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Introduction

Methods

The surface of Europa is heavily dissected by tectonic features that may act as the boundaries of icy lithospheric plates. Analyses of plate motions on Europa have both provided
insight into the formation and evolution of speciﬁc feature types and provided a means
of testing processes described (and assumptions made) based on terrestrial plate tectonics [e.g., 1-4]. The scale of plates observed on Europa is generally on the order of 104105 km2, or less than ~0.3% of the satellite’s surface area. This presents a signiﬁcant
challenge to reconstructing plate motions in regions with complex geologic and stratigraphic relationships (i.e., much of Europa’s surface). Here we use inferences based
on observed cross-cutting relationships, an open source plate motion visualization
tool (GPlates), an inverse method for assessing plate motion poles-of-rotation, and a
tool for modeling surface stresses (SatStressGUI) to reconstruct the history of plate
motions for a portion of Europa’s surface containing Astypalaea and Libya Lineae.

I. Examine cross-cutting relationships involving Astypalaea Linea, Libya Linea, and other
key features to identify potential plate boundaries.
II. Use the GPlates open source visualization software to reconstruct the motions of deﬁned plates in a manner consistent with inferences based on cross-cutting relationships.
III. Validate plate reconstructions of the region using an inverse modeling technique that
determines least-squares best-ﬁt poles-of-rotation (and their associated errors) for twoplate systems.

Figure 1: GPlates window with plates and study
region outlined in yellow.

IV. Assess the viability of plate reconstructions of the region in the context of nonsynchronous rotation stresses (NSR) using the open source SatStressGUI modeling program.

I. Cross-cutting relationships involving Astypalaea Linea, Libya Linea, and other key features
Stage 1: Formation of Astypalaea Linea,
following several generations of stratigraphically older linea

Stage 2: First sequence of Libya
Linea formation, northwest and
east of Astypalaea

Stage 3: Formation of stratigraphically youngest strand of
Libya Linea

Figure 2: Three-stage stratigraphy of Astypalaea and Libya Lineae region,
along with numbered two-plate systems used for reconstruction

II. Reconstruction of plate motions associated with the formation key features
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III. Validation of reconstruction using two-plate systems
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IV. Assessment of reconstruction in context of NSR stress
Table 1: SatStressGUI output for runs of 100,000 and 250,000 years [5,6] showing time to reach amount of greatest tensile stress that matches mapped azimuths
(Fig. 8). It takes a greater amount of NSR in ° to shear the strike-slip fault formed
at the margin of Astypalaea Linea than it does for the dilation of Libya Linea that
overlays the same strike-slip fault.
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Figure 3: Rotation of
the margin of Cyclades
Macula prior to shearing
of Astypalaea, followed by
said shearing. ~5 km of
material is lost, indicating
possible convergence.

Figure 8: Stratigraphic contact between a fault offshoot of Astypalaea (yellow),
which is observed to be older than and overlain by a portion of Libya (red). The
trends were assumed as directions of greatest tensile motion during lineament
formation.
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Figure 7: Plotted best-ﬁt poles-of-rotation for three two-plate systems.
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Figure 6: Diagram illustrating the inverse modeling technique [3]. Points A and B represent an offset feature on
ﬁxed plate 1, while C is the margin of the same offset feature on the neighboring, moving plate 2. The model calculates the best-ﬁt ﬁnite pole-of-rotation that lines up point
C’ on reconstructed moving plate 2 with line AB.
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Figure 5: Compression and shear motion between plates 3 (moving)
and 1 (ﬁxed), indicating 5 km of possible material lost.

Figure 4: Reconstruction of major tectonic events in the study region, forward in time from oldest (a) to the present day (e).

• A reconstruction for a series of plates involved in the formation of Astypalaea and
Libya Lineae was produced that is consistent with:
– observed cross-cutting relationships in the region
– analysis of poles-of-rotation for individual two-plate systems
– NSR stresses as a (potential) driving mechanism, corroborated by stratigraphy
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• The reconstruction suggests localized regions of convergence (~ 5 km of plate closure)
are present but subsumption on scales suggested by [4] is absent.

