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

 600Myr amalgamation of the continental lithosphere into one supercontinent 

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

 Multidisciplinary: Geology, Geophysics, Geochronology, Geodynamics 

 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 collision? 

Kalahari 600Myr span 
Cycle 1 



Accretionary Model (de Wit et al., 1992) modified by Oroclinal Orogeny & stiff 
lithospheric Swazi ribbon continent: 600Myr Kalahari Supercontinent cycle 

Swazi ribbon 



Forebulge axis: Swazi ribbon & 
south-retreating orogen??? 

2.75 LB collision 

    forebulge 



 



Regional shortening directions (1000) and SE-
tectonic escapes of Witwatersrand foredeep basin 

Stanistreet (1991); compression 
inducing tectonic escapes SE  

Revision: Stiff Swazi ribbon & Orocline, 
‘tectonic escape’ southwards 

Free oceanic face 

Stiff domain 

Foreland 

Kimberly arc 

Forebulge 
2.88Ga 

2.93Ga 

Wits basin 
No 



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’  

A B. NLTZ and TSZ both convex to NW 

See Tschipise suture zone & Youssof et al.2013 
See Coward et al: craton-vergent thrusts & foreland dfn 

No need for pop-up structure: MT 



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 MNK 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 River gneisses map Geol.Soc Amer memoir map (Smit et al. 2011) 

Mega-sheath folds 
& channel flow 

Bulai gneiss 
2.61Ga  



 Introduce mismatched boundaries                                             M   
Missed pinned vertical axis rotation 
Missed Giyani syntaxis & SMZ origin 
Missed T-A-B-A systems 

Treloar et al., 1992 ; Steve & Julian 

syntaxis 

Subtheme: Asymmetry defines the orogen 

False CZ 
symmetry 

False pop-up 
symmetry 

CZ 

CZ 

Kaapvaal researchers for LB syntectonic 
with Wits-Ventersdorp-Transvaal 

Zim researchers for post Upper 
Bulawayan Limpopo belt 



Tectonic escape eastwards within Tokwe: 
more complex orogenic curvature & escapes 

• After Clarke et al. 

See Mashaba U 
Complex geology 
and dyke systems 
& brittle-ductile 
fractures of Tokwe 
segment 

Mutare belt 
wedge 

Giyani syntaxis 
knickpoint 

?Extended 
forelands 



Eastern Tokwe segment “decratonised’ by 
K+ rich Chilimanzi granites   

Schematic continental crust to Moho 
Fish mouth boudins in amphib gneiss: 
Murehwa batholith: horizontal extension E-W 



 

The southern tip of the Tokwe microplate

?? 

MIC: 2.75-2.74Ga 

N/U 



Modelling results for inter-plate coupling 



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 



Poorly defined Foreland tectonics on Tokwe 
protocraton 

Three detachment 
levels, backthrust, 
Fossen’s decollement 
overfold (Tsomondo et al. 

1990): Shortening & extension 
& mismatched Mont d’Or 
north boundary 

Sh B 

N S 

Depth to decollement & 
basement-cored Mont dOr uplift 
 

Chipinda gneiss 

OPE=80km 

Low-topo build up <2km: Mwkeli 1997 

GPE: Easter Hill 
klippe 

Camperdown sheath-like “nappe”  

OPE=80km 

Hinterland Swazi 
indenter NMZ 

Vertical axis rotation:cw 

J-M 

Dyking 

‘’Basement-involved thin-skinned tectonics’ 



AGC 

Zeh et al. 2009; Kalahari craton see my Kalahari supercontinent 

Extended/
Thinned 



Question Again>: How does an equant Kaapvaal craton 
acquire orogenic curvature during accretionary 
orogenesis overlapping continent-continent collision? 

Kalahari 600Myr span 
Cycle 1 



Accretionary Model (de Wit et al., 1992) modified by Oroclinal Orogeny & stiff 
lithospheric Swazi ribbon continent: 600Myr Kalahari Supercontinent cycle 

Swazi ribbon 



Oroclinal Kaapvaal craton & ear-shaped New England Orocline 

Amplitude/wavelength =0.3 

Exten
sio

n
al regim

e
? 

Zimbabwe craton 

AGC 

>200km 



Forebulge axis: Swazi ribbon 
& south-retreating orogen 

2.75 LB collision 

    forebulge 



Analogue experiment on back-arc extension & pinned 
deformation; Schellart et al. 2002. Possible formation of a  
Swazi ribbon  

Regressive hinge migration 



Current STEP regions: retreating trench 



Subduction, rollback & back arc basins: 
orocline link 

Wits basin BA-extension: 
southern orocline followed 
orthogonal 2.88Ga Andean 
collisional events 

 Kimberly arc Cordilleran 
shortening induced 
retreating subduction in 
(a) 



Wits 

Conical     Orocline 
Hingeline extension 

Radial folds 







Interpreted seismic profiles oblique to Colesburg 
lineament: east-ward thrusting and basinward 
thrusting direction 



Swazi 
ribbon 

Tectonic 
escapes 



Boundary mismatch: coupled & decoupled 
Limpopo collision zones 

Kalahari 
supercontinent 



A problem awaiting solutions 

Radial rifting: White Mfolozi 
Dyke swarm: 2.70-2.66Ga 

?Giyani syntaxis 

Crescentic  

Swazi ribbon 

Conical orocline 

? 


