On syntaxes, secondary continental
ribbons & oroclines : onset and accretion
of Archean Kalahari Supercontinent cycle

Mark J Tsomondo (Minex & Archean Tectonics Researcher)

O Mobile curved boundaries “replace” 3.2-2.88Ga orogenic sutures on Kaapvaal

L 600Myr amalgamation of the continental lithosphere into one supercontinent

L Convergent-collisional-extensional (geodynamic) regimes: (growth, recycle, mix)

O Multidisciplinary: Geology, Geophysics, Geochronology, Geodynamics

O Plate-like behaviour in stiff lithospheric ribbon, hinterland indenter, plate tectonics driver?
 No supercontinent cycle before 2.0Ga (Eriksson et al., 2009; Jacobs et al.,2008)?




Question: How does an equant Kaapvaal craton acquire
orogenic curvature during accretionary orogenesis

overlapping continent-continent collis
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Figure 1. Detrital zircon spectra as given in Hawkesworth et al. (2010) and a com-
parison to the orogenesis peaks in the paper by Runcorn (1962) along with the names
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Accretionary Model (de Wit et al., 1992) modified by Oroclinal Orogeny & stiff
lithospheric Swazi ribbon continent: 600Myr Kalahari Supercontinent cycle
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Fig. & Tectonie setting of the Witwatersrand Basin (modificd from Robb et al., 1991; Robb and Meyer, 1995). Deformation along the northermn
margin of the Kaspvaal Craton led o supracrustal loading and the development of a retroarc forcland sysiem. The large black arrows indicale
the direction of compression and teclonic escape. The small paired arrows indicaie sirike-slip motion. Not io scale.



Regional shortening directions (100°) and SE-
tectonic escapes of Witwatersrand foredeep basin

Stanistreet (1991); compression Revision: Stiff Swazi ribbon & Orocline,
inducing tectonic escapes SE ‘tectonic escape’ southwards
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Bouguer gravity high survey for south convex Limpopo
orogen (Ranganai et al., 2002): shift paradigm from linear
Limpopo belt consensus of 2011 Memoir Geol.Soc Amer.
dedicated to LB towards Oroclines or ‘curvy mountains’
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Kinematic classification for curved
orogens: a matter of timing of different
deformation phases

* When an orogen is initially curved & maintains that curvature without
subsequent vertical axis rotation it is a primary arc (pastor-Galan et al. 2012)

* An orogenic belt that either acquires curvature during development or
amplifies an initial curvature during formation, it is a progressive arc

* When a bent orogenic belt is produced by buckling an originally more
linear orogen it is an orocline or secondary arc or Carey orocline

* In parlance with above, can we define ribbon continents as primary,
progressive or secondary ribbons?

* |Is the MINK terrane a primary ribbon, and Swazi ribbon secondary?
* Is southern margin of Kaapvaal craton a buckled (conical) orocline?



Not simply ‘Straightening zones’: (coeval) arc-parallel stretching
and arc-parallel shortening under tangential longitudinal strain (see

Ries & Shackleton on oroclinal strain): Great Dyke 2.57Ga south-fanned pattern, see
later Rajesh et al., 2014 conundrum

IGCP 280 Sand Rlver gneisses map Geol.Soc Amer memoir map (Smit et al. 2011)
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Tectonic escape eastwards within Tokwe:
more complex orogenic curvature & escapes

* After Clarke et al.
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Eastern Tokwe segment “decratonised’ by
K+ rich Chilimanzi granites

Fish mouth boudins in amphib gneiss:
Schematic continental crust to Moho Murehwa batholith: horizontal extension E-W
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Figure 5. Schematic section of the conti-

nental crust, adapted from Hawkesworth
and Kommn SN




of the Tokwe microplate
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Modelling results for inter-plate coupling
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Experimaent 3 - obligue subduction

Fee 5. Modefine resalrs for cxoperimeny & see dea@ed oo descriprion below Fie 50



Belingwe south: s-asymmetry on both limbs of regional synform
(Orpen, 1978) Is this evidence of pure shear strain (Ramsay & Huber
1987) & shallow detachment tectonics: Beyond the National
unconformity

Belingwe Peak

Synform
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horizon (hY Shallow and deen detachment tectonice The fold-
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Question Again>: How does an equant Kaapvaal craton
acquire orogenic curvature during accretionary
orogenesis overlapping continent-continent collision?
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U-Pb Crystallization Ages
(after Hawkesworth et al, 2010)
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of Runcorn (1962)
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Figure 1. Detrital zircon spectra as given in Hawkesworth et al. (2010) and a com-
parison to the orogenesis peaks in the paper by Runcorn (1962) along with the names
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Accretionary Model (de Wit et al., 1992) modified by Oroclinal Orogeny & stiff
lithospheric Swazi ribbon continent: 600Myr Kalahari Supercontinent cycle
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Oroclinal Kaapvaal craton & ear-shaped New England Orocline
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Analogue experiment on back-arc extension & pinned

deformation; Schellart et al. 2002. Possible formation of a
Swazi ribbon
O T
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Current STEP regions: retreating trench

Fig. 2. Current STEP regions. Lines schemnatically indicate active plate boundary zones. Rotation symbols show the regionally observed sense of motion on transform fwalts, or
palsomagnetic rotations about a vertical axis.
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Subduction, rollback & back arc basins:
orocline link

Wits basin BA-extension:
southern 3>rocllne followed retreating subduction in
orthogonal 2.88Ga Andean (a)

collisional events >

Kimberly arc Cordilleran
shortening induced

v

One-sided subduction
(a) (b)

extending retreating shortening advancing
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Interpretea seismic profiles oblique to Lolesburg
lineament: east-ward thrusting and basinward
thrusting direction
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Figure 1. Detrital zircon spectra as given in Hawkesworth et al. (2010) and a com-
parison to the orogenesis peaks in the paper by Runcorn (1962) along with the names
of the supercontinents associated with each peak.
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A problem awaiting solutions
A. Gumsley et al.: U-Pb baddeleyite geochronology and geochemistry
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