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Current conceptual models for continental rupture
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TEAMWORK — MULTIDISCIPLINARY STUDIES

Geodecists, structural geologists, petrologists, seismologists




Technical, software, hardware support from PASSCAL/Seis-UK,
UNAVCO, AAU, UDSM, UCLAS, etc
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Implications for Rates

*Slow spreading - 3 -6 mm/yr in EAR south
of triple junction; 20 mm/yr north

During rifting crises, rates of ~m/day
possible

*Implications - High instantaneous rates,
plus growing population centers in rift
increases seismic and volcanic risk to that
of some subduction settings
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Figure 4. Total density perturbation field and buoyancy
ratio B = 6p" ™8™ ™ within the African superplume
region. (a) Summation of the thermally- and chemically-
induced density fields yields negative density (positive
buoyancy) of the superplume structure. (b) The buoyancy
ratio field reveals that the superplume buoyancy is strongly
reduced by the positive-density chemical component near
1800 km depth. The superplume structure appears to bend
castward within the same region as a response to buoyancy
deficiency.

Simmons et al., 2007
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Chris Hartnady noted a

differential opening
direction between WR and
ER, and suggested that
central Tanzania Archaean
craton was a discrete
microplate.

Fig. from Calais et al., 2006




- Nubian
Plate

Somalian

P
N b 4
AL C
S ﬁ%
/ g
a
X

L ‘ Y
< o o S
e ——
- v o 5

e ‘7"\.‘,;‘, WP Ry i ,
. Malawi Rift =~ a8 g \ )
| T R ro dil =) Phre
- R - - B
- o éy'.iun - 7(" 7 o i ‘4
LB o weban —.,_’{'/-{m';‘ ; \ . y
2 M) mase! | . 4
e /?\»‘s‘ ‘_3“‘-‘.(; - —.) &:b
R, Vi Vi g"‘f "* &
J peat
=E e
@ ey B -t
ol T
& 3 X8
—
3" Al
-_*';:;,,ﬁ:oq;\&
% 7 _r ""\(\6
& O@"e Antarctic
o Plate

5 mmdyr
GRS vty e——
Earthquake shp vector direction s
2.2 Wy seaficor spreading rate a

Stamps, Calais et al. GRL 08

5
(=
.
[+7]
=3

.'_-_._;'\:.
Plate >

R

Somalian
Plate

s
2k Antarctic

Plate

" S0-NUGo8),”

. 5 mmiyr

¢ Model |4t piate boundaries ——s
. Velocities AL GPS sites >




Time Scales of Rifting Cycle

*Far-field + body forces- decades to
centuries - depends on inherent strength,
lateral density contrasts, plate pull

*Fault slip, magma intrusion - minutes to
months

*\Viscous relaxation - years

*Isostatic compensation for the
deformation - 10* years

GPS + seismic
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Rifting with Magma

Stage 1 - Thick lithosphere,
long repeat times:; large
stored stresses.

Stage 2: Strain localization
to zones of magma intrusion
rather than older border
faults

Stage 3: Onset of seafloor
spreading similar to ultra-
slow ridges - ridge jumps,
'of f-axis' volcanism, and
long repeat times.




Consistent patterns -
predictive model for rift
basins worldwide

* Interactions between
magma and segmented
large offset faults.

* How do they interact in
space and time?

Shillington talk later...
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Figure 2. Ebinger et al.
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- Kivu basin
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October 19 eruption of Ol
Doinyo Lengai

Photo by Majura Songo,
UDSM
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Implications for Hazards

*Magma intrusion via ‘hidden' subsurface
dikes - hidden process

Rifting crises, rates of ~m/day possible

*Implications - High instantaneous rates,
plus growing population centers in rift
increases seismic and volcanic risk to that
of some subduction settings




Length Scales of Rifting Cycle

*Regional magma-plate boundary situation
1000 km + scale

*Along-axis segmentation in both faulting
and magmatism -50 to 100 km in EAR (may

decrease with time)

*Entire segment may open during single
episode - e.g., Dabbahu rifting episode;
Malawi rift - Jackson and Blenkinsop
example




Minor crustal stretching, narrow zone of magma intrusion above
mantle lithosphere thinned to <70 km = READY SUPPLY OF MELT
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Quaternary strain
localised to ~60 km
long zones of
fissures, aligned
eruptive centres
and faults -
“magmatic
segments "

EAGLE probed
structure beneath
magmatic segments
- underlain by
mafic intrusions
and LVZ in thin
mantle
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Keir, Bastow,
Cornwell, Whaler
Gcubed, 2009
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locus of seismicity

Miocene
_ _ border fault
seismogenic s system

Zone e A
40 60 i ii 180

Crustal segmentation defined by narrow zones of mafic intrusions that
accommodate strain below 10 km; seismicity triggered by dike intrusions
and dike-induced faulting. Steep faults; >50% have eruptive products
along their length (<10 km- Casey et al., 2006).

Keir et al., JGR, 2006
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Figure 2. Ebinger et al. (revised)




March expedition fo mid-segment. JRowland




Ruptured through
this crater

Liz Baker

3m-high white scarps - slip in July-Sept '06 - E Baker







Aug 07 dike 2
AUg 07"\ oy 07 dikes 1, 2
fissural
eruption

Dabbahu magmatic system: N
Oct 2005-March 2006~ 1uneosikes 1,25 2

Dabbahu Oct 08 dike
Da'Ure deflating Nov -
Sept05  March06

Gab'ho  eryption
inflation
Oct- Mar

Multiple silicic centers showing seismic and

aseismic defm’n
No evidence for shallow chamber feeding

dikes

Ebinger et al. GJI, 08
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Centrally fed, ~¥60 km-long segment

Dikes propagate northward and southward from
segment center

Shallow magma chambers with fractionated lavas
at northern tip of segment where abuts ‘cold’
lithosphere (may have triggered rifting event-
Ayele et al., 2009)

Base crust/asthenospheric source zone from
preliminary crustal tomography (no chamber
shallower than 7 km)

Time varying seismicity patterns reveal magma
Injection process




latitude

June 06, August 07, November 07 dikes are each
multiple dikes — each 10-20 km
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A comparison of a typical tectonic earthquake with a classic LF signal
from the Nov 2007 swarm. The LF earthquake shows a clear P’ onset
that becomes superposed with a peak <0.5Hz signal.

Dustin Cote, U Rochester
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Infrastructure and capacity building —
sustainable solutions may come from:

Data archiving — resource and storage ?
Software updates — sharing ‘clones’ ?

Regular software training via internet/

training schools ?
Visiting scholars ?
Observatories as regional resources?

Sandwich courses for PhD and MSc
research?
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Model of interferometry
2 Mogi sources

~ 8 m opening, 60 km-long
dyke, <30% sourced from
shallow magma chambers
beneaeth Dabbahu and
Gabho
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Tectonic Stretching

Asthenosphere

Magmatic Extension

Asthenosphere

e’ B on VU
Regucn 4 km

Mechanical stretching -
differences relate to
rheology assumed.

Add the additional
buoyancy force of magma
intrusion and associated
heating, and breakup can
occur at 1/10 the force
required for Class A.

After Buck,
2004
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Figure 2; Keir et al.
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Shear-wave splitting indicates melt-filled cracks that penetrate plate

1000 2000 3000 4000 5000 6000
Elevation
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Rifting with Magma

Stage 1 - Thick lithosphere,
long repeat times:; large
stored stresses.

Stage 2: Strain localization
to zones of magma intrusion
rather than older border
faults

Stage 3: Onset of seafloor
spreading similar to ultra-
slow ridges - ridge jumps,
'of f-axis' volcanism, and
long repeat times.
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