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Background

Scales and architecture of extensional systems spatiall
Endmembers, plus all between

1) ‘cratonic’ rifts — develop in cold, thick lithospher
with magmatism or flood magmatism

2) ‘orogenic’ rifts — develop in collapsing orogens
mantle may be hydrated

Differences confirm critical importance of crust and mantle rheology-
Fault length, depth extent of seismicity scale with crustal strength

Focus of this talk: cratonic rift development



Olive et al., GRL, 2014
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Lower crustal and upper mantle
earthquakes in rifts provide key clues
as to fault geometries, yield strength,
rift Kinematics, and possible role of
fluids



‘Standard’ approach to crustal imaging of
continental basins — reflection seismic — no
kinematic information, steep structures poor
Imaged or not imaged
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Daly et al.,
Tectonics, 2014
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Syn-rift magmatism:

starts deep, and_hi - hard
to detect intr
lower crust

Introduces volatiles

reduces fault
strength,hydrocarbon mobility
has short and long-term
Implications for strength
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» Thick lithosphere is being
rifted beneath EAR

» Strength of plate > pla
pulling forces. Impli
bottom-up heatin
metasomatic pro
pre-condition plat
extension.

» Figure from Fishwick et al.,
2018, In press.
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Lavayssiere, Drooff, in review, GJI, 2018
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12 My (or more) after rift initiation, extensio
by slip along large offset, steep (>45°) border faults that
penetrate to lower crust.

Time-space patterns of upper mantle EQs and high Vp/Vs
INn lower crust suggest deep magma intrusion
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» SEGMeNT Project
D Shillington, lead PI
Crust and

Crustal

mantle lithospheric thinning -
heating from below
consistent with magmatism
at rift onset and proximity to
superplume (Accardo et al.,
2017; Grijalva et al., in press;
Hopper et al., in prep).
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SEGMeNT Seismicity B e

» Recorded from 2013-2015 by
SEGMeNT network on 63 land and
17 OBS

» N=1160 (much lower rate than
Tanganyika)

» 0.7<ML<5.2
» Depths 0.2 to 38.6 km

» Some activity beneath Rungwe
volcano, the Rungwe volcanic

province ;
» Double-difference locations (<1 km 20 s . % <10
errors in location) in subsequent figs # (75 , O <15
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» 62 events with <10
solutions and <20°

variation of strike, dip
and rake; F.7<"MLE 5.1

» Extension direction N76°E

» Border and intrabasinal
faults rupture Iin lower
crust
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f——77— ' —— 0 Intrabasinal faults continue to 15-
20 km depth

Steep border faults to 25-30 km

Preferred nodal plane dips
decrease at depths > 15 Km to
approx. 40°

Beta factors < 1.25, whereas

mantle tomography and Sp

F 2 receiver functions suggest

b mantle Iithospheric thinAing is
almost 2 or more (Accardo et
al.,GJI, 2017; Grijalva et al., 2018;
Hopper et al., submitted).

Crustal thickness from Borrego et
al. GJI, 2018
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A Early Stage Rifts A
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Comparison of earthquake depths — all

Linkage

rifts with more mantle than crustal thinning rau
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Conclusions

Steep, deep border faults continue to the base of the crust in early stage
cratonic rifts in basins ranging from <5 Ma to > 12 Ma.

Border faults decrease in activity as shallow magma c
and intrusion accommodates opening.

Syn-rift cratonic basins exploration models should inc
early heating.

No evidence for shallow detachment faulting in half-gr
basins

Modern extension direction in all areas is sub E-W

Lower crustal and upper mantle earthguakes - presence of fluids even in
‘amagmatic’ rifts. Rapid stressing by magma intrusion, high pore pressure,
super-critical CO2 induce lower crustal fault zones that localize strain
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Differential Stress (MPa)
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Quartzite Flow Laws
e H. etal. = Hirth et al. (2003)
R&B = Rutter & Brodie (2004)
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