features that are 

typical for the polar ice cap; the lower layer shows dark 

material (dark dune spots and Martian spiders). Addi-

tionally, the upper layer shows polar sublimation pits, 

and resembles even more to polar ice cap deposits than 

the lower deposit. Altogether, these three layers may 

show deposits of the most recent Amazonian obliquity 

changes. Stratigraphically, the lower polar deposits can 

be distinguished very well from the upper polar depos-

its, while the integration of LDM within the strati-

graphical column cannot be unambiguously determined 

yet (crater counts are still pending). 

The results of Assemblage 2 support theories that 

ice has been deposited at lower latitudes due to high 

obliquity change. [14]. The landforms found at 5°-10°S 

must have been formed when the climate at these lati-

tudes was more favorable for the deposition of volatile-

rich materials [15]. Below 85°S none of these feature is 

visible due to a thick cover of polar deposits; but we 

cannot exclude that they are present underneath. 

Future Work: Future work will provide a comple-

tion of the results for Noachis Terra by adding the re-

sults obtained in the northern hemisphere [3,4,5]. Thus, 

it is possible to quantify the landforms on a global 

scale, and to juxtapose the distribution of landforms on 

both hemispheres: How different is each hemisphere? 

Are there asymmetries of the zonal environments? How 

much does the global topography influence the distri-

bution of water- and ice-related landforms? 

References: [1] Ramsdale J. D. et al. (2017) PSS 

140, 49-61. [2] Voelker M. et al. (2018) Icarus 307, 1-

16. [3] Orgel C. et al. (in press) JGR. [4] Ramsdale J. 

1776.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



D. et al. (in press) JGR. [5] Séjourné A. et al. (in press) 

JGR. [6] Voelker M. and Ramsdale J. D. (2019) in: 

Planetary Cartography and GIS, Ed. Hargitai H.. [7] 

Malin M. C. et al. (2007) JGR 112, E05S04. [8] Kahn 

R. A. et al. (1992) in: Mars, 1,017-1,053. [9] Kreslav-

sky M. A. and Head J. W. (2002) GRL 29 (15), 14-1-

14-4. [10] Rodriguez et al. (2015) Icarus 248, 407-

411. [11] Levy J. et al. (2010) Icarus 209, 390-404. 

[12] Malin M. C. and Edgett K. S. (2000) Science 288, 

2,330-2,335. [13] Barlow N. G. et al. (2000) JGR 105, 

26,733-26,738. [14] Laskar J. et al. (2004) Icarus 170, 

343-364. [15] Head J. W. et al. (2003) Nature 426, 

797-802. 

Fig. 1 (right): Study area (red box) in Noachis Terra, 

Mars. Elevation key: blue=low, red=high (Google 

Earth, basemap MOLA) 

Fig. 2 (center): Graph showing the normalized distri-

bution of Assemblage 1 by latitude. 

Fig. 3 (below): Graph showing the normalized distri-

bution of Assemblage 2 and its two populations North 

(N) and South (S) by latitude. 
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