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Introduction:  General-purpose planetary maps 

typically display the relief or the albedo of a solid 

surface while specialized maps typically show 

geologic units and structures. Relief and albedo data 

are produced through a rigorous technical process 

while geologic maps require intensive manual effort. 

The production process of a geologic maps is itself a 

tool of discovery and the end product, together with 

relief and albedo maps, can be used for further 

scientific analysis [1]. In contrast, geographic maps 

show a complex view of a planetary surface where 

none of the themes dominate. On a background of 

relief or landscape type the physical units of different 

origin are shown together: structures made by tectonic, 

volcanic, aeolian, fluvial, glacial etc. processes are 

displayed using point, line or polygon symbols. 

Geographic maps, unlike geologic maps, are not made 

or used in a process of scientific analysis. Instead, they 

use already existing data from previous scientific 

surveys. Geographic maps display already existing 

knowledge and synthetize our geospatial knowledge on 

a particular surface. The layers of geographic maps are 

important components of any professional planetary 

GIS (Geographic Information System) but there is and 

“optimal” view that shows the complexity of the 

landscape, the co-occurrence of important landforms in 

a particular arrangement, and reveal the relations 

among the physical geographic forms. While most of 

these physical units are identified from their shape, 

therefore are geomorphic in origin, (and are not based 

on their material, as in geologic maps), geographic 

maps differ from geomorphic maps in that the latter are 

based on the slope characteristics of the relief and are 

specialized (thematic) maps. (It should be noted that 

the terms geographic and geomorphic are not used 

strictly for one type of map in the international 

literature). In practice, planetary relief maps, albedo 

maps and geologic maps are produced by planetary 

scientists (planetary geologists) while geographic maps 

are produced by professional cartographers and are 

published by map publishers. A typical example of a 

geographic map is the physical map in a school atlas or 

a classroom wall map. Therefore, while geographic 

maps are not essential for research, they are key in 

geospatial education and outreach. 

Application to Mars: Complex geographic 

information of other planets and moons is only 

available since the last decade; and for most planets 

and moons in the Solar System, their mapping is still 

underway. While the relief or albedo of most planets 

and moons has been mapped, at least from visual 

analysis (airbrush mapping [2]), process-based global 

landform mapping is typically limited to impact craters 

because of their usefulness in determining surface ages 

[e.g., 3]. Geologic mapping do include many physical 

landform types as structural units, but these do not 

cover the complexity of the landscape and their range 

is limited by the actual mapping scale. Geographically 

important but “too small” features are not mapped. 

Most of the geographic data are obtained through 

individual, typically global, mapping projects that 

focus on one single type of landform or feature and 

maps it globally with the aim of completeness [e.g., 4] 

and are often updated and previous results merged 

[e.g., 5]. These research projects require significant 

human effort, manual search, and the availability of a 

high-resolution georeferenced image base layer. Such 

projects have a subjective or interpretive component as 

well, since the identification of a landform type may be 

ambiguous; and the search may miss some features.  

The nature of extraterrestrial geography: The 

type examples of geographic maps are defined on 

Earth, which do have implications. When we speak of 

the “required” balance of complexity of a geographic 

map, we naturally refer to the geology of the Earth 

where relief and hydrology are not just two themes, but 

they are in balance in that they occupy comparable 

portions of the surface and they complement each 

other: where seafloor topography is not shown, the 

oceans have no relief (on a map). Another aspect of 

complexity is the visual co-presence of the themes: 

volcanic, hydrologic, glacial, aeolian features 

(symbols) over the relief base plus the labels show a 

visually attractive balance of the map content. 

However, again, this is the terrestrial experience of the 

physical geography. The Earth is the geologically most 

advanced planet in the Solar System and the other 

planets lack one or many of the types of landforms that 

we have here on our planet. So if we define a 

geographic map based on the presence of physical 

complexity, it is not possible to produce a geographic 

map of, for instance, Callisto, because it does not have 

a geography, in the terrestrial sense. Mars, on the other 

hand, appears to be the most Earth-like planet in the 

Solar System in that Mars does have a geography, and 

this areography is a visibly comparable counterpart of 

the terrestrial geography: its map has all the familiar 

components of a geographic map, but with a Martian 
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flavor: polar ice caps, sandy deserts, volcanoes, 

(paleo)hydrology, and even anthropogenic elements 

(landers, rovers). The geographic map of Mars gives 

exactly the expected “feel” of a map of an alien planet: 

we recognize the elements, but their pattern is 

unfamiliar. Therefore, the term geography is culturally 

defined and is based on our map reading experience.  

Cartographic terms: Leaving the Earth, the term 

geographic may be interpreted as the co-presence of 

all locally available landforms and features on a map.  

There were early experiments with Lunar 

physiographic maps [6], but this approach was 

discontinued when geologic maps surpassed their 

value in research. Additionally, it was a too early 

experiment because at that time there was no detailed 

database available on the surface feature types (these 

are being mapped even today). Now that we have more 

data, we can return to this type of map.  

We may choose the term physical or physiographic 

map (not using the term geo-) to describe this type of 

map. Physical geographic type maps would show 

Earth-like worlds where not one single landform type 

dominates and has hydrology-related landforms (active 

or inactive); selenographic type physical maps would 

show worlds where craters dominate; and Europa-type 

physical maps would show worlds dominated by ice 

tectonics. These would appear fundamentally different 

but still visually and thematically balanced, complex 

physiographic maps. While this may seem to be a play 

with words, this problem is related to the recognition 

of different stages of planetary evolution where the 

respective map products might use different 

cartographic (and cognitive) approaches. Such 

vocabulary will only be available once the mapping of 

exoplanets will produce a statistically meaningful array 

of data on the types of planetary geology.  However, 

since these maps are made for the general public, the 

simplest, “geographic map” term still best evokes the 

image of the map type in question. 

Structure: The Atlas consists of tens of two-page 

spreads. In the first edition in 2021 we followed the 

classical 30 MC quadrangle structure. However, in the 

2022 edition we decided instead to imitate the classical 

terrestrial approach of school atlases: not uniform scale 

views of the entire surface, but spreads designed to 

show geographic units, regions of similar character. 

The regions are shown at different scales, dictated by 

surface geography. This way the physiographic units 

would not be cut into two to four pieces, or map pages; 

smaller regions would be shown at larger scale (more 

details); some regions are shown in multiple 

(overlapping) pages while others are only displayed on 

the global overview (e.g., highlands). This atlas is 

therefore not a reference map, but an atlas that puts 

emphasis on some regions while omits others.   

Coloring: The background map that visualizes 

relief consists of two layers: a color-coded hypsometric 

map or DEM, and a shaded relief generated from the 

above dataset. We used the MOLA-HRSC DEM. We 

used a special color ramp that ranges from dark brown 

(the color of high mountains, as on terrestrial physical 

maps) to yellow (low hills), white, and grey for depths 

(Fig. 1), avoiding green to blue colors that refer to the 

colors of the respective terrestrial environment of that 

given average height (grassy plains and water). With 

this we intended to create a color ramp that mixes 

terrestrial experience but applies it to a lifeless and 

waterless planet. This color ramp can be applied to any 

planet or moon, it is not Mars-specific. 

Summary: It is now the first time when sufficient 

geographic feature data is available for Mars to 

produce a physical geographic map of the planet 

thanks to tens of survey projects conducted in the 

2010s by numerous workers. To our knowledge, this 

Atlas is the first that structured and visualized the 

available geospatial knowledge on Mars in a way 

employed in terrestrial physical geographic maps. 
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Fig 1. Sample preliminary page from the Atlas of 

Mars, showing Tempe Terra. 
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