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Is there a link between orogenic collapse 
and lithium-bearing pegmatites? 

Tarryn Kim Cawood, Jamie Cutts, Antoine Godet
Geological Survey of Canada



Setting the Scene

Percival et al. 2012, Geol. Assoc. of Canada Sp. Paper 49

Western Superior Province, Canada:

2640

LCT pegmatites

Ballouard et al. 2020, Ore Geology Reviews

Namaqua Metamorphic Belt, Southern Africa:

Presenter Notes
Presentation Notes
 - it’s long been recognized that pegs – esp LCT pegs – are emplaced late to post-orogeny
 - as you can see in the tectonic timeline for the W Superior Province of Canada, 
 - and we see the same pattern in regions around the world. 
 - what’s less clear is WHY this is so often the case
 - I suspect that (in some cases at least), it’s because these pegs are generated during delam & orogenic collapse
 - in this talk, I’ll briefly review a few egs that are highly suggestive of a genetic link between Li-pegs and orogenic collapse
- and then I’ll look at a tentative model as to why




Recognizing Orogenic Collapse
Potential Evidence for 
Orogenic Collapse:

Late high-T low-P meta 
Thinned lithosphere 
Metamorphic core 
complexes



Low-angle detachment 
structures



Gently dipping fol ± 
stretching lin



Steep metamorphic 
gradients



Basins with coarse 
clastic sediments



Shallow supracrustals 
preserved



Dewey 1988, Tectonics

Malavielle 1993, Tectonics

Rabillard et al. 2018, 

Presenter Notes
Presentation Notes
 - but firstly,  when I talk about orogenic collapse, I’m talking about an orogen that has formed – maybe through accretion of terranes, or maybe continental collision, 
 but in either case you start off by thickening the crust
 - then, at some point the subducted slab may break off, or the lower part of the thickened lithosphere can delaminate or sink
 - and the thickened crust above it collapses under its own weight, and experiences extension

 - This process may leave various clues in the rock record, such as: 




#1: Li-Pegs of the Monashee Complex

Vanderhaeghe & Teyssier 1997, Geodinamica Acta

Presenter Notes
Presentation Notes
 - We’ll start with a nice simple eg, where the tectonic setting and timing of the pegs is really clear
 - We’re looking at the Canadian Cordillera, on the SW Coast of Canada
 - where we’ve had millions of years of subduction, terrane accretion, and mountain building….
 - and, importantly, orogenic collapse around ~60-50 Ma




#1: Li-Pegs of the Monashee Complex

Vanderhaege, 1999, Tectonophysics

Presenter Notes
Presentation Notes
- here we’re looking at a CS through part of the Cordillera



#1: Li-Pegs of the Monashee Complex

Vanderhaege, 1999, Tectonophysics

Cawood et al. (in press), after Vanderhaege, 1999. 

Presenter Notes
Presentation Notes
 - and we’re most interested in the MCC over here, where deep crust has been exhumed and partially melted during collapse and extension





#1: Li-Pegs of the Monashee Complex

Cawood et al. (in press), after Vanderhaege, 1999. 

Presenter Notes
Presentation Notes
 - that partial melting created numerous small bodies of S-type granite & pegs, 
 - like the pegs seen here, 
 - emplaced into a variety of syn-extensional structures





#1: Li-Pegs of the Monashee Complex

lep

pet

elbaite

Presenter Notes
Presentation Notes
 - some of these pegs even contain exotic rare-metal minerals, 
 - like elbaite, lepidolite, and petalite!

 - recent geochronology by Catriona Breasley has shown that these Li-pegs are ~50 Ma
 - which perfectly matches the timing of collapse and exhumation




#1: Li-Pegs of the Monashee Complex

Cawood et al. (in press), after Vanderhaege, 1999. 

Potential Evidence for 
Orogenic Collapse:

Late high-T low-P meta x
Thinned lithosphere 
Metamorphic core 
complexes



Low-angle detachment 
structures



Gently dipping fol ± 
stretching lin



Steep metamorphic 
gradients



Basins with coarse 
clastic sediments



Shallow supracrustals 
preserved



Presenter Notes
Presentation Notes
 - in this case, peak metamorphism was probably associated with earlier crustal thickening, 
 - but aside from that, we tick most of the boxes of evidence for orogenic collapse:
- Including MCCs and all their associated structures. 
- AND we can clearly link the Li-pegs to this collapse event
 - based on their timing and their structural settings



#2: Orange River Pegmatite Belt

lep

spod

spod

beryl

peg

Presenter Notes
Presentation Notes
 - now we’ll move on to an older eg: the Orange River peg belt, which straddles the Namibia/SA border 
 - and which contains hundreds of pegmatites, many with significant amounts of spod, lepidolite, and beryl



Doggart, 2019, M.Sc. 

Cawood et al., 2023, Ore Geology Reviews; 
after Jacobs et al., 1993, Geology 

Google Maps, 2024

#2: Orange River Pegmatite Belt

Presenter Notes
Presentation Notes
- This area of the Namaqua Metamorphic Belt saw the collision between the Kaapvaal Craton and various accreted terranes around 1 Ga, which created major dextral SZs
 - like this one, the Pofadder SZ, which you can see beautifully on Google Maps
 - if we look at the geol map of this area, you’ll see all these red shapes – these are the indiv pegs of the Orange River peg belt
- let’s see what ELSE is happening in the region at that time… 





Doggart, 2019, M.Sc. 

Cawood et al., 2023, Ore Geology Reviews; 
after Jacobs et al., 1993, Geology 

Google Maps, 2024

#2: Orange River Pegmatite Belt

Presenter Notes
Presentation Notes
and we’ll start by looking at the geological history of the Aggeneys-Gamsberg Ore District, just here… 




Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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#2: Orange River Pegmatite Belt

Presenter Notes
Presentation Notes
  - here we some cartoons illustrating what was happening in the Aggeneys-Gamsberg area at different times,
 -  with the little greyscale figure showing the regional setting
 - At around 1.1 Ga, we had some sort of collision or accretion, with thrust stacking and crustal thickening.



Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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#2: Orange River Pegmatite Belt

630-670°C, 
4-6 kbar 
(Diener, 2014)

Presenter Notes
Presentation Notes
- but shortly afterwards we have major extension (sheath folds, low-angle extensional SZs, strong stretching lin, and possibly unroofing of a MCC - the Okiep Cu District)
 - associated with pk meta min assemblages, that gives high-T, mod-P est. 




Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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630-670°C, 
4-6 kbar 
(Diener, 2014)

#2: Orange River Pegmatite Belt

Presenter Notes
Presentation Notes
- and this peak T is likely assoc with the dominant pop of meta zr = 1025 Ma



Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 

#2: Orange River Pegmatite Belt
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630-670°C, 
4-6 kbar 
(Diener, 2014)

Potential Evidence for 
Orogenic Collapse:

Late high-T low-P meta 
Thinned lithosphere ?
Metamorphic core 
complexes

?

Low-angle detachment 
structures



Gently dipping fol ± 
stretching lin



Steep metamorphic 
gradients

x

Basins with coarse 
clastic sediments



Shallow supracrustals 
preserved



Presenter Notes
Presentation Notes
 - so although we’re dealing with a fairly ancient orogen, we do have a decent amount of evidence for collapse preserved



Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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#2: Orange River Pegmatite Belt

Presenter Notes
Presentation Notes
 - this was all followed by lateral escape (which manifests as those major dextral str-slip SZs, like the Pofadder SZ)
 - this str-slip shearing isn’t well constrained in this area….



Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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#2: Orange River Pegmatite Belt

Pofadder SZ ~1005-960 Ma
(peg monazite U-Pb: Lambert, 2013)

Presenter Notes
Presentation Notes
- but Chris Lambert dated pegs within the Pof SZ itself, and found that the SZ was likely active around ~1005 – 960 Ma. 
 - now, where exactly do the rest of the pegmatites fit in? 




Cawood et al., 2023, Ore Geology Reviews (with data & ideas from Dewey et al., 2006; McClung, 2006; Bailie et al., 2007a,b; Cornell & Pettersson, 2007a; 
Cornell et al., 2009, 2022). 
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#2: Orange River Pegmatite Belt

Pofadder SZ ~1005-960 Ma
(peg monazite U-Pb: Lambert, 2013)

~1038-960 Ma pegmatites
(monazite U-Pb: Doggart, 2019)

Presenter Notes
Presentation Notes
 - Well, Shane Doggart dated pegs from right across the belt, and found that they were emplaced over a broad age range of almost 80 Myr! 
 - overlapping with when we think delam and orogenic collapse was happening, and continuing as that transitioned into dextral str-slip shearing





#3: Other Examples

Bradley et al., 2017

Elba island, Italy

Bradley et al., 2017

Sveconorwegian orogen

Bradley et al., 2017

Siberia 

Fuchsloch et al., 2018

Uis, Namibia

Brou et al., 2022

Côte d’Ivoire
 

Simmons et al., 2016

Maine, USA
 

Ashworth et al. 2020

Damara Belt

Presenter Notes
Presentation Notes
 - In addition, the literature abounds with brief mentions of Li-pegs associated with post-collisional extension, orogenic collapse, and decompression melting.
 - so I hope I’ve convinced you that there IS some sort of spatiotemporal link between delam & orogenic collapse and Li-pegs… 
 - which brings us to the next part of this talk, where I present a tentative model as to WHY… 



Model

Černý 1991
Černý & Ercit 2005)
London 2005, 2008
Bradley et al. 2017

Presenter Notes
Presentation Notes
 - there are several different models for the origin of Li-bearing pegs:
 - the traditional model, that they are the result of extreme FX of fertile granitic magma; 



Model

Černý 1991
Černý & Ercit 2005)
London 2005, 2008
Bradley et al. 2017

Ballouard et al. 2023
Koopmans et al. 2023
Liu et al. 2023

Presenter Notes
Presentation Notes
- the newer re-melting model, with pegs forming by partial melting of an older fertile granite. 



Model

Černý 1991
Černý & Ercit 2005)
London 2005, 2008
Bradley et al. 2017

Simmons et al. 2016
Müller et al. 2017
Fuchsloch et al. 2018
Doggart 2019

Ballouard et al. 2023
Koopmans et al. 2023
Liu et al. 2023

Presenter Notes
Presentation Notes
And the anatexis model, with pegs forming directly from fertile source rocks by low degrees of partial melting

 - It’s NB to recognize that in all of these models, you HAVE to have partial melting at some point
 - and you can partially melt rock in several dif ways:




Model

Černý 1991
Černý & Ercit 2005
London 2005, 2008
Bradley et al. 2017

Ballouard et al. 2023
Koopmans et al. 2023
Liu et al. 2023

Simmons et al. 2016
Müller et al. 2017
Fuchsloch et al. 2018
Doggart 2019

How to Induce Partial Melting:
 ↑ T
 ↓ P
 + fluids
Silva et al. 2024

Presenter Notes
Presentation Notes
- by adding heat
 - by decreasing P
 - or by adding fluids

 - let’s see where during a typical orogeny these things may happen: 



Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

Malavielle 19933, , Tectonics

Presenter Notes
Presentation Notes
 - we start with subduction and/or crustal stacking during accretion and collision
 - and this introduces fertile, hydrous sedimentary and volcanic source rocks to depth. 




Vanderhaeghe & Teyssier 2001, Tectonophysics

Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

• Thermal relaxation of thickened lithosphere
 = partial melting by slow ↑ T, fluidsLi-pegs?

Presenter Notes
Presentation Notes
 - during this stage, we’re also thickening the lithosphere
 - Over time, this leads to heating and prograde meta due to ‘thermal relaxation’ 
 - as isotherms rise up through thickened lithosphere
 - this can cause some partial melting, by increasing T
 - and by driving off fluids from fertile, hydrous units at depth – these fluids can then move up through the pile, and cause melting by fluid fluxing in overlying, hot but dry rocks



Gourcerol et al. 2019, Ore Geology Reviews

Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

• Thermal relaxation of thickened lithosphere
 = partial melting by slow ↑ T, fluids

• Breakoff / delamination, asthenospheric 
upwelling
 = partial melting by fast ↑ T

Li-pegs!

Li-pegs?

Presenter Notes
Presentation Notes
 - Subsequent slab breakoff – or maybe delamination of the thick, dense lithospheric root – drives upwelling of the hot asthenosphere, 
 - and the associated heat pulse causes that late high-T and low/mod-P metamorphism
 - and may drive partial melting, forming some granites and pegs

 - ongoing work by Dieudonne Angombe and Brendan Dyck suggests that this might be the main peg-forming event in some Pan-African orogens




Vanderhaeghe & Teyssier 2001, Tectonophysics

Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

• Thermal relaxation of thickened lithosphere
 = partial melting by slow ↑ T, fluids

• Breakoff / delamination, asthenospheric 
upwelling
 = partial melting by fast ↑ T

• Gravitational collapse, tectonic exhumation
 = partial melting by ↓ P
 = extensional structures to transport 
& trap melt

Li-pegs!

Li-pegs!

Li-pegs?

Presenter Notes
Presentation Notes
 - Breakoff or delamination also gravitationally destabilizes the orogenic welt. 
 - and that heat pulse will weaken it,
 - this leads to orogenic collapse. 
 - and rapid tectonic exhumation of hot, deep crust, leading to decompression melting and the formation of granites and pegmatites. 




Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

• Thermal relaxation of thickened lithosphere
 = partial melting by slow ↑ T, fluids

• Breakoff / delamination, asthenospheric 
upwelling
 = partial melting by fast ↑ T

• Gravitational collapse, tectonic exhumation
 = partial melting by ↓ P
 = extensional structures to transport 
& trap melt

Gourcerol et al. 2019, Ore Geology Reviews

Presenter Notes
Presentation Notes
 - the extensional regime and associated faults and shear zones enable melt mobility and emplacement in the mid- to upper crust. 




Doggart, 2019, M.Sc. 

Cawood et al. 2023, Ore Geology Reviews

Model
• Subduction and/or thrust stacking delivers 

fertile, hydrous sediments ± volcanics to depth 
= SOURCE ROCKS

• Thermal relaxation of thickened lithosphere
 = partial melting by slow ↑ T, fluids

• Breakoff / delamination, asthenospheric 
upwelling
 = partial melting by fast ↑ T

• Gravitational collapse, tectonic exhumation
 = partial melting by ↓ P
 = extensional structures to transport 
& trap melt

• Strike-slip deformation
  = structures to transport & trap melt

Presenter Notes
Presentation Notes
 - In many cases, extensional collapse is accompanied by a transition to transform tectonics
 -  and coeval or later strike-slip faults may provide additional transport pathways and structural traps for the pegmatite-forming melts




Tarryn Kim Cawood
cawood.tk@gmail.com
https://tk.cawood.za.net/ 

Is there a link between orogenic collapse 
and lithium-bearing pegmatites? 

Presenter Notes
Presentation Notes
 - I’ll answer this with a resounding YES: Li-pegs CAN form during orogenic collapse, with extension and exhumation that (probably) drive decompression melting. 
 - like we saw in our Revelstoke e.g. 
 - BUT the question remains:
 - do we HAVE to have collapse to form Li-pegs? 
 - OR can we do it with just delamination, with a rapid pulse of heat driving the partial melting? 

- And to answer this, we need more detailed studies using modern geochronology & structural mapping to ID the precise timing and tectonic setting of pegs

https://tk.cawood.za.net/
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