
DISTRIBUTION AND SIGNIFICANCE OF TECTONIC PATTERNS IN ARGADNEL REGIO, EUROPA.  
C. E. Detelich1 and S. A. Kattenhorn1, 1Department of Geological Sciences, University of Alaska Anchorage, Anchor-
age AK 99508 (cedetelich@alaska.edu, skattenhorn@alaska.edu). 

 
 
Introduction:  Europa, a tectonically deformed icy 

moon of Jupiter, is visually complex with evidence for 
global-scale stresses originating from a variety of 
sources, including diurnal tides, nonsynchronous rota-
tion, true polar wander, and ice shell thickening among 
others [1]. These stresses result in various surface fea-
tures such as troughs, ridges, cycloids, and dilational 
bands [1]. Dilational bands are associated with the em-
placement of new surface material into the space created 
by diverging plates, similar to mid-ocean ridges on 
Earth [1-6]. In order to preserve the surface area of Eu-
ropa, the additional crust created at bands must be com-
pensated in some manner [7,8]. Prior studies into com-
pressional structures on Europa have found large wave-
length folds [9] and contractional bands [10]; however, 
neither of these feature types are sufficiently wide-
spread, or produce the requisite topography that would 
be expected, in order to compensate for the amount of 
new material that is being created at dilational bands. 

In 2014, Kattenhorn and Prockter [11] produced a 
tectonic reconstruction of Northern Falga Regio in Eu-
ropa’s northern trailing hemisphere and found a tectonic 
boundary along which 20,000 km2 of surface material 
appears to be missing. Reconstructed plate-like frag-
ments of the surface revealed this boundary to be a site 
of potential subduction, or subsumption, along which 
icy slabs of crust were subsumed into the subsurface. 
The surface manifestation of this boundary is a smooth 
(almost zero topography) band with non-matching op-
posing margins, referred to as a subsumption band [11].  

The reconstruction of the recent geologic history of 
Northern Falga Regio highlighted two important results 
regarding deformation of Europa’s ice shell: (1) the re-
constructions revealed a prevalence of lateral motions 
of small plates along discrete boundaries; and (2) these 
boundaries occur with the same three types as seen in 
the terrestrial plate tectonic system, albeit with different 
surface manifestations: divergent (dilational bands), 
convergent (subsumption bands), and transform (strike-
slip faulting). 

To further investigate the hypothesis that surface de-
formation on Europa may be strongly guided by plate 
translations or rotations and lateral motions of the ice 
shell, the research we present here is the beginning of a 
detailed analysis into evidence for broad-scale lateral 
shearing on Europa with a focus on Argadnel Regio and 
surrounding areas, particularly Agenor Linea, located 
relatively to the south. We created a preliminary map of 
ridges, bands, and chaos in the area (Fig. 1) along with 

an analysis of how these geologic features vary spatially 
and in orientation. Preliminary mapping reveals distinct 
spatial patterns in feature types and consistent orienta-
tions in some feature types. We also identify an apparent 
linear boundary to the south of Argadnel Regio where 
the complex assortment of bands, ridges, and chaos 
ceases abruptly. South of this boundary, less complex 
sets of fractures and possible cryovolcanics dominate 
southward up to another abrupt boundary defined by the 
dilational strike-slip fault Agenor Linea [12]. 

Preliminary Mapping:  We mapped prominent 
ridges, bands, and regions of chaos at a 1:3,000,000 
scale using the USGS global mosaic (Fig. 1). This scale 
permitted basic preliminary mapping, while more de-
tailed mapping will be conducted in specific areas of in-
terest.  

Argadnel Regio.  Argadnel Regio is geologically 
complex with an abundance of ridges, bands, and chaos 
identified at this scale (Fig. 1). Guided by previously 
mapped regions of Europa [13], we mapped clearly 
identifiable bands and chaos across the region. We then 
mapped major ridges  in an attempt to determine if their 
abundance occurred with any preferred orientations. 
However, the orientations of 616 ridges in Argadnel Re-
gio are distributed fairly uniformly. Regardless, the vis-
ible complexity of the region is indicative of a complex 
tectonic and stress history. 

“Blank” region.  To the south of Argadnel Regio, 
the pervasiveness  of ridges, bands, and chaos abruptly 
changes across an ~E-W oriented, linear boundary that 
may be represented by a band-like feature. The region 
to the south of this boundary is dominated by orthogo-
nally intersecting sets of linear tectonic features along 
with domes and dark colorations that are possibly cry-
ovolcanic materials (Fig. 2). This region is much less 
complex than Argadnel Regio but is nonetheless perva-
sively fractured, requiring more detailed mapping to 
gain insight into the orientations of these tectonic fea-
tures and potential reasons for the abrupt change in de-
formation style compared to Argadnel Regio to the 
north. 

Discussion: The range of deformation features 
and orientations in Argadnel Regio is reminiscent of the 
range of plate boundary types observed in Northern 
Falga Regio [11]. Accordingly, the tectonic history in 
Argadnel Regio has been previously explained as in-
volving a series of motions of small, icy plates [14,15]. 
Detailed mapping will be needed to determine if the 
plate motions and deformation styles can be placed into 
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a broader context of lateral motions of the ice shell, such 
as a broad zone of lateral shearing that includes motions 
along discrete internal boundaries (e.g., Agenor Linea 
and the dashed line in Fig. 2). 

Conclusions: Argadnel Regio is a highly complex 
region with a variety of geologic features indicating 
there are multiple factors contributing to its tectonic and 
stress history. In contrast, the “blank” region to the 
south of Argadnel is dominated by orthogonally inter-
secting faults and cryovolcanics. Whether or not the 
boundary between the two regions in this study is evi-
dence of a subduction zone that has placed disparate 
portions of the ice shell into direct juxtaposition is un-
known at this time. Future detailed mapping will pro-
vide insights into the possibility that regional defor-
mation in Argadnel Regio may be associated with 
broad-scale shearing and lateral motions of the outer 
portion of the ice shell, resulting in a range of feature 
(or plate boundary) types and possible accommodation 
of convergent deformation by subduction zones. 
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Figure 1: Argadnel Regio with mapped ridges 
(green), bands (blue), and chaos (purple). Agenor Linea 
is the prominent E-W band in the south. 

Figure 2: A linear boundary (dashed white) marks 
the abrupt change in deformation style between Argad-
nel Regio to the north and the "blank" region to the 
south. Legend as in Fig. 1. This boundary is distinctly 
band-like in places (white arrow). 
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