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Introduction: Europa’s extremely young surface 

age, evidence for extensive resurfacing, and indications 

of a sub-surface ocean elevate its astrobiological poten-

tial for habitable environments and make it a compel-

ling focus for planetary geological study. Knowledge 

of the global distribution and timing of Europan geo-

logic units is a key step for understanding the history of 

the satellite and for identifying areas of concern and 

features relevant for future study.   

We have produced an updated 1:15,000,000 global 

geologic map of Jupiter’s moon Europa based on com-

bined Galileo and Voyager 12.6 to 0.23 km per pixel 

photomosaics produced by the U.S. Geological Survey 

[1]. This contribution builds upon the global map pre-

sented by [2] and incorporates the interpretations of 

material units and sequences of events presented by [3-

8]; these works provided a local to sub-regional per-

spective and employed different criteria for the deter-

mination and naming of units. Unified guidelines for 

the identification, mapping and naming of Europan 

geologic units were put forth by [9] and employed in 

regional-to-hemispheric scale mapping [10, 11] and the 

first global geologic map [2]. This effort has provided 

a more complete understanding of the material surface 

units, their stratigraphic relationships, and the resurfac-

ing history associated with their formation.  

Methodology: A global mosaic utilizing the best 

available Galileo and Voyager regional and high reso-

lution coverage was used as a basemap [1] for mapping 

in ArcGIS, following suggested methodology of stra-

tigraphy for planetary mapping [12]. Due caution was 

exercised to avoid making distinctions between units 

that are functions of variations in resolution, illumina-

tion, and viewing geometry. In areas of high resolution 

coverage (better than 1.7 km/px), contacts were 

marked as definite, and left as queried in areas of low 

resolution coverage.  

Material Units: Geographic regions are character-

ized in terms of the five main surface units summarized 

by [9]: plains, chaos, band, ridge, and crater materials. 

Plains Material. Globally extensive plains appear 

smooth at regional or global resolution but are intense-

ly ridged at higher resolution. Plains are characterized 

by cross-cutting ridges and troughs at multiple scales 

with various geometries including arcuate, sinuous and 

anastomosing. Some localities are disrupted by pits and 

domes; however, plains are sparsely cratered. Ridged 

Plains are the most extensive of the plains materials. 

Varying degrees of texture, deformation, albedo, len-

ticulae density, and topographic relief, along with em-

bayment and linea cross-cutting are prevalent.  

Chaos Material. Disrupted terrain which forms 

dark albedo features in global or regional resolution 

and has sharp embaying contacts with brighter, 

smoother plains units are termed chaos. At low resolu-

tion, regions of chaos can also have transitional areas 

of dark albedo spots in a high albedo matrix. At higher 

resolution, the chaos is seen to be hummocky plains 

with plates of younger plains units in a matrix of dark, 

knobby material. Variations in elevation, degree of 

disruption, and density of lenticulae have led to discus-

sion on the level of disruption that establishes the dif-

ferences between chaos, lenticulae, and plains [13].  

Band Material. Linear, curvilinear, or cycloidal 

zones distinguished by contrast in albedo and/or tex-

ture to surrounding terrain are termed bands. Typical 

bands exhibit sharp margins and an internal structure of 

subparallel ridges and troughs which may be subdued.  

Ridge Material. Linear features and accompanying 

slope material are identified as ridges. These materials 

occur as single crests, central troughs bounded by a 

ridge pair, and complex subparallel ridges. They range 

in length from a few to >1000 km with widths up to 

several km and are convex to trapezoidal in cross-

section. Ridges may exhibit tapering, flank slopes, and 

mass wasting. Dilation, sinuous margins, anastomosing 

and discontinuous sets, and bifurcation are common. 

Some ridges are cycloidal. These materials are mapped 

as structural symbols though they correspond to a spe-

cific formation process and time. Widely spaced linear 

features that consistently cross-cut younger plains units 

and are distinct from the densely spaced ridges in 

plains units and warrant a designation as a framework 

lineament; these are used as stratigraphic markers.  

Crater Material. All material comprising a crater’s 

floor, central peak (when present), wall, raised rim, and 

ejecta deposits is mapped as crater material. 

Stratigraphy: The paucity of impact craters on the 

surface of Europa prevents a determination of relative 

age between material units based solely on crater den-

sity frequencies. Rather, we establish stratigraphic 

markers as a function of linea cross-cutting relation-

ships [14] and attempt to illustrate the surface history 

through four periods of formation based these linea 

relationships. These framework lineaments (Figure 1) 

indicate the most important stratigraphic markers for 
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formation periods and represent a simplification of 

stratigraphy while preserving overall geologic units and 

major structural features (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. An example of how framework lineaments are defined. The 

red line follows Corick Linea, which exhibits cross-cutting relation-

ships (arrows) with multiple other linea and serves to distinguish 

between the bright ridged plains (center background) and areas of 

more chaotic origin (upper left).  

 

The earliest preserved material units on Europa are 

dominated by the intricate ridged plains materials, typ-

ified by Balgatan and Falga Regio where bright plains 

are crisscrossed by ridges. The second period of for-

mation is typified by the emplacement of many promi-

nent linea and the bands or “wedges” of Argadnel Re-

gio. The Tyre and Callanish impacts occurred during 

this period. The third period of formation is typified by 

broad regions of chaos as seen in Dyfed and Powys 

Regio and widespread emplacement of lenticulae. The 

youngest materials on Europa include lineaments, cha-

os, and the prominent crater Pwyll.  

Formation Processes: Full understanding of the 

formation and evolution of each material unit and 

structural group requires reflection on globally con- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sistent origins for each feature or an interpretation of 

potential local conditions or controls not excluded by a  

global process as all units and structures are represent-

ed globally. We have undertaken a comparison of all 

previously proposed formation mechanisms to attempt 

to establish the most likely scenarios of unit formation 

and evolution. To augment the basic description and 

interpretation of geologic units and features and to aid 

in our understanding of formation mechanisms so that 

we may appraise each model for its merit, we are ex-

amining the Galileo NIMS data to assess correlations 

between composition and geology or topography as in 

[15]. In addition, we are reviewing all photoclinometry 

and stereo imaging results from [16]. 
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Fig. 2. Europa map illustrating 100 framework lineaments that establish a stratigraphic framework. 
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