	16

[image: ]


Earth-Science Reviews Paper Frameworks

1	Subject: General overview (Leader: Gillian Foulger, everyone a co-author).	2
2	Subject: What is the nature of Iceland? Does it contain a continental sliver? Structure, gravity, kinematics. (Leader: Ármann Höskuldsson & Gillian Foulger).	3
3	Draft title: Diachronic breakup and spreading development of the North Atlantic (Leaders: Laurent x 2)	4
4	Draft title: A review of Late Cretaceous-Cenozoic intraplate deformation in the North Atlantic-western Tethys realm (Leader: Randell Stephenson)	8
5	Draft title: Mantle potential temperature and the role of pyroxenite and dry and damp peridotite in magmatism in the NAIP (Leader: Malcolm Hole).	9
6	Subject: Inheritance. (Leaders: Tony Doré & Christian Schiffer)	10
7	Subject: Reykjanes Ridge (Leader: Fernando Martinez).	12
8	Subject: Structure from top to bottom, crust, mantle. (Leaders: Hans Thybo & Irina Artemieva).	13
9	Draft title: The dispersal of the Pangea supercontinent and associated magmatism cannot be explained by ‘hot-spots’ (Leaders: Alex Peace & Dieter Franke)	14
10	Subject: Comparisons/extensions to other regions (Leader: Nick Kusznir)	15




[bookmark: _Toc366495370][bookmark: _Toc378947929]Subject: General overview (Leader: Gillian Foulger, everyone a co-author).
1	Introduction	3
2	Chronology and processes of breakup	3
3	Volcanism	5
4	Melt generation	11
5	Structure	13
5.1	The Greenland-Iceland-Faeroes ridge	13
5.2	Iceland–the nature of the crust	14
6	A new paradigm	19
7	Comparisons with other regions	19
8	Discussion	21
8.1	Some clearly wrong but widely repeated concepts:	22
	(instead of attempting the impossible job of disproving the plume hypothesis, maybe we should just debunk the large number of wrong assumptions there are, such as LCB=underplating, Faroe-Shetland Basin vertical motions = plume pulses etc)





[bookmark: _Toc366495371][bookmark: _Toc378947930]Subject: What is the nature of Iceland? Does it contain a continental sliver? Structure, gravity, kinematics. (Leader: Ármann Höskuldsson & Gillian Foulger).


[bookmark: _Toc366495372][bookmark: _Toc378947931]Draft title: Diachronic breakup and spreading development of the North Atlantic (Leaders: Laurent x 2)
	Breakup, rift propagation & kinematics

Preliminary Title ?:
Diachronic breakup and spreading development of the North Atlantic
	PIs

	[bookmark: _Toc366495373]Introduction
Why the North Atlantic is so important to understand earth dynamic in general
Why a new paper on the North Atlantic? Problems to solve
Presentation of previous models
Old dataset versus-New data/new observations
	LG1, LG2, DF, GF, MS

	[bookmark: _Toc366495374]Geodynamic and regional rift setting of the North Atlantic rifted margins
	

	Main geodynamic events of the North Atlantic- continental rift-oceanic domain
Global plate motion and progressive dislocation of Baltica-Laurentia
	LG1

	Inheritance (brief summary)-breakup/Wilson cycle – cross-ref with CS/TD chapter
	LG1, CS, TD

	Opening of the North Atlantic- Emplacement of the large igneous province-contrast with the Central Atlantic province
	LG1

	Introduction presentation of the ‘classic’ breakup’ scenario in the North Atlantic (e.g. Early Eocene ‘instantaneous’ episode) – so-called Main Stage 1 of the global North Atlantic breakup system in the paper
Early interpretation and model
	LG1, LG2, DF, GF

	[bookmark: _Toc366495375]Terminologies
	

	Volcanic margins v.s magma-poors – also Nourished ‘fat’ rifted margin
	LG1, LG2, DF

	What is breakup? Basic definition – rupture of the lithosphere (not only the crust)- different models proposed
	LG1, LG2, DF

	Continent-ocean transition zone and continent-ocean "boundaries"- Can we agree on a proper definition? (maybe an oceanic continent % threshold) – complex, certainly not so sharp but we need to define a COB - different models proposed, uncertainties
	LG1, LG2, DF

	[bookmark: _Toc366495376]Pre-‛Stage 1 breakup’s history-crustal configuration - models
	

	Main rift/basins organization in the North Atlantic - Rifting phases/rift duration – unclear/unconstrained regions of the NEA (e.g. Rockall, NE- Greenland, JMMC)
	LG1, LG2, DF, MS

	Regional distribution of the LCB
 Nature of the pre-breakup deformations. Crustal thickness estimation nature of the continental LCB (Vp>7 km/s) – why are they so important to valid any specific but controversial tectonic scenarios. Continental LCB versus oceanic LCB
	LG1, DF, NK, TD

	Superextension and comparison with Iberian type magma-poor models?
Is the breakup the result of a continuum of lithospheric deformation ?
Different rifted model scenario, controversies, contradicting and/or alternative models
	LG1, LG2, DF, TD, NK

	Pre-volcanic rift development of the distal rifted margin – margin segmentation
	LG1, DF

	[bookmark: _Toc366495377]Syn-‛Stage 1 breakup’s scenario (s)
	

	Active versus passive modes of lithospheric deformation – modern development 
	LG1, LG2

	Onset of volcanic passive margin, melt production and plume versus non-plume discussion (just a brief summary)
	LG1, LG2, DF, GF

	Crustal/upper lithospheric plumbing models, asthenospherization of the continental lithosphere and onset of breakup
	LG1, LG2, DF, GF

	Possible influence of the inheritance on the breakup (or not?) – mantle weakening, melt prone (suture, old slab, ect.)
	LG1, LG2, DF, GF, CS

	Timing of the breakup magmatism – state of knowledge -chronostratigraphic chart
	LG1, MS, DF

	Sedimentary response, paleogeography – Regional chart for all segments
	LG1, MS, DF

	First phase of breakup in the North Atlantic
	

	Seaward dipping reflector<(SDR) volcanostratigraphy - Structural and magmatic development of the magmatic rift – localization of the deformation – SDR mode of emplacement – C-block , other alternative models– comparison with Icelandic SDR
	LG1, LG2, DF

	Role of oblique segment versus SDR development and melt production
	LG1, LG2, DF

	Nature of the crust underneath the SDR: oceanic ?Continental?, exhumed serpentinized mantle ?
	LG1, LG2, DF, TD

	Embryonic crust organization, control and development? (example Form Norway-Greenland and Rockall-SE Greenland
	LG1, LG2, DF, TD

	Spreading propagation, space and time development of the SDR versus embryonic oceanic crust
	LG1, LG2, DF, TD

	Diachronism during the Early Eocene phase of breakup (Main stage 1 of the global North Atlantic breakup system)
C24r, C24A/B evolution – Plate reconstruction at C24
	

	[bookmark: _Toc366495378]Post-‛Stage 1 breakup’
	

	Complex spreading system evolution, main spreading system organization – Rift migration/extinction - New magnetic data insights
	LG1, DF, LG2

	Volcanic margin and microcontinent – JMMC nature and evolution
	LG1, LG2, MS, CS

	The Faeroes-Iceland-Ridge case study – Its real nature – fragment of preserved continental crust/lithosphere?– 
The Faeroes-Iceland-Ridge, sub-lithospheric inheritance
	LG1, LG2, MS, CS, GF

	Notion of tectonic buffers and locking zones – evidence of delayed breakup
Late spreading segmentation of the North Atlantic: sub-regional examples
C22 event: initiation of the real Breakup along the Faeroes-Iceland Ridge?
C7-C6: Final Breakup along the Faeroes-Iceland Ridge? (Main stage 2 of the global North Atlantic breakup system)
Plate reconstruction at C22 and C7
	LG1, LG2, DF, MS, CS

	[bookmark: _Toc366495379]Discussion: 
	

	Volcanic margin versus magma-poor (Iberian Type) margins: A different rifted margin scenario in the North Atlantic? No continuum of deformation !
	LG1, LG2, DF, MS, TD

	The breakup: local scale versus North Atlantic scale – evidence of continental/lithospheric ‘buffer’
	LG1, LG2, DF, MS, TD, NK

	Diachronism of the breakup – a gradual process at the scale of the North Atlantic?
	LG1, LG2, DF, MS, TD

	When happened the real and complete breakup of the North Atlantic ? (Possibly when the JMMC finally formed around 24 Ma.
	LG1, LG2, DF, MS, 

	[bookmark: _Toc366495380] Bibliography
	



Main PIs of the paper (preliminary draft):
DF: Dieter Franke
LG1: Laurent Gernigon
LG2: Laurent Geoffroy
MS: Martyn Stoker
Other contributions:
CS: Christian Schiffer
GF: Gillian Foulger
NK: Nick Kusznir
TD: Tony Doré



[bookmark: _Toc366495381][bookmark: _Toc378947932][bookmark: _GoBack]Draft title: A review of Late Cretaceous-Cenozoic intraplate deformation in the North Atlantic-western Tethys realm (Leader: Randell Stephenson)
Overview
- intraplate deformation excluding deformation related to the incipient/forming plate boundary
- tectonic deformation recorded by fault activity (mainly)
- inversion structures
- structural reactivations
Materials
- map or series of maps (updated Ziegler maps) newly compiled
- Late Cretaceous/Palaeocene/Eocene/Oligocene-Miocene
- base map and common set of paleotectonic/paleogeographic reconstructions
- describe and correlate
Outcomes
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2. thermal history, crustal and lithospheric thickness (Kenni)
3. development of mantle fabrics (Christian)
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6. Future directions (Imber paper)
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We plan to summarize results from our previous cruises to the Reykjanes Ridge in the context of regional data and the evolution of the flanking North Atlantic basin. Main points include:

· Although the Reykjanes Ridge is thought by some to be the type-example of plume-ridge interaction many of its characteristics can be explained by near-surface plate boundary processes.
· Asymmetric crustal accretion on the ridge, documented through analysis of magnetic profiles, involves a new type of propagating rift phenomenon that takes place within the plate boundary zone.  
· The synchronous segmentation of the ridge and subsequent diachronous removal of segmentation involved plate boundary processes causing asymmetric seafloor spreading and ridge segment migration, not changing mantle temperatures. 
· The large-scale plate boundary reconfigurations of the Reykjanes Ridge that removed segmentation progressed in a series of rapid steps separated by pauses, indicating a plate boundary control related to removal of segmentation offsets, not progressive mantle thermal effects.  
· The transition from orthogonal unsegmented spreading to orthogonal segmented spreading and finally to unsegmented oblique spreading re-established the original geometry of the ridge. The re-establishment of the original linear spreading center geometry indicates a strong plate boundary control, not deep mantle effects. 
· Pulsing plume models as explanations for the Reykjanes V-shaped ridges are internally inconsistent as they require a high viscosity dehydrated layer to deflect mantle plume flow and prevent excessive melting. The existence of such a layer at other hotspots would prevent mantle plume melting altogether for plumes not centered beneath spreading centers (i.e., Hawaii). 
· V-shaped (chevron) ridges can be explained as a result of propagating buoyant mantle upwelling, driven by large gradients in mantle properties away from the Iceland hotspot.  Such migration of propagating instabilities generally occurs at slow spreading ridges in a less pronounced way, driven by small random mantle heterogeneities, forming migrating non-transform discontinuities. 
· Excess melting at hotspots can be explained by the effects of buoyant mantle upwelling instabilities acting on unusually fertile and low viscosity (volatile rich) mantle that may have accumulated from prior subduction events or may have been slowly advected from deep in the mantle.  Excess hot-spot melting need not result from high mantle plume flux but rather results directly from near-surface vigorous buoyant mantle upwelling instabilities enabled by fertile, low-viscosity mantle. 
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Intra-ocean Ridge Jumps, Oceanic Plateaus & Upper Mantle Inheritance
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Ridge jumps within oceanic lithosphere, often associated with enhanced magmatism and the
formation of oceanic plateaus, are common and appear to be a fundamental geodynamic
process adding complexity to plate tectonics and ocean basin development. Numerous
examples globally. The Indian Ocean shows multiple ridge jumps including those between
the Conrad Rise, Crozet Plateau and the Madagascar Plateau, between Seychelles and India,
and between Kerguelen Plateau and Broken Ridge. The South Atlantic shows examples
associated with the separation of Southern Brazil and Namibia leading to the formation
separation of the Rio Grande High and Walvis Ridge.
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Figure 1 {a) Present day crustal thickness from gravity inversion for the Atlantic Ocean. {b) Crustal
thickness restored to 83 Ma using GPlates 1.5.

Gravity anomaly inversion of satellite derived free-air gravity incorporating a lithosphere
thermal gravity anomaly correction data now provides a useful and reliable methodology for
the global mapping of oceanic crustal thickness. The resulting maps of crustal thickness may
be used to determine the distribution of oceanic lithosphere, micro-continents and oceanic
plateaus. Using crustal thickness and continental lithosphere thinning factor maps with
superimposed shaded-relief free-air gravity anomaly, we can improve the determination of
pre-breakup rifted margin conjugacy and sea-floor spreading trajectory during ocean basin
formation. This mapping shows micro-continents, oceanic plateaus and ridge jumps
consistent with a complex evolution of ocean basin development.

Examples include:

Rio Grande Rise and Walvis Ridge. Their evolution shows multiple ocean ridge jumps into
pre-existing oceanic lithosphere with hot spot magmatism generating 30 km thick oceanic
crust. Recent sampling has shown that the Rio Grande Rise contains some continental
material of Proterozoic age. Plate restoration to 83 Ma of crustal thickness derived from
gravity inversion for the S Atlantic shows the Rio Grande Rise and Walvis Ridge forming a
single feature analogous to Iceland {Fig. 1).

Conrad Rise, Crozet Plateau, Madagascar Plateau and SWIR. The evolution of the SW Indian
Ocean shows sequential ridge jumps between Antarctica, Conrad Rise, Crozet Plateau and
Madagascar Plateau leading to the present-day South West Indian Ridge. Ocean ridge jumps
into pre-existing oceanic lithosphere are magma rich generating oceanic plateaus (Fig. 2).
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Mauritius, Nazareth, Mascarene and Chagos Banks. These are underlain by crust rifted and
magmatically thickened ahead of propagating sea-floor spreading. Precambrian age zircons
have been found on Mauritius.
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VRt 7 ) Figure 2 Present day crustal thickness
Madagascar from gravity inversion for the SW Indian

E'.dg_”’“ Ocean showing magmatically thickened
' oceanic crust underlying Conrad Rise,
Crozet Plateau and Madagascar Ridge.
Sea-floor spreading on SWIR developed
at ~ 55 Ma. An earlier now-extinct Late
Cretaceous oceanic spreading centre
can be seen between Conrad Plateau
and Crozet Plateau. Early Cretaceous
sea-floor spreading was located south of
g R T Conrad Rise immediately north of
-~ Conrad Plateau Antarctica.
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Canaries and New England Sea Mounts. Plate restoration of the Central Atlantic shows that
the intraplate magmatism of the New England Sea Mounts (Late Cretaceous) and the
western Canaries (Neogene) align perfectly and also coincide with the northern limit of the
West African craton. However this spatial alighment of intraplate magmatism of different
ages is not consistent with a mantle plume or hot-spot track source.

Iceland. Crustal thickness mapping shows large crustal thicknesses (> 30 km) under SE
Iceland extending offshore to the NE and consistent with SE Iceland being underlain by a
southward continuation of the Jan Mayen micro-continent as suggested by geochemical
evidence (Fig. 3). : ;
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Figure 3 (a) Present day crustal thickness from gravity inversion for the NE Atlantic Ocean. (b)
Higher resolution map of crustal thickness for E Iceland.

Important questions include:

(i) Why do some intra-oceanic regions show repeated rift/ridge jumps and hot spot
magmatism? Are these plate re-organisations locally or globally driven?

(ii) Are these intra-oceanic regions underlain by lithosphere (or deeper tectosphere) with
some continental compositional component?

(iii) Are these intra-ocean ridge jumps attracted by rheological weaknesses controlled by
compositional or thermal anomalies (or both)?

(iv) Can these ocean ridge jumps (and hot spots) be explained by upper mantle chemical
heterogeneity (water?) and thermal “weather” (+/- a few tens of °C)?




image1.jpg
NORTH ATLANTIC WORKSHOPS (ﬂ& s "Durhdm
DURHAM UNIVERSITY @ : University

Seeking a new paradigm for
‘the North Atlantic




