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The following is a compilation of articles presented in the Geological 
Society of London Geoscientist magazine and its online debate series. 

The Pacific Origin Paradigm (POP) should be questioned for the 
Caribbean Plate, say Keith James and Maria Antonieta Lorente* 

 
Geoscientist 19.9 September 2009, p. 12-15 

 
Caribbean Plate understanding is hampered by geology spread over many geographic elements, absence of 
ocean fracture patterns, magnetic anomalies and recognized spreading ridges (except the Cayman Trough 
centre) and by presumed oceanic origins – the Pacific paradigm. Unquestioning acceptance of this creates 
two problems: 1) many projects are premised (and funded) upon it, 2) all data are interpreted in an oceanic 
context. There is strong resistance to alternative models that could provide important possibilities for new 
resource exploration and improved seismic risk control.  

 
Geologic Setting  

 
The Caribbean Plate forms part of Middle America where four marine areas, the Gulf of Mexico, the 
Yucatán Basin, the Cayman Trough and the Caribbean Sea (Colombian and Venezuelan basins), large 
continental blocks (Maya and Chortis) and many islands are dispersed between North and South America 
(Figure 1). 

 
The Pacific Origin Paradigm (POP)  

 
The Caribbean Plate was originally thought to have formed in place but in 1966, Wilson suggested that the 
Caribbean and Scotia plates were tongues of lithosphere intruding between North and South America, 
South America and Antarctica, like inter fingering ice sheets1. The Pacific origin of the Caribbean Plate 
has since become paradigm 2,3,4 (Fig. 2). 
 
The POP model holds that the Plate formed in the Pacific during the Jurassic, thickened into an oceanic 
plateau in the Cretaceous above a mantle plume/hotspot or above a "slab gap" in subducting "proto-
Caribbean" crust and moved between the Americas. It collided with west-facing volcanic arc, blocking 
subduction and reversing polarity. The arc collided with Yucatán and Colombia, subducting continent to 70 
– 80 km and HP/LT metamorphism. Volcanic activity ceased during Eocene to Oligocene oblique and 
diachronous arc collision with the Florida-Bahamas platform and northern South America. HP/LT rocks 



resurfaced in Cuba and along northern Venezuela. Slab roll-back in two different directions opened the 
Yucatán Basin south of Cuba. These elements joined North America as the plate boundary transferred to 
the Cayman Trough, where spreading accompanied 1100 km of eastward plate movement. Cenozoic 
Grenada Basin inter- or back-arc spreading separated the Aves Ridge from the Lesser Antilles, the active 
remains of the arc. Chorotega and Chocó are seen to be intra-oceanic volcanic arcs with accreted oceanic 
rocks on the trailing edge of the Caribbean Plate. 
 
This model regards the Caribbean Plate as comprising mainly oceanic crust surrounded by volcanic arc 
rocks. It requires subduction of large areas of the plate below South America and rotation of the large 
continental blocks of Maya (135° counter clockwise or 100° clockwise) and Chortis (180 counter clockwise 
or 80° clockwise).  

An in situ “antiparadigm” 

 
The in-situ model 5-8 suggests that Caribbean Plate formed in place between the diverging Americas, just 
as the remarkably similar Scotia Plate is known to have formed by spreading and dispersal of continental 
fragments between South America and Antarctica 9.  
 
Diverse geological data show that geology between North and South America shows regional harmony and 
a shared history among the many geographic components. Regional tectonic fabric (Fig. 3) reflects 
reactivation of ancient lineaments and shows that no major block rotations occurred. Crustal thicknesses up 
to 45 km, gravity data and high silica content of igneous rocks indicate that continental fragments lie 
beneath the whole of Central America 10 and the Greater and Lesser Antilles. Seismic data (Fig. 4) suggest 
that they underpin the thick "plateau" of the Venezuelan Basin 11 and parts of the Colombian, Yucatán and 
Grenada basins. Salt diapirs are present. 
 
Plate history involved Late Triassic formation of the Central Atlantic Magmatic Province, Triassic-Jurassic 
rifting, Jurassic – early Cenozoic extension and Oligocene – Recent strike-slip. The geology continues that 
of the eastern seaboard of North America but in a more extensional setting that promoted volcanism, 
foundering, eastward plate growth by backarc spreading and distribution of continental fragments on the 
plate interior and margins.  
 
Subsidence of proximal areas (Bahamas and Yucatán-Campeche platforms, Nicaragua Rise) 
accommodated kilometres-thick carbonate sections. Horsts of continental crust flanked by wedges of 
Jurassic-Cretaceous sediments, flows and salt formed in more distal areas along the eastern margin of 
North America and within Middle America (Yucatán, Colombian and Venezuelan thick crust). 
Shallow/subaerial flows of smooth seismic Horizon B" capped thick crust in the late Cretaceous. Extreme 
extension serpentinized upper mantle, forming rough Horizon B" (thin Caribbean crust). 



 
Figure 1: Middle America. The Gulf of Mexico is intracontinental, surrounded by southern North America 
and the Florida-Bahamas, Tehuantepec (T) and Campeche (Maya) platforms. Cuba (C), with basement and 
Mesozoic carbonate cover intimately related to Florida – Bahamas, bounds the Yucatán Basin to the north; 
the Cayman Ridge separates it from the Cayman Trough. The Chortis Block (CB), with its marine 
extension, the Nicaragua Rise (NR), forms about a third of the Caribbean Plate and is the only place where 
continental crust is currently recognized. Chorotega and Chocó (Chr, Chc) link Chortis to South America as 
Central America. The Greater Antillean islands of Jamaica (J), Hispaniola (H), Puerto Rico (PR) and the 
northern Virgin Islands, large, mostly submerged blocks separated by narrow deeps, lie along the northern 
Caribbean Plate boundary. The southern plate boundary runs along northern S America. On the plate 
interior the Beata and Aves Ridges (BR, AR) separate the Colombian Basin - Venezuelan and the 
Venezuelan - Grenada basins. Sinistral and dextral strike slip on the northern and southern plate boundaries 
and the Lesser Antilles volcanic arc mark westward movement of North and South America relative to the 
Caribbean. The Pacific Cocos Plate converges NE with Central America, where volcanism also occurs.  



 
Figure 2: Caribbean Plate (CP) migration from the Pacific (Central America, outlined, not present at that 
time). Arrows show rotations of Maya, out of the Gulf of Mexico, and Chortis, from SW Mexico, which 
followed the plate and accreted to its NW corner. Chorotega and Chocó (Fig. 1) are intra-oceanic arc + 
accreted oceanic rocks on the western tail of the plate. Note impossible bending of a linear arc, which must 
be rooted in crust, into an extreme curve. 



 
Fig. 3. Tectonic fabric of Middle America. Sinistral offset of North from South America along N60°W 
fractures/intracontinental faults reactivated N35°E palaeolineaments as dextral faults, generated N60°E 
normal faults (e.g. Hess Escarpment HE), E-W sinistral slip along the northern plate boundary (early 
Cayman offset CT) and the Florida Arch (FA).  
While the Gulf of Mexico remained largely intra-continental, the Caribbean, west of diverging fractures in 
the Central Atlantic and a lengthening Mid Atlantic Ridge, suffered greater extension. Middle and Late 
Cretaceous and Middle Eocene convergence led to pause or cessation of volcanic activity, uplift to 
wavebase/subaerial erosion and development of regional unconformities and shallow marine carbonates. 
Cretaceous change of volcanic arc rock chemistry from primitive to calc-alkaline recorded continental 
input. Restricted marine, organic-rich sediments formed along with Late Cretaceous subaerial flood basalts. 
The Middle Eocene event resulted in emplacement of enormous olistoliths (up to 5km thick and 1000 km 
long) onto plate boundaries and terminated most volcanic activity along the northern and southern 
Caribbean plate boundaries (coeval, not diachronous) 13. Oligocene – Recent strike-slip followed, 
corresponding to 300 km of central Cayman Trough spreading - the only identified spreading and magnetic 
anomalies in Middle America. The Caribbean Plate extended eastwards over Atlantic crust. Scotia Plate 
analogy suggests back-arc spreading along the Aves Ridge.  
 
Indications of continental fragments below the Caribbean "Plateau" and the Greater and Lesser Antillean 
and Central American volcanic arcs advise caution in assuming purely intra-oceanic origins for oceanic 
plateaux and volcanic arcs 14. Accepted discriminatory chemical/isotope data for such areas need to be 



statistically qualified and examined independent of presumed origins to see what messages they carry. 
Caribbean volcanic arcs suggest answers to the "andesite problem" - it is not a case of understanding how 
subducting basalt gives rise to such silica-rich rocks 15 but rather of recognizing that arc roots, related by 
seismic velocities to continental rocks 16 involve original continental fragments. HP/LT metamorphic rocks 
are not necessarily signals of subduction. No such rocks are associated with the Lesser Antilles or Central 
America arcs, active since at least the early Cretaceous. Such rocks (Cretaceous) occur close to major plate 
boundary faults, along with sedimentary equivalents. The Columbus – Maturin Basin of southern Trinidad 
– eastern Venezuela, foredeep to the El Pilar Fault, contains up to 25km of Tertiary sediments above 
Mesozoic section perhaps equally thick and heat flow is low to moderate - conditions capable of generating 
blueschists. 

Concluding Remarks 

 
Models for the Pacific origin of the Caribbean Plate models are complicated, with many processes difficult 
to explain or test. The in-situ model incorporates data in a regionally coherent, simple evolution that 
conforms to the wider geology of eastern North America and the Gulf of Mexico. It can be tested by re-
examination of existing samples, seismic data and deep sea drilling 8.  

 
Fig. 4. In-situ interpretation (James, 2007b) of seismic line 1293 over the Venezuela Basin (line location 
Fig. 3). Line and original interpretation, showing 40 km wide highs of vertical dykes flanked by volcanic 
flows, with local seamounts, in Diebold et al. 1999 (Figs. 2, 15)9.  
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Pacific rise  
Back to November 2009 issue  



In answer to the criticisms of James and 
Lorente, Iain Neill* sets out the stall for the 
widely-accepted “Pacific Origin Paradigm” 
model for the origin of the Caribbean Plate 

 

Geoscientist 19.11 November 2009 

 
The “Origin of the Caribbean Plate” meeting at Sigüenza in 2006 
should have been the final resting place of the “in situ” model of 
the Caribbean. The POP is over two decades old. It is a well 
established, tested model with more arguments in favour than space 
allows. I have outlined just five general pro-POP arguments in the 
box, and will respond in summary to James and Lorente’s article by 
challenging first their reading of the POP, and second their “in situ” 
interpretation of existing data. 

Understanding the POP 

 
In their provocative piece POP goes the paradigm? (Geoscientist 
19.9 pp 12-14: see their Figure 2) James and Lorente argue that the 
"Great Arc" of the Caribbean bends and lengthens "impossibly" in 
Pacific Origin models. We know that the arc has a long and 
complex history passing through oblique extension, collision, 
obduction, rotation, even polarity reversal. At a glance, what James 
and Lorente mark as "the Arc" is not telling the full story and their 
objection does not consider the numerous geological processes 
capable of occurring to change the surface shape of the arc. 
 
On their Figure 3, magnetic lineations are marked in the 
Venezuelan basin. This basin is largely covered by the Caribbean 
Oceanic Plateau, and these lineations do not exist in anyone else's 
model, POP or otherwise. Occam's razor suggests that James 
misinterprets, or over-interprets the data. 

 
The authors’ description (p 13) of the POP is factually incorrect in places and seems to rely upon the 
“traditional” view of Burke, (1988)7. Many recent models (e.g. Pindell et al.3,5) do not necessarily believe 
that the oceanic plateau collided with an arc, causing polarity reversal. So here it would seem that James 
and Lorente choose to ignore half the literature. It is vital, in proposing an alternative model to any theory, 
that the protagonists are up to date, in detail, with what they are fighting. Furthermore, it is now becoming 
established that the Caribbean Oceanic Plateau cannot be formed above a slab gap.8  
 



 
The "in situ" model’s interpretations of seismic lines (page 14 of the printed article) prompt me to ask how 
a salt diapir can possibly protrude a substantial distance above the sea floor when it would surely either 
dissolve or spread out. Such structures are more likely seamounts. In erroneously suggesting the presence 
of salt in the Venezuelan basin, the conclusion they then make, that much of the basin represents 
continental crust, is no longer valid.  

 
Interpretations of existing data 

 
As for James and Lorente’s alternative interpretations of the known geology, I would make the following 
points. 

1. Crust of 45 km thickness does not necessarily indicate continental material. Data suggests the 
presence of arc roots, but not necessarily continental crust, in the Caribbean plate. Average 
continental crust is intermediate in composition, so are mature oceanic arcs. Gravity cannot 
distinguish the two. Understanding geochemistry is vital in this respect. High silica does not 
indicate continental rocks. Crystal fractionation from a basaltic melt and crustal re-melting 
generate high silica contents in an intra-oceanic setting and are extremely common processes. The 
trace element and isotopic record from the Oceanic Plateau and arcs, through dozens upon dozens 



of publications shows that there is little continental material beneath the Caribbean Plate. Salt 
diapirs are not present. 

2. The authors appear to argue for punctuated phases of extension from the Triassic through to the 
Oligocene. Broadly extensional tectonics lasting up to 170 Ma seems geologically unfeasible and 
certainly cannot account for the formation of the Oceanic Plateau. Accepting that renders much of 
the discussion that follows irrelevant. 

3. In paragraph 4 (page 14) the authors argue that the Caribbean Plateau formed by "serpentinization 
of the mantle". However, in reality, we know - from geochemical and isotopic investigations of 
extensive land and a number of offshore samples - that it could only have formed in a short space 
of time by the impingement of a hot mantle plume beneath the Caribbean lithosphere. James and 
Lorente may argue that little of the Plateau has been drilled to work out exactly what it is. I hold 
my hand up; I would love to see more samples, but everything we have today fails to counter a 
Pacific origin model. 

4. James and Lorente suggest that mid, late Cretaceous and mid Eocene unconformities are present in 
the Caribbean. Convergent events are not correlated across the region and I suspect their 
contention is a generalisation. A pause in volcanic events certainly doesn’t ring true for the 
Cretaceous period, the Caribbean arc successions were active throughout. 

5. There is no evidence in the geochemical or isotopic record for significant continental input into the 
Caribbean arc(s) during their early history. Why then should continental input appear at an 
arbitrary point during the middle of the history of the arc, if continental material was always 
present in the Caribbean region? The change from island arc tholeiite to calc-alkaline 
compositions reflects changing sediment input and arc maturity. 

6. The authors speak of back-arc spreading occurring along the Aves Ridge. The Aves Ridge is an 
extinct island arc - I have the geochemical data to prove it. Geophysical surveys point to thicker, 
arc-like crust. Hence I presume this is a mistake on the authors’ part. 

James and Lorente suggest that our chemical 
and isotopic data need to be completely re-
examined and "statistically tested". It is this 
point that I take particular umbrage over. 
Geochemists are examining and re-
interpreting their data all the time, whatever 
model is presumed. I cannot accept the 
trashing of over four decades of good 
geological practice in the Caribbean. 
 
I would readily admit that the Caribbean 
community has faced challenges regarding 
the exact details of the POP, challenges that 
are being ironed out as new information 
becomes available. Any model is allowed to 
evolve. However, James and Lorente suggest 
that the POP model invokes processes that 
are difficult to explain or test. We are 
explaining, we are testing. I simply do not 
recognise their argument, especially as the 
“in situ” model in itself breaks so many 
fundamental geological and especially 
geochemical concepts. 
 
The positive upshot from the Sigüenza 
meeting is that there are a number of 
cracking articles which will appear in 
Special Publication 328. Research in the 
Caribbean has moved far beyond the 



objections raised by James and Lorente. Let the “in situ” model rest in peace. 
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A new theory of 
the Caribbean? 
Not likely!  
Iain Neill* believes that while 
no single model to date fully 
explains the Caribbean Plate, 
this is no reason to forsake 
well-established and 
fundamental tectonic laws. 

 

Geoscientist Online 18 December 
2009 

 
A cursory glance at the literature shows that 
the Caribbean is a hot topic. The kerfuffle 
over the Origin of the Caribbean Plate 
(Geoscientist v.19.9), however, bears little 
relationship to the fervent debate that 
occasionally erupts at workshops, 
conferences, or on paper, in part around the 
many facets of my own supervisors’ 
(Andrew Kerr and James Pindell) models of 
how the Caribbean has evolved! I wrote in 



November (Geoscientist v.19.11) that the Origin debate should have finished years ago. That debate is 
being re-stoked by those who do not even believe in the existence of Plate Tectonics. Can this mess be put 
in the garbage can for once and for all? 

In defence of Plate Tectonics 

 
The present understanding states that oceanic crust is generated at mid-ocean ridges, and returns to the 
depths of the Earth at subduction zones, in tune to the beat of mantle convection. Rock will partially melt in 
the mantle or lower crust under the right circumstances when decompressed or hydrated. Continental crust 
has built up over time by addition of magmas and the accretion of oceanic material, seamounts, plateaux, 
arcs und so weiter at collisional margins. Plumes may be generated by the rise of material from 
disturbances within the mantle. The crust shall twist, shear, fold and fault, thicken and thin in response to 
the movement of plates and the fiery Play-doh beneath. Numerous processes leave their imprint upon the 
geochemistry of the rocks involved. Collectively we have the mix of events whose sum total is tectonic 
geology as we know it – and the existence of these events can be tested scientifically. Thus satisfied, every 
rock that we pick up, scan, image, blast or zap can then be investigated alongside its neighbours and put 
into a tectonic context. And so we build up a pattern of local, regional or global Earth history. Thus it has 
been for over fifty years of intense study. The Caribbean region is not exempt. 
 
The very few remaining in-situ followers would admit our comprehension is not aided by poor exposure; 
limited access; weathered rocks and incomplete, misused and often inaccurate data. Through time this lack 
of detailed information has led to the debates we see and ultimately the doubters of the Pacific Origin 
Paradigm continuing, albeit in my opinion falsely, to have a voice. However, the inability of Pacific Origin 
workers to produce a self-agreeable explanation of Caribbean geology simply does not reflect a problem 
with Plate Tectonic theory. Disagreement is eminently resolvable by tweaking the current models as new 
data is generated, old reviewed and new understandings reached. 
 
In November, I laid out some of the key problems I saw with Keith James’ interpretation of the Caribbean; 
one that shows unwillingness to see the gamut of facts and interpret them with the eyes of a tectonic 
geologist, geophysicist or geochemist. I now see in Karsten Storetveldt’s descriptions of the Caribbean a 
similar problem. His arguments come straight off the back of a reading of the commentary of James and 
Lorente. He states: “as a wide range of regional and larger scale geophysical and geological information is 
omitted from their re-evaluation, the arena is open for alternative non-plate tectonic solutions.” The arena 
would be well and truly shut had he a full appreciation of the available facts about the Caribbean region at 
the level of detail required. Not once does Professor Storetveldt talk specifically about the ages of rocks, of 
their chemistry, their inferred tectonic setting and actually challenge what is wrong with the current 
interpretations. He has not seen beyond his own model of wrench tectonics and ridden roughshod over what 
we know. Indeed, what of all the other proofs, aside from his bugbear, palaeomagnetism, that show Plate 
Tectonic theory to be rather sound? What is wrong with what radiometric dating or geochemistry tells us? 
Or the stories trapped in the sedimentary record, in faunal associations, ophiolites, high-pressure belts and 
suture zones, even in geophysical surveys? 
 
Such tales are closer to fact than fiction so let us not break convention and instead turn to resolving the 
history of the Caribbean using plate tectonic means. 
 

To return to the real debate 

 
The posturing today in the peer-reviewed community relates to what Jim Pindell calls the ‘how’ of 
transporting the Caribbean Plate from the Pacific to the inter-American realm, rather than the ‘if’ it did or 
did not start life out west. The ‘how’ question is being answered by detailed investigation of the island arc 
systems that have developed at the leading edge of the Caribbean Plate. Resolving their number, ages, 



polarity and interaction with the Caribbean Oceanic Plateau is the key to unlocking the tectonic truth 
behind the Caribbean. This of course goes completely against the hypothesis of James et al., namely that 
Pacific Origin models are simply too complex to be true. They see debate and take that to mean that we are 
all fundamentally wrong. I would take the opposing view, that we are all partially right and that another 
model can be developed which satisfies the most rigorous geological tests. Truth will out, given time. I’m 
going to try and explain in broad terms some of the ideas and variations on the Pacific Ocean Paradigm that 
are getting us hot under the collar at the moment, if only to show that they are entirely reasonable! 

Three models - but it all hinges upon the Great Arc 

 
As I noted, chief among the challenges in Caribbean geology is to explain the precise mechanism of 
wrapping the Americas around the Caribbean Plate to attain today’s configuration. It is clear that much of 
Caribbean eastward motion is only apparent. The formation of an arc at the trailing edge of the plate, 
coupled with the west-dipping ‘Great Arc’ subduction zone in the east, anchored the Caribbean in the 
mantle reference frame (Pindell and Barrett, 1990). This allowed the plate’s relative motion into the proto-
Caribbean realm as the Atlantic widened and the Americas pushed west. Our problem then is to explain 
where and when the Great Arc itself originated and when it became west-dipping to allow the Americas to 
begin their slide-past. Over the past few decades, many hypotheses have arisen but I will focus upon 
grossly summarising three models that all have their particular enthusiasts. Which is right? 
 



 

“Burke” 

 
The Caribbean crust, upon thickening by the starting Galapagos mantle plume (e.g. Duncan and Hargraves, 
1984) at ca.90 Ma was rendered unsubductable at a west-facing Great Arc which lay at the western edge of 
the proto-Caribbean sea which split the Americas. This thick plateau crust forced a ~85-80 Ma subduction 
polarity reversal and the generation of a west-dipping subduction zone for the remainder of Caribbean 
history (for example, Burke et al. 1988; Kerr et al. 2003 and several other models). 
 
The plateau collision model I believe holds sway until the history and polarity of the forearc-arc-backarc 
assemblages in Cuba and Hispaniola are investigated in detail. Pindell et al. (2005; 2006) argued the case 
for a polarity reversal prior to the formation of the Oceanic Plateau, based on a number of key points, not 
all of which have stood the test of time, but including importantly the Aptian-Albian onset of high-pressure 
metamorphism in the eastern (forearc) of the Great Arc – concurrent with Model 2. 

“Dewey and Pindell” 

 
Pacific crust subducted beneath the splitting Americas forming a precursor Great Arc until the Aptian-
Albian interval, such a time as the Americas took flight westwards. The Great Arc itself was forced into a 



reversal of polarity, possibly after a phase of transform motion due to the greater motion of North America 
versus South America (see Pindell and Dewey, 1982 (original hypothesis); Pindell and Barrett 1990; 
Pindell et al. 2005; 2006). 
 
The Aptian-Albian reversal model has stood up for debate alongside the plateau collision model for nearly 
three decades, but the model remains to my mind somewhat vague about the exact timing of events from 
one location to another and furthermore predicts the subduction of the proto-Caribbean spreading centre 
resulting in a ‘slab gap’ or slab-free zone which might act as a helping conduit through which the 
Galapagos plume head might rise (Pindell and Kennan, 2009). Hastie and Kerr (2009) make it very clear 
that the appearance of a plume head even vaguely close to the Great Arc subduction zone would result in 
contamination of the plume head by supra-subduction zone fluids. Contamination is simply not witnessed 
in the studied sections. 
 
Regardless of this problem, Pindell and his co-workers have now set upon the possibility that all of the 
island arc rocks of the Greater Antilles are part of a singular arc system with a singular west-dipping 
polarity. The idea stems from the realisation that there is a very long-lived west-dipping subduction history 
recorded in the Cuban high-pressure rocks (Maresch et al., 2009; Stanek et al., 2009; Pindell and Kennan, 
2009).  

 
“Pindell Mark II” 

 
At the beginnings of the westward flight of North America, the proto-Caribbean – Pacific boundary was a 
simple transform which took on a strong sinistral transpressive motion and became the locus for a west-
dipping Great Arc subduction zone at ~135 Ma, a state that has continued in general terms until the present 
day (Pindell and Kennan, 2009). 
 

Some other ideas 

 
Which is right? Time will tell but I do not believe that any of the models fit the bill in totality. This does 
not mean we should ditch tectonics as our framework! Joint investigations suggest east-dipping subduction 
during the latest Jurassic. I favour that the earliest parts of the current Caribbean arc crust including the 
North Coast Schist, Tobago, La Désirade and perhaps some older parts of Cuba (Kerr et al., 1999; Snoke et 
al., 2001; Neill et al., unpublished data), developed on this west-facing arc system which lay further to the 
north of the Caribbean region and were brought southwards along the sinistral transform to meet the newly-
developing east-facing Great Arc components to be found on Cuba and Jamaica today (Stanek et al., 2009; 
Pindell and Kennan, 2009). I think one might get around the problem of emplacing a pristine plateau close 
to an active arc by breaking that convention and having the plateau erupt at a considerable distance from 
the Great Arc, away from any subduction fluid influence (see reconstructions in Pindell and Kennan, 2009). 
To reconcile arc and plateau, a second and third arc, now the Dutch Antilles (thanks to Jim Wright!) and 
parts of Jamaica; would transiently form and thus remove the crustal gap between the plateau and the Great 
Arc so they are together today. 
 
Whatever eventually wins out, at no point in this debate have we felt the need to knowingly break the laws 
of geology. Long live tectonics! 
 
*PhD student in SE Caribbean tectonics at the School of Earth and Ocean Sciences, Cardiff University  
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Now that the Origin and Evolution of 
the Caribbean Plate, GSL Special 
Publication 328, is available it is timely 
to respond to contributions to the 
Geoscientist on-line Caribbean debate. 
 
The fundamental tools we have are 
data. Chapter 3, SP 328, synthesises 
and comprehensively references an 
abundance of these. Chapter 4 presents 
my current understanding of Caribbean 
geology, carefully separating data from 
interpretation and suggesting questions 
and tests. Readers should compare 
these with Chapter 1, which makes no 

acknowledgement of other models or challenges to the model it describes. 
 
I reply first to Iain's article in Geoscientist, November 2009. 
 
The Pacific idea is 40 years old. It is indeed well established. It is not well tested. Arguments supporting it1, 

2, 3 (20 arguments in total), 4 (8 "controversies resolved") were challenged in detail by James, 2006. 
However, Pacific champions never address arguments against their ideas or discuss arguments favouring an 
in-situ origin5,6. Instead they plea for censorship: "The literature is simply too mature for the proposal of ad-
hoc regional or sub-regional models based on small, limited or local data sets to mean anything significant" 
and: "the peer-review process needs to be tightened up: several recent attempts to build "new" Caribbean 



models violate so much basic geology, ignore so much geophysical and geochemical data, and/or show a 
lack of understanding of tectonic synthesis, that they cannot be taken seriously"4. These proclamations 
contain no references and detail/disprove none of the "violated" geology or "ignored" geophysical or 
geochemical data. This is not science. 
 
Now we read Iain's psittacine “breaks so many fundamental geological and especially geochemical 
concepts."  
 
Let's look at his four pro-POP fundamental concepts. 
 
1) Accommodation of the Caribbean Plate was not possible in the early Cretaceous. The reconstructions 
Iain refers to are based upon fracture zones in the Central and Southern Atlantic oceans, estimations of 
Pacific crust that no longer exist and models of hotspot motions (SP 328 Chapter 1). Fig. 3 of Chapter 1 
shows only a minor part of Atlantic reconstruction in the Equatorial Atlantic and an earlier version4 (fig. 2) 
even shows the Caribbean area blanked out. Whatever sense can be extracted from Chapter 1 on derivation 
of plate movements, I note that even GPS data do not rigidly define present day motions in the Caribbean 
area7,8 (65% change in estimate of Caribbean/N. America motion from earlier model) and Geoscientist 
13/5, p.16-17, noted that hotspots move relative to each other at centimetres per year. 
 
Separation of N and S America began when N America started to move NW and it continues today. 
Magnetic anomaly and fracture data from the Central and Equatorial Atlantic record this separation and 
reconstructions based on these allow the presence of the Caribbean in the Cretaceous (SP 328 Chapter 3, 
fig 4). As the curved (convex-to-west) Mid-Atlantic Ridge moves away from Africa it has to extend. It does 
so over Caribbean latitudes (Vema Wedge, Ch. 3, fig. 2). Simple observation, that the westerly offset of the 
Mid-Atlantic Ridge over latitudes 0 – 15°N equals the offset of the Caribbean "plateau" (Ch. 3, fig. 3; 
magnetic lineations, western Venezuela Basin) from the eastern seaboard of N America, supports the 
suggestion (Ch. 3, 4) that the two areas share the same geology. 
 
2) Iain, like SP 328 Chapter 1, claims a "general lack of arc-derived tuffs in Proto-Caribbean passive 
margins until the Maastrichtian-Cenozoic". Chapter 1 also notes that this is a "primary argument" for the 
Pacific origin of the Caribbean arcs. Chapter 3 (Stratigraphy, Cretaceous) summarises data on Lower 
Cretaceous sedimentary/metasedimentary sections of northern S. America. They show that rocks 
grade/continue from continental platform to deep marine environments. They all contain tuffs, exhibit 
northward increasing silica and volcaniclastic content, and change to metatuffs, pillow lavas and basalts in 
distal areas. Tuff occurs in Cuban upper Jurassic limestones9 and in metamorphic rocks above Aptian-
Albian limestones of the Dominican Republic. The latter contain Orbitolina concava texana showing 
correlation with Texas, Cuba, northern Central America, Colombia and Venezuela10.  
 
3) Tethyan – Caribbean connections since the late Cretaceous only? Brachiopods migrated from Tethys to 
Mexico in the Middle-Late Jurassic11. Early Aptian rudists extended from Mexico and Trinidad to France 
and Tethyan margins12. Aptian – Cenomanian gastropods of Mexico, the Gulf of Mexico and the Caribbean 
show strong affinity with Tethyan faunas13, 14.  
 
4) Tomography. Van der Hilst15 summarized that his tomographic studies imaged the Lesser Antilles 
subduction zone to a depth of 600 km. Seismicity indicates dips of 60° (vertical south of Grenada), so only 
700 km of crust could have been subducted below some 340km of the eastern Caribbean. The data support 
neither "tomographic suggestion of > 1500 km of subducted crust" nor overriding of more than 2,500 km of 
"proto-Caribbean" crust by a migrating plate4, fig. 6.  
 
In his thesis Van der Hilst wrote several cautionary notes. While regional seismic data are desirable for 
tomographic analysis, Caribbean data are restricted to narrow zones along plate boundaries. He stated " --- 
the results necessarily have a preliminary character and discussions and conclusions should be considered 
tentative." He described his interpretation “of inclined, slab-like velocity anomalies as transections through 
the blurred image of the Atlantic lithosphere subducted below the eastern Caribbean” as "a working 
hypothesis". Iain joins a long list of authors who (mis) quote Hilst's findings as fact without noting these 
reservations.  



 
Dziewonski16 observed that the most famous "example" of subduction is the Farallon slab, which seems to 
penetrate the lower mantle from the 650 km discontinuity in both P- and S-velocity models. There is a 
mirror-image high velocity body beneath the Pacific. It lies in an area where there has been no subduction 
in the last 200 m.y. 
 
I now turn to Iain's understanding of the Pacific paradigm. 
 
1) Migration of the Caribbean “Great Arc” between the Americas. He should take a ruler and measure the 
total length of the Cretaceous Caribbean "Great Arc" components. By this I mean the actual size of the 
Greater Antillean blocks, not just the smaller, subaerial parts commonly illustrated by Pacific models such 
as SP 328 Chapter 1, fig. 7 with Jamaica, Cuba, Hispaniola represented by blobs. While Figs. 9 and 24 of 
Chapter 1 show definitive outlines of the islands these are subaerial only and they show none of the 
rotations mentioned by Iain. These figures also show the Caribbean Plate in the Pacific already carrying the 
Lower Nicaragua Rise, part of the continental Chortis Block supposedly accreted to the Caribbean after it 
entered between the Americas.  
 
Iain should consider why these Antillean blocks, supposedly extinct Cretaceous volcanic arcs, are many 
times larger than the islands of extant arcs of the Lesser Antilles, Scotia, the western Pacific and Aleutians. 
He should quantitatively illustrate how the linear arc entered the Caribbean and became highly curved 
(decapitated volcanoes dragged in like string of beads, extending, colliding, obducting and rotating?).  
 
2) There is no NE tectonic fabric of the western Venezuela Basin? Donnelly17 identified linear magnetic 
anomalies over thick crust (the Caribbean "oceanic plateau") in the western Venezuela Basin where Edgar 
et al.18 described a corresponding structural grain of buried scarps and seismic isopachs. Diebold et al.19 
combined these in the same map and they appear on the Exxon world geological map. Chapter 3 of SP 328 
discusses these in detail and in regional context. They are also referred to in the Chapter 1, which in 
addition claims prediction and identification of E-W shears across Costa Rica and seeks to name the 
"Panama Block". The E-W shears were already published in 200720, fig. 11.2b and the "Panama 
Microplate" has been in the literature since the early 1990s. 
 
3) Half the literature ignored? Iain states that many recent models do not necessarily believe that the 
oceanic plateau collided with an arc, quoting Pindell et al. 4, 21. That is one model, not half the literature. 
Moreover, it is a model that includes a "nearly inescapable slab-gap" origin for the plateau, which Iain 
himself rejects in the same paragraph. 
 
4) Salt solution or spreading – the impossible diapir. Instead speculating on salt behaviour and cursorily 
dismissing sea-floor diapirs in the Caribbean because he thinks they could not exist, Iain should refer to 
data22, 23, 24. Salt diapirs rise several hundred metres above the floor of the Gulf of Mexico, the 
Mediterranean and several locations in the Atlantic, protected by solution cap rock. Figure 8, SP 328 
Chapter 3, shows the similarity between seismic data over the Gulf of Mexico and Caribbean features. It is 
also unscholarly, Iain, to imply that interpretation of a salt diapir is my only argument for continental crust 
in the Venezuela Basin. 
 
Iain's further misunderstandings. 
 
1) Thicknesses alone do not identify crustal type. Agreed, but combined with rocks, gravity and seismic 
data, chemistry and regional geology they offer good clues. Crust up to 40 km thick below the Aves Ridge 
and dredged granodiorites combined with seismic velocity data indicate continental granodiorites below the 
ridge and the adjacent, similarly layered Grenada and Venezuela basins 25, 26.  
 
Some of the best, most recent data on "intra-oceanic" arcs come from the Mariana Arc where velocity data 
also indicate layered crust including thick continental, granitic or andesitic rocks27. This is an arc whose 
northern extension, Izu-Ogasawara, next to continental rocks in Japan, is built of continental material.  
 
Over 80% of volcanoes produce andesitic lava and clastics while melts generated in the mantle at 



subduction zones are mostly basaltic28. Continental crust is andesitic in composition29, 30. Tatsumi and 
Kosigo31 offer a model of continental crust formation via magma mixing involving present arc basalt 
magma, present arc mantle, present amphibolite, ancient amphibolite, ancient arc basalt and felsic magma. 
So you can choose – nine-stage complex magma mixing or presence of original continental crust. Occam 
would have something to say here. Take away the back-arc basin behind the Mariana Arc and a much 
simpler explanation of the origin of Mariana continental rocks emerges. 
 
2) Extension lasting 170 Ma seems geologically unfeasible? Pangean breakup was underway by 190 – 180 
Ma32, 33 and divergence between the Americas continues today (SP 328, Ch. 3).  
 
3) I do not argue that the "Caribbean Plateau" (up to 20 km thick) formed by serpentinization of mantle 
(Iain needs to re-read my words). I suggest this mechanism for formation of Horizon Rough B" and thin (3 
km) parts of Caribbean crust. We certainly do not know that the "Plateau" formed in a short space of time. 
The only samples of the original plateau34 are a few cores just metres long that sampled Horizon B" - 
dolerite sills or basalt flows at the top of the "plateau". They do not calibrate a 20 km thick section. Iain's 
supervisor, Andrew Kerr et al.35, Table 2 summarized occurrences and ages of plateau rocks in the Pacific 
and the Caribbean. Ages cluster at 124 - 112 Ma (Barremian-Aptian), 91-88 Ma (Turonian) and 78 - 59 Ma 
(Campanian-Danian). Kerr et al.35 also noted that basalts of marginal basins of island and continental arcs 
are potentially the most difficult to distinguish from oceanic plateaux. 
 
According to Pacific models of the “Caribbean Plateau” rocks on Cuba, Jamaica, Hispaniola, Puerto Rico, 
Aruba, Curaçao, Trinidad and Tobago, in Costa Rica, Guatemala, Panama, Venezuela, Colombia and 
Gorgona Island are seen as uplifted parts of the plateau. Except for Hispaniola and Puerto Rico, all these 
are removed from the original "plateau"34 of the Venezuelan Basin. Cuba lies on the North American Plate 
and is separated from the Caribbean by the Cayman Ridge and Nicaragua Rise, both with continental 
basement rocks36, 37, 38. Trinidad and Tobago lie beyond the Lesser Antilles arc, not behind it, on the South 
American Plate. The North Coast Schist of Tobago exhibits continental input in the Albian39, when Iain and 
his friends would have the island in the Pacific.  
 
As for plumes below plateaux, Schaltegger et al.40 found continental zircon xenocrysts in basalts from 
Iceland and Mauritius while Amundsen et al.41 noted that continental material has been dredged, drilled or 
reported as outcrops from a number of volcanic ocean islands and submarine ridges, suggesting that many 
are underlain by continental fragments. Continental crust is inferred to exist at Seychelles, Faeroes, Rockall 
Bank, Jan Mayan, Kerguelen, Ontong Java Plateau, Cape Verde and the Cameroon Line. Seismic data 
indicate that Caribbean "Plateau" architecture replicates that of the calibrated (drilled), extended, eastern 
continental margin of N America (SP 328, Chapter 3). 
 
4) There are no regional Caribbean unconformities? Mattson42 catalogued episodic unconformities and 
hiatuses around the Caribbean in the Aptian-Albian, Santonian, Palaeocene, Middle-Late Eocene and 
Oligocene. To these we can add Campanian and Miocene unconformities (SP 328, Chapter 3)  
 
5) Why the appearance of continental input in volcanic arc rocks? Uplift and erosion during development 
of the regional unconformities would be obvious candidates. Note here that the Aptian-Santonian Sans 
Souci volcanic rocks of Trinidad include quartz sandstones and conglomerates with continental 
provenance43, yet Iain et al. would have these forming, like Tobago, in the Pacific ocean. 
 
6) If Iain has proof that the Aves Ridge is an extinct island arc and not a back arc let him present it. 
Otherwise, Iain, the moon is made of green cheese - I have the proof. At a September 2009, conference in 
Cardiff Neill et al. wrote: Aves Ridge rocks were weathered on the sea floor and pervasive hydrothermal 
alteration has occurred. So what confidence do we have in their chemistry (see below)? Geophysical 
studies do indeed indicate thick crust below the Ridge (up to 40 km, Holcombe et al., 1990). So, no, this is 
not a mistake on the authors' part.  
 
Geochemists are examining their data? Is the following44 good, statistical science? 
 
“Although the Mesozoic igneous rocks are generally poorly exposed and badly altered, we have collected 



and geochemically analyzed 25 samples that place new constraints on plate tectonic models of the 
Caribbean region. From our recognizance (sic) sampling, six main lava types have been identified within 
the Mesozoic igneous rocks of Cuba." From this small sample the paper identifies rift basalts, oceanic 
tholeiites, backarc basin lavas, boninites, island arc tholeiites and calc-alkaline lavas, a short-lived, aborted 
arc that was mostly eroded away and proposes a new tectonic model of the Caribbean. Table 2 of this paper 
shows just six samples related to the Cretaceous volcanic arc (see below, Iain's second article). 
 
Similarly, Hastie et al. 200945, studied just 25 samples from a 1000 m section of lower Cretaceous rocks 
on Jamaica. They used immobile elements Th and Co as proxies for K2O and SiO2, mobilised during 
hydrothermal alteration, to determine their volcanic arc origins. How do we know the (absent) mobile 
elements were there in the first place? 
 
I have no wish to, and I do not, trash geochemistry. I genuinely admire efforts of those such as Iain's 
colleagues45 and I sincerely wish them success in studying the weathered rocks of the Caribbean. However, 
like many similar studies, these begin with the premise that the rocks are from a volcanic arc. For all I 
know they are and I am willing to accept this given proof. That still does not mean they formed in the 
Pacific. However, I would like to see all rocks analysed in the same way and the data subjected to the same 
numerical analyses, without presumption of origins - multivariate statistics, impersonal analyses, 
repeatable, significant/confident discriminants - used consistently. Not “this rock is green - that one is 
heavy; this island has oranges - that one has apples." 
 
I am sceptical when geochemists themselves cannot agree on origins of the wide range of intrusive igneous 
rocks on the small (8x3 km) island of Gorgona, offshore Colombia. Early work attributed the rocks to a 
mid-ocean ridge. Now "mantle melt modelling suggests that enriched magmas are the product of deeper, 
small degree melting of a pervasively heterogeneous plume comprising a refractory matrix with enriched 
streaks/blobs, whereas shallower, more extensive melting, results in the formation of relatively depleted 
magmas"46. Chemical and radiogenic isotopic heterogeneity of the rocks requires "at least three isotopically 
distinctive mantle sources (two depleted one enriched) derived in part from recycled oceanic crust and 
lithosphere, with some transfer of material from the outer core to the plume source region"47. Wow! 
 
Some attribute Gorgona and the Caribbean plateaux to the Sala y Gomez and Galapagos hotspots, 
respectively48. Others conclude that Gorgona is part of the Caribbean large igneous province associated 
with opening of a slab window within an intraoceanic subduction system49, 50. Ar-Ar data and palaeontology 
of overlying sediments document Gorgona activity over the period ~92 - >56 Ma, inconsistent with 
formation above a stationary hotspot51.  
 
In his second article ("… a tale……full of sound and fury, signifying nothing") Iain gives us all a short 
course in plate tectonics (thank you) and the summary that continental crust forms by accretion of oceanic 
rocks (really?). Re: Caribbean geology he is certainly right to highlight problems of poor exposure, limited 
access, weathering and incomplete, misused and often inaccurate data. His use of "tweaking" is indeed 
appropriate for the Pacific paradigm. The "updates" in SP 328, Chapter 1, once again fail to reference 
arguments against Pacific origins while massaging the ever more complex model to accommodate them.  
 
He twice mentions the Aptian-Albian commencement of N America's westward movement - there is 
Jurassic – lower Cretaceous crust in the Central Atlantic. Iain, these are data. 
 
Paring the empty verbiage (cursory glances, fervent debates, albeit in my opinion, eminently resolvable, 
gamut of facts, hot under the collar, grossly summarising, pristine plateaux, unpublished data, vaguely 
close to, in general terms, transiently form) leaves the notion that study of a west-dipping, formerly east-
dipping, Great Arc will resolve Caribbean geology. Then second and third arcs appear (perhaps even 
several arcs52, while the conclusion appeals to "tectonics".  
 
The conference Iain co-chaired in September 2009 included a contribution that denied the Cretaceous Great 
Arc of the Caribbean53. Mesozoic, Palaeozoic and Precambrian zircons and undated coarse detrital 
muscovite, "presumably derived from the South American continental margin" occur in Cretaceous 
turbidites on Curaçao arc rocks54. Precambrian and Palaeozoic zircons occur in Cretaceous calc-alkaline 



volcanic arc rocks in central and eastern Cuba54. As for the record of long-lived subduction in Cuban 
Cretaceous HP/LT rocks, buried to 80km or more and resurrected, he should know that such rocks occur 
intermingled with and grade into sedimentary equivalents.  
 
Caribbean evolution will not be resolved by geochemistry of numerically small samples of hydrothermally- 
and/or sea-floor- and/or tropically-weathered rocks, geophysics, any other specialization or even 
"tectonics". It will be resolved by integration all available data and testing of interpretations. Data 
synthesised in SP 328 Chapter 3 converge to indicate simple extension of exposed and/or drilled geology of 
nearby continents. Chapter 4 suggests tests (a core hole to check salt diapir vs. seamount would be pretty 
useful). There is no need to invent complex migrations and rotations of plates, major blocks and arcs, arc 
polarity flips, complex derivation of silicic andesites from basalt, slab gaps opening in various directions, 
enriched streaks and blobs in heterogeneous plumes and hotspots or oceanic plateaux. It is needless to 
invoke Cretaceous subduction burial to/resurrection from 80km when modern basins, such as the 
Trinidadian Colombus Basin, can produce conditions necessary for blueschist metamorphism and perhaps 
senseless to do so when no such rocks occur along present day subduction zones.  
 
I welcome new talent to Caribbean geology and I am glad Iain approves of Special Publication 328. I laud 
his appeal to address data; that is exactly what he can find in Chapter 3 and several other articles. As 
originator of the Sigüenza conference and senior editor of the resulting volume, SP 328, I accepted a 
variety of talks and papers in the spirit of collaboration and debate. I disagree with several of these, but 
readers should have the opportunity to form their own opinions. I hope Iain will open his mind to multiple 
working hypotheses. He has learned his lessons well but now I believe he should think for himself and 
consider the problems of plate tectonics raised by, for example, Pratt, 200056, Anderson, 200757, and would 
do well to absorb the message of Anderson & Hamilton, 200758.  
 
This Geoscientist on-line debate offers the opportunity for constructive interchange of ideas/understanding. 
I am sorry that Pacific champions remain hidden behind a research student's skirts. Jim Pindell has told me 
he has written a long reply to my 2006 arguments paper and would contribute it to this debate. That would 
be constructive. John Dewey wrote that he and Jim are ready to contribute to the debate if called upon. I'm 
sure we all look forward to hearing from him. It would also be good to hear from the father of the 
Caribbean Great Arc, Kevin Burke, and many others with Caribbean opinions (and data). 
 

Karsten Storetvedt. 

 
I support Karsten’s thesis that strike-slip dominates movement at the Earth’s surface. Lateral movements of 
thousands of kilometres are feasible; thrusting and normal movements amount to maxima of a few 
hundreds and a few kilometres, respectively. I disagree, however, with his rotations of N and S America - 
Palaeozoic lineaments in N and S America and in the Caribbean remain parallel to each other today (SP 
328, Chapter 3). 
 
I also disagree that spreading has not occurred. Seismic and drilling data show that the stratigraphies of the 
western and eastern S Atlantic margins complement each other. Even so, how and how much oceanic 
growth occurred and how much continent remains unrecognized below the oceans59 are fundamental 
questions that few consider. Like the Caribbean, such areas offer huge potential for hydrocarbon 
exploration, presently impeded by naive understanding. They also make nonsense of expensive 
palaeoclimatology simulations that undoubtedly use incorrect palaeocurrent models. 
 
Nevertheless, despite differences of understanding, I wholeheartedly support Karsten’s attempts to think 
differently. To me, the Pacific origin for the Caribbean is blatantly incorrect and Plate Tectonic theory has 
to address some serious questions (data). Prevailing, complacent repetition of these paradigms as final 
solutions retards advancement of geology and is as constructive as discussions of flat Earth. 
 
Let’s debate. 
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James Pindell and John Dewey reply to 
Keith James  
 
To the Editor (Rec'd & Pub'd 9 February 2010)  

 
Sir, We wish that we could say that we read Keith James's latest piece with interest, but it would be untrue. 
In our opinion, it is a litany of errors, misquotation, phrases twisted out of context, misunderstanding, 
inaccuracy, confusion, and pseudoscience that render it of no scientific account. Moreover, the points and 
misunderstandings that he raises have been rebutted and clarified succinctly and accurately by Iain Neill, 
whose work and opinions we fully endorse.  
 
We find it sad that Dr James has descended to belittling Iain's work and youth in a sarcastic and 
condescending manner that has no place in scientific debate. We feel that a further scientific rebuttal of 
James's opinions is superfluous and counterproductive in that it could lend to his arguments a credibility 
that, in our view, they do not deserve.  
 
It is telling that James needs to stray from quantitative kinematic rules, and acceptance of geological 
principles such as subduction zone metamorphism and geochemical definition of arc vs. continental crust, 
in order to force his model to "work". For this reason, we have decided to take no part in this artificial 
"debate" (which amounts to a handful of people failing to be able to appreciate how obvious the Pacific 
origin is) beyond this letter.  
 
James urges Iain to learn to "think for himself"; he has done so, and, in so doing, has reached the correct 
negative opinion of the nonsensical "In-situ" model. Iain is a fine and committed young field 
geologist/petrologist/geochemist who has learned a lot about the Caribbean, and who does not deserve such 
rudeness.  
 
We hope that Keith James does not really believe his (in our view) silly statement that we are hiding behind 
Iain's skirts. Dr James has been exposed to a wealth of solid data and arguments both for the Pacific origin 
and against the in-situ origin, at both his own meeting in Siguenza, Spain and also in Cardiff, Wales. If 
these venues and many others cannot correct his view of the Caribbean, then no amount of magazine-style 
"debate" ever will.  
 
We wish him well. 
 
John Dewey and Jim Pindell  

• Editor writes:  According to the rules by which Geoscientist moderates online debates, this 
withdrawal from the process by the "Pacific Origin" advocates concludes the Caribbean Debate.  


