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How preexisting lithospheric heterogeneities and mantle upwellings
affect Victoria's rotation in the East African Rift System

s /\,¥ /\ Glerum et al.

nature \
(i )
Anne Glerum?', Sascha Brune’-2 | coummcAnions (n Press)
"Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences, Potsdam, Germany; thhospherlc Strength distri-
2University of Potsdam, Potsdam, Germany bution controls Victoria
- microplate rotation.
1 N I n t ro d u Ct I O n a) Model predictions _ b) GPS bIock' model relative velgci'ties

of i ———-—

The Victoria microplate is encompassed by the
partly overlapping eastern and western branches
of the East African Rift System (EARS; Fig. 1a).
These branches follow the inherited lithospheric
weaknesses of the Proterozoic mobile belts (Fig.
1b). Victoria also rotates counter-clockwise with
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respect to Nubia, in striking contrast to its

neighboring plates. Numerical modeling! (Fig. 2) T

has shown that this rotation is induced through ﬁ FAN
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reorlent IOcaI eXtenS|On d|reCt|OnS tO WNW'ESE vectors with halved and full heads, resp. terminate in/against strong lithospheric regions. 2Rl n o) Egree \.N'th'.c) Dleanied, predommgntly
normal faulting, oy, directions (World Stress Map°,
uniform length) that rotate along the branches. d) Our
schematic representation of the edge-driven microplate
rotation due to transmittance of motion of the major plates.
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= Domain: 3D chunk of 19°x24°x660 km
* Fig. 3: Present-day Moho® and LAB depth®
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= Fig. 4: prescribed GPS in- and outflow on 15 1=
lithosphere, compensating flow through ~20f {15
bottom boundary _as| » || 20

= Fig. 5: strain-weakened plastic yielding’ + —— . . L
diffusion & dislocation creep ongtude (deg!

= True free Surfaceg Fig. 3 Input Moho and LAB depth® smoothed with a

Gaussian filter. Moho and LAB depth in the old oceanic

= Mesh resolution: 41 km to 10 km in the crust  plate are set to 7 and 120 km respectively.
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Preliminary results & Discussion

Fig. 6:

= Nubia and Somalia plate boundary develops
self-consistently along present-day EARS.
Velocity pattern is largely controlled by
lithospheric thickness variations,
initial strain has little effect.

= More active deformation along eastern EARS
branch than along the western branch. | g N

= Partitioning of deformation correlates with o NN Somalia
minimum LAB depth. =1 7

Fig. 7:

= After 2 My, Victoria microplate rotates counter-
clockwise, but much slower than present-day.

» Run for 10 My model time

— Plate boundary

» Incorporate other lithospheric structure *  Euler pole 15 - - - -
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> Incorporate mantle temperature heterOgenelty Fig. 7 Predicted Victoria microplate Euler poles Fig. 6 Top view of model results at 5 km depth after 2 My of extension. White lines outline the plate boundaries from
from tomOg raphy (white and black stars in black box) after 2 My the geodetic block model“. Left column: plate motions as represented by the velocity field and vectors. Right column:
compared to geodetically derived poles* (purple Strain rate field and velocity vectors. Top row: no initial damage (plastic strain). Bottom row: initial plastic strain
stars). between 0-0.5 in the upper 50 km along the Proterozoic mobile belts of the EARS.
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