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GeoPRISMS Theme: Plate Boundary Deformation and Geodynamics (RIE EARS: 1-3,5)
Key Data Types/Infrastructure: GPS observations along rift-parallel transects, geodynamic mod-
eling

In the East African Rift (EAR), an archetype continental rift system and “focus-site” for GeoPRISMS,
large-scale plate motions can be described by traditional rifting models (e.g. McKenzie, 1978; Wernicke
1981; Buck, 1991; Calais et al., 2006; Stamps et al., 2008) that predict rift-perpendicular extension
(Figure 1A). Interestingly, 9 new GPS-derived velocities show a pattern of rift-parallel deformation
along the Rukwa Rift, Western Branch, and Main Ethiopian Rift (Figure 1B). Rift-parallel GPS ve-
locities presented here are poorly constrained due to short observation periods, as shown by the large
confidence ellipses. Verifying the existence of rift-parallel deformation within the EAR and determin-
ing the responsible mechanism would provide a more complete understanding of continental rifting
processes.

Rift-parallel deformation may be ubiquitous across all rifts in the EAR, which would challenge our
current understanding of continental rifting mechanisms. Although the number and quality of GPS
observations along the East African Rift has increased significantly over the past decade (e.g. Sella
2002; Fernandes et al., 2004; Bendick et al., 2006; Stamps et al., 2008; Kogan et al., 2012) many of
the EGPS observations are unreliable due to short observation periods. The timespan of all CGPS
velocities shown in Figure 1B (yellow vectors) is greater than 2.5 years and considered reliable within 3
sigma as shown by Blewitt and Lavalleé (2002). The EGPS sites shown in Figure 1B were installed in
2006 and 2007 with the most recent occupations made in 2010, hence the time-span of EGPS velocities
shown in Figure 1B (red vectors) is 3-4 years. Currently, 3-sigma uncertainties are larger than the
velocity magnitudes on EGPS data that indicate rift-parallel plate motions (Figure 1B.). We propose
making additional observations at these sites to decrease the level of uncertainty on EGPS velocities
such that we can determine the extent of rift-parallel deformation along the Western Branch and Rukwa
Rift of the EAR.

The pattern of rift-parallel motions observed in East Africa conflict with traditional continental rifting
models and may indicate additional processes influence rift initiation and evolution. The current end-
member models of rifting that have replaced “passive” and “active” rifting models are classified as
(1) tectonic stretching, far-field tectonic forces break strong continental lithosphere, and (2) magma-
assisted rifting, magmatic intrusions weaken the lithosphere and reduce the amount of force required
for continental rupture (Buck, 2004). In each end-member case, predicted surface motions that result
from rift initiation are perpendicular to the rift axis. If GPS observations confirm rift-parallel motions
across multiple rift segments, a new model of continental rifting is needed.

Plate motions driven by upper mantle flow through mechanical coupling has long been a proposed
mechanism for surface deformation (e.g. Morgan, 1972; Forsyth and Uyeda,1975; Richardson et al.,
1979; Kusznir and Park, 1984; Lithgow-Bertelloni and Guynn, 2004; Bird et al., 2008; Forte et al.,
2010, Ghosh and Holt, 2012). In Africa, a recent study by Stamps et al. (submitted) using a “top-
down” approach (forces are derived from lithospheric observations) suggests tractions from mantle flow
contribute up to 30% of the total force budget sustaining present-day rifting across the East African
Rift. Using a “bottom-up” approach (forces are derived from mantle constraints), Forte et al. (2010)
suggest asthenospheric flow contributes to the force balance driving rifting in East Africa, however the
degree of coupling at the scale of rift segments (~800x200 km) is undetermined because the number
of surface deformation observations and the resolution of seismic tomography were limited.



In the East African Rift, geophysical observations of crust/mantle composition and the timing of vol-
canism from petrology studies can be explained by along-axis, channelled asthenospheric flow (e.g.
Ebinger and Sleep, 1998; Walker et al., 2004; Chang and Van der Lee, 2011). If coupling is high,
hypothesized rift-parallel asthenospheric flow may drive rift-parallel surface deformation within and
around rift-segments, a hypothesis that can be tested with new GPS observations, detailed fault-derived
strain rate maps, and geodynamic modeling. Alternative hypotheses for rift-parallel deformation in-
clude shearing along existing transform faults due to rift-propagation (e.g. Hey et al., 1980), strain
accumulation within the elastic crust over multiple rifting episodes (Hetland and Hager, 2004), and
rotation of blocks within rifts at overstepping rift segments.

Imperative for testing hypotheses about localized rift-parallel deformation within the East African
Rift are (1) new GPS observations along rift-parallel transects that are currently not addressed with
GeoPRISMS’s aim to density rift-perpendicular GPS observations (cf. Reilinger et al. White Paper),
(2) a detailed understanding of the role of vertical and lateral variations in viscosity within the litho-
sphere and upper mantle at the scale of individual rift segments (~800x200 km), and (3) integrated
geodynamic models that explain geophysical observations. Therefore, we plan to:

e remeasure key geodetic markers along rift-parallel transects (Rukwa Rift, Western Branch)

e construct viscosity models that satisfy the latest geophysical constraints (Main Ethiopian Rift,
Western Branch, and Rukwa Rift)

e developed geodynamic models to test the influence of hypothesized asthenospheric flow on rift-
parallel surface deformation (Main Ethiopian Rift, Western Branch, and Rukwa Rift)
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Figure 1: A. A kinematic model of the East African Rift (Stamps et al., submitted). B. New GPS data
along the Rukwa Rift, Western Branch, and Main Ethiopian Rift that does not conform to predicted
plate motions. Red vectors are episodic GPS (EGPS) velocities from sites installed in 2006 and 2007.
Yellow vectors are continuous GPS (CGPS) velocities from sites installed in 2007 or later. All data and
predicted velocities are in a Nubia-fixed reference frame. Confidence ellipses are 3-sigma, 95%. Blue
dashed lines represent approximate plate boundaries based on seismicity distribution (Stamps et al.,
2008).
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