
 

 

EUROPA�S �MITTEN�: MORPHOLOGY, TOPOGRAPHY AND SURFACE EVOLUTION.  P. H. Fi-
gueredo1, F. C. Chuang1, R. L. Kirk2, and R. Greeley1, 1Department of Geological Sciences, Arizona State Univer-
sity, Tempe, AZ, 85287-1404, 2U.S. Geological Survey, Astrogeology Branch, 2255 N. Gemini Dr., Flagstaff, AZ, 
86001 (e-mail: figueredo@asu.edu) 
 
 

Introduction 
Europa�s �mitten� is an elevated body of blocky 

and hummocky material enclosed in a region of de-
pressed background plains [1]. Because of its resem-
blance to chaos, the mitten has been usually regarded 
as another -yet massive and elevated- chaos area [2; 3; 
4] and its origin has been ascribed within the currently 
debated theories of chaos formation, namely the 
whole-shell or within-shell melting models, and the 
solid-state convection/diapirism models (see reviews 
[5; 3]). In the whole-shell melting model [2], buoyant 
adjustment of a thinned lithosphere would explain the 
depressed area surrounding the mitten, whereas volu-
metric expansion upon refreezing of a slurry melt 
would produce the high-standing feature. In this sce-
nario, the level of the mitten should not exceed that of 
the average surrounding plains. From a preliminary 
analysis of the images, we suggested that some of the 
mitten material may have spread over the surface as a 
mobile flow that resulted from cryovolcanic or diapiric 
activity [1]. This interpretation was later supported by 
the results of a photoclinometric reconstruction of the 
topography of the mitten area that showed that the 
feature stood higher than the normal plains level [6; 
7]. 
 
Unusual feature. Unusual origin? 

In this update, we emphasize several morphologi-
cal differences between the mitten and typical chaos 
regions of Europa: (1) variable relationships with sur-
rounding units, with evidence for crustal disruption 
and upward movement of material on the eastern mar-
gin and evidence for surface flow and crustal loading 
on the western side [1]; (2) depressed base, lying al-
most 300 m below the normal plains level [1; 7]; (3) 
considerable positive relief, especially along the mit-
ten�s margin, where it appears to stand up to 150 m 
above the normal plains level [1; 6]; (4) outward-
tilting peripheral plates on the eastern margin, with 
some plains fragments lying a few 100s meters above 
the pre-existing level; (5) possible mass-wasting de-
posits, reflecting slope instability; and (6) a depressed 
interior, which tends to match the average plains level. 
Despite previous reports of a few elevated chaos areas 
[7; 8], most of these characteristics -taken individu-
ally, much more collectively- are unique to the mitten 
and have not been observed in anywhere else on Eu-
ropa. Thus, we believe that the mitten is a rare type of 

disruption feature and should be treated separately 
from chaos terrain; furthermore, it is likely that the 
current appearance of the mitten and its surroundings 
resulted from an unusual process or processes. 

Because of the assumptions and caveats of the 
photoclinometry technique, the abrupt elevation 
changes along the mitten margin shed uncertainty on 
the elevation of the mitten interior with respect to the 
plains level. We identified a large, dome-like feature 
in E17 data of the trailing hemisphere that we consider 
representative of the doming stage in the evolution of 
the mitten (see next section). Photoclinometry on this 
new feature clearly shows the upwarped plains and 
chaos-like interior standing  several 100s meters above 
the average crust level. Despite conclusive, direct ele-
vation measurements will not be available for several 
years, the photoclinometry results on the E17 feature 
combined with the topography and evidence for subsi-
dence on the mitten (see next section) suggest that 
these features do or did stand higher than the normal 
plains level. Therefore, their formation cannot be at-
tributed to the melting/refreezing model alone [2; 4]. 
The mitten relief must have resulted from (1) the 
buoyant ascent of lower density material or (2) extru-
sion from a pressurized source. These options imply 
the emplacement of subsurface icy/briny material onto 
the surface; in other words, the mitten appears to be 
one of the most outstanding examples of cryovolcan-
ism on Europa. 

 
Proposed Model of Surface Evolution 

On the basis of our observations, estimated topog-
raphy and preliminary interpretations we propose a 
multi-stage working model for the surface evolution of 
the mitten area: 

1) disruption: We find in the study area a higher 
concentration of degraded plains and subdued chaos 
predating the mitten units. It appears, then, that the 
disruption event that created the mitten may have 
taken place in an area endogenically subdued, weak-
ened or thinned in the past.  

2) doming: The plains deformation on the eastern 
and northern margins of the mitten, where they have 
been upwarped and lifted by the mitten material, sug-
gests that the disruption of crustal plains was accom-
panied by doming of the surface brittle ice, most likely 
on the eastern half of the area currently occupied by 
the feature. Examples of large crustal bulges or domes, 
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like the E17 dome discussed above, may correspond to 
this stage of evolution, where we document upwarping 
associated with localized disruption. 

3) flow: the unusual relationships along the west-
ern and southern margins of the mitten are consistent 
with flow of material over the plains. The extruded 
material may have raised a few 100s m above the 
plains level and may have flowed unconfined as a sur-
face lobe towards the west. Evidence for flow advance 
include the circular, lobate outline of the mitten�s 
western side and the possible embayment of pre-
existing fractures, chaos and plains on the west and 
south sides by the mitten and mass-wasting materials.  

4) subsidence and failure: the moat surrounding 
the mitten indicates that its emplacement was accom-
panied by plains subsidence. Three mechanisms may 
explain the crustal depression: (1) lithospheric thin-
ning [2], whereby the crust in the periphery of the mit-
ten progressively thinned and subsided in response to 
the isostatic adjustment of the �flotation level�; (2) 
crustal loading [1], by which the weight of the mitten 
material flexes down the plains surrounding the fea-
ture; and (3) source depletion, involving the formation 
of marginal synclines by transfer of material from the 
subsurface onto the plains. The morphological expres-
sion of each of the three processes is quite similar, and 
most likely all of them contributed in different degrees 
to the final topography of the mitten area. Isostatic 
adjustment may be responsible for the depressed cen-
ter of the mitten, which tends to match the average 
level of the plains, although �as mentioned before� 
this tendency may have been exaggerated by the 
photoclinometry calculations. Crustal loading proba-
bly contributed to the downwarping of plains in the 
western half of the mitten, where contact relationships 
indicate flow of material over the plains (implications 
for crustal thickness are expanded in [9]). Thinning 
and removal of subsurface material most likely played 
an important role on the eastern half of the mitten, 
where most of the plains disruption and extrusion of 
material are interpreted to have taken place. 

The degree of subsidence is variable around the 
mitten margin; it is minimum along the northern side 
and maximum on the eastern side. Plains have sub-
sided and failed along the western margin, relieving 
stress from the plains. We note three arcuate faults that 
roughly follow the NW and SW margins on the mitten; 
the NW fault appears to be the most recent of the 
three, as it runs at a constant distance (3-4 km) from 
the mitten margin and is not partly overlapped by the 
mitten as the other two are. We propose that these 
faults document successive events of stress relief as 
the mitten material spread westward over the ridged 
plains, and therefore constitute an important piece of 
evidence in favor of the material flow interpretation. 

Again, we have not documented this type of evidence 
around any chaos on Europa, supporting the unique-
ness of the mitten. The minimum subsidence of the 
plains along the NW quadrant is consistent with the 
NW fault being the last one to fail on the final stages 
of flow advance. 

 
Summary and Conclusions 

The morphologic characteristics, contact relation-
ships and topographic evidence derived from photo-
clinometry set the mitten apart from other chaos-like 
areas on Europa. The mitten is unique in having vari-
able relationships with its surroundings, a depressed 
base, positive relief with raised margins and a de-
pressed interior, mass-wasting deposits and upwarped 
and elevated plains fragments. Furthermore, these 
elements suggest that the mitten resulted from a com-
plex history of surface evolution, involving the cryo-
volcanic emplacement of material from the subsurface. 
It begins with thinning or weakening of the crust, fol-
lowed by doming of the surface, and extrusion and 
westward flow of material. Isostatic adjustment pro-
duced subsidence of the area and failure of the plains, 
leaving the base of the mitten at several 100s meters 
below the average plains level. 

A conservative interpretation of the improved and 
revised photoclinometry for the mitten cannot decide 
conclusively whether the feature stands higher than its 
surroundings or not. However, topography from a fea-
ture resembling the proposed morphology for the ini-
tial stages of the mitten, and the fact the mitten�s base 
is depressed,  indicate that it did stand higher than its 
surroundings at some point in the past. 
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