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A Critical Preface 

This book is the first contribution of the IGCP Project 364: Geological Co rrela tion of Ophiolites 
and Volcanic Arc Terran es i 11 tire Caribbea11 Realm, and is the product of several decades 
d edicated to research on the geological constitution of Cuba and its neighboring regions. The 
book present several scientific articles on the geology of Cuba's ophiolites and volcanic arcs. 
The articles are written by professionals w ho have extensive field experience in the country. 
The m ajority of the data presented here are new, o r otherwise constitute revised and updated 
versions of p revious contibutions. Much material that is presently scattered throughout little 
known and h ard-to-find publications a re presented is syn thesized in several of the articles 
presented here. Each topic presents the opinion of its a uthor or authors, which in some cases 
may be contradictory to that of others presented in the book; readers w ill thus have access, not 
only to the d a ta, but also to the d ifferent viewpoints concerning crucial problems of Cuban 
geology and tectonics. 

The first chapter is d edicated to general topics of the geology and geophysics of Cuba. The 
opening paper is a review of the geology of Cuba, where it is shov.·Tl that in Cuba there are two 
major geologic units: the Meso-Cenozoic foldbelt and the overlying Neoautochthon. The Meso
Cenozoic foldbelt includes both continental and oceanic com ponents. The main continental 
component is the southern margin of the Baham as, which includes p latform and slope deposits 
as well as an overlying foreland basin. Other continental units con sist of the Southwestern 
Cuban Terranes, which are composed of m etamorphosed continental margin deposits. Oceanic 
comp onents of the Cuban foldbe lt are the Mesozoic ophiolites and the Cretaceous and 
Paleocene-Eocene volcanic arc terranes. Thc~e Ncoautochthon unconformably overlies the 
foldbelt and consis ts of slightly d eformed , Jatt's t Eocene to Recen t age sedimentary rocks. All 
the contributions in this book follow the nomenclature introd uced h ere. 

A p late tectonic m odel of the origin and evolution of Cuba and the western Caribbean according 
is also presented in the first paper. It includes a series of evolution ary cross sections and 
p aleotectonic m aps along with a comprehensive discussion of the main ideas of the m odel. The 
m odel is based on three concepts: 1) Cretaceous and Paleocene-Eocene volcanic arc terranes had 
different orientations and geographic distribution, 2) their respective su bduction zones, in both 
cases, were loca ted to the south of the present location of the arcs and dipped generally to the 
north, and 3) the arcs were formed within the Caribbean realm. This m odel, recen tly published . 
(Iturralde-Vinent 1994), therefore d iffers from several othe r popular tectonic m odels for the 
e\·olution of the Caribbean area - primarily because of these main concepts. For balance, 
however, an example of a more conventionally ~Kccptt-d modet is presented by Joseph And6 and 
colleagues(Chaptcr 2). 
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The s tructure and origin of the Yucatan basin arc synthetically d escribed by Rosencrantz, along 
with a discussion of the relationships between Cuba and the b<tsin . This work suggests the 
exis tence of a suture of <tn inactive subduction zone south of Cuba, and shows its possible 
landward extension. Equally, the seismic profiles illus trated he re do not indicate the existence 
of a Cretaceous-Eocene backarc basin south of C uba, which has been suggested by several other 
authors (Pindell and Barrett, 1990; Mann ct al., 1993). 

The next paper consists of a comprehensive d atabase of all K-Ar d ates determined for Cuban 
rocks,in addition to a general interpretation o f these a ges. Within the continental units of the 
foldbelt, several well-da ted samples indicate the exis tence of a Neoproterozoic metamorphic 
basement in part of the Bahamas. Within the oceanic elements of the foldbelt, the older K-Ar 
dates are Lower Cretaceous, which are from blocks of high-P meta-ophiolites in the one of the 
northern ophiolite m elange units. The bulk of the K-Ar ages are genera lly younger than the 
protoliths, however, and Me related with later thermal events. 

The last paper in this cha pter is an interpreta tion of the constitution and s tructure of the Cuban 
foldbelt, us ing gra vity and magm' tic fit'lds, along w ith other geophysical and geological d ata. 
The interpre tation is pn•sented as a geophysical nHKicl which aims to provide a better 
unde rstanding o f the ckcp structurt> <'f the Cu ban fokib <.•lt. 

Cha pter 2 is d edicated to the ophiolites of C uba. The majority of the papers included contain 
information compiled from the lite raturt', bu t mostly present new data gathered by the authors. 
The firs t p aper is a gene ra l view of Cuban ophiolites, w ith a d iscussion on the origin, age, 
styles of deforma tion, tectonic position and a ge of tectonic em placem ent. It attem pts to sh ow 
the exis tence of several types of ophiolite, not only in C uba, bu t also in the circum-Caribbean 
region. The ophiolites a re separated into two main age-compositional units: the Jurassic-Early 
C retaceous m elanocra tic basement (peridotite, transitiona l and cumula tive complexes) and the 
La test Jurassic-Cretaceous oceanic complexes. According to the present day tectonic position in 
Cuba, the ophiolites arc further subd ivided into the northern belt, the amphibolitic ophiolites 
and the ophiolites embedded within continental terranes. The firs t gro up is interp reted as a 
former backarc-margin nl sen bCisin, the second grou p the m e tamorphic substrate of th e 
C retaceous volcanic arc, and while the las t g roup may have a varie ty orig ins . 

The second paper nf the chaptL'r is a descri ption l) f tlw Jurassic-Early Cretaceous continental 
margin tholeiitic magm atic rocks rcprPsentl'd in C uba (C wmiguanico, Escambray, and Asuncion 
areas) as \Yl'll as in IWa rby cnntint•ntrd rq~ions. It is in tNcsting to note tha t this magmatism is 
generally older than the magmatism of the Greater J\ntillcs' volcanic arc. It is considered that 
the magm a tism develt)pL'd dll ring lhl' l'Xll'ns ion (and thinnin g) of the continenta l cru s t 
associated w ith the opening of the Caribbea n Teth ys. This rai ses the question as to whether 
Lower Jurassic to Lowe r Cretaceous continental margin magm atism is recorded elsewhere in the 
Caribbean, and if so is it ind icative of extension throughout the area .. 

In this context, the rece nt finding of a Low(' r Jmassic "oceanic terrane" in the Berm eja Complex 
of southwestern Pue rto Rico (Montgomery ct a!. I 994), is particulorly interesting. According to 
these authors, these crustal fragments are o lde r than tlw open ing of the Caribbean, and th is 
suggest that the Caribbean crus t originated within the Pacific reo lm. According to the model 
presented by th ose authors, the "old" Pacific crust was d riven into the (north d ippin g) la test 
Jurassic-earliest Cre taceous subduction zone of the C rea ter Antillean nrc. However, it is very 
im p ortant to point o ut that, w ithin the Bt>rmeja ophiolite com p lex, there are b locks of 
radiolarites whose ages range from the Lower Jurassic to Campnnian (Sche lleken, Santos and 
Jaecks, 1994). If this is correct, it may suggest th at the Bermeja com plex is an accretion ary 
p rism s truc tur(' like tht• N icoya complex of Costa Rica. The interpretation of the Bermeja 
complex, tlwn•fore, is not simple. 
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The following two papers, by G. Millan, describe the metamorphic rocks related to the 
ophiolites. Among them, varieties are distinguished that formed under high pressure 
conditions, and others that originated at high temperatures. The high-pressure varieties are 
usually associated with the northern ophiolites, and occur as blocks, or fields of blocks, within 
a deformed serpentinitic matrix. Millan believes (as do J. And6 and his colleagues in another 
paper) that these inclusions demonstrate that the northern ophiolites were subject to 
subduction. K-Ar ages indicate that such "subduction" was active during the Cretaceous (>126 
My until 67 My, at least). High-pressure metamorphic rocks also occur in the ophiolites that 
are tectonically interbedded within the Escambray Terrane of south-central Cuba. These 
metamorphic rocks are probably related with the shallow underthrust emplacement of the 
sialic Escambray terrane within a subduction zone (Chapter 1), in which case the K-Ar dates 
record a Late Cretaceous age for the emplacement. 

According to Millan, the high-temperature metamorphic rocks are a consequence of ocean-floor 
metamorphism and/ or related with high heat flow within the Cretaceous volcanic arc. He 
describes the Mabujina amphibolite complex, where high-T meta-ophiolites, meta-volcanics 
and meta-plutonics of the Cretaceous volcanic arc are found. The Mabujina amphibolites are a 
well exposed excellent example of metamorphosed crust below an island arc terrane, and show 
similarities with the Duarte complex of Hispaniola, and the Bermeja complex of Puerto Rico. 

It is important to comment on. Millan's conclusion of the existence of a pre-Aptian, northward
dipping, because it differs with several popular models of the origin of the Greater Antilles 
volcanic arc (Ross and Scotese 1987, Pindell and Barrett 1990). "Subduction" as the general 
phenomena of superposition of two crustal slabs can occur with and without equivalent arc's 
volcanism. Subduction not related with volcanic arc activity can take place either when the 
slope of the descending slab is very abrupt, or if it has a very low angle of dip. The shallow, 
low dipping "subduction", is more an underthrusting, while the steep-dipping subduction is 
more.a dip-slip fault. The combination of dip-slip and strike-slip faults along the same trend 
can probably produce high-pressure metamorphism along linear zones, as is found within the 
northern ophiolite melange in Cuba. A geodynamic situation and mechanism similar to the one 
just referred to has been proposed by Schell and Tarr (1978; their figure 3) for the northern limit 
of the Caribbean Plate along the Puerto Rico trench. This kind of geodynamic situation may 
have existed south of the Bahamas during the Mesozoic (Iturralde-Vinent 1994, and first paper 
in Chapter 1). 

The last topic of this chapter is the petrologic investigations of the Holguin ophiolites by a 
group of authors headed by Joseph And6. They describe the mineralogic and geochemical 
composition of the different rocks of the ophiolites, and also discuss the magmatic and 
metamorphic processes that created the ophiolite. This is the first detailed contribution of 
this kind devoted to Cuban ophiolites. The authors argue that these ophiolites originated 
within a fore-arc basin, in supra-subduction environment. The editor disagrees with several 
aspects of this interpretation: (a) because the basis for discriminating supra-subduction origin 
of the ophiolites is limited to four, out of a total of nine points plotted on a Cr vs Y diagram, a 
statistically small sample size, (b) several authors doubt to the validity of this diagram. An 
additional point of contention is the interpretation of the synorogenic sediments within the 
Holguin area. Iturralde-Vinent (1994) considers these deposits to be: 
1) Campanian-late Maastrichtian rocks that belongs to the allochthonous arc, 
2) deposits of the foreland basin, represented by: a) Paleocene-Lower Eocene olistostromes that 
usually occur within fault planes between the allochthonous volcanic arc suites and the 
ophiolite melange, and b) Middle to Upper Eocene olistostromes found in thrust planes between 
the ophiolite melange and the Bahamian continental margin. 

Chapter 3 is concerned with Cuba's Cretaceous and Paleocene-Eocene volcanic arc rocks. As 
related rocks are present throughout the Greater Antilles, the problems discussed are of 
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importance to the whole Caribbean area. The question of the d u ration and continuity of arc 
magmatism in the C aribbean is examine d here in the light of much new data. It is 
demons trated that the Paleocene-Eocene arc is not a continuation of the Cretaceous arc, as 
implied by many models of the Caribbean tectonic evolution. Examina tion o f the ge ology of 
the northe rn Caribbean appears to indicate tha t, five diffe rent, w ell d efined s tages of 

. Caribbean arc magmatism can be distinguished. 
(l) The first shows volcanism of primitive island arc (PIA) type and is (?) pre-late Albian in 
age. These rock types can be can be recognized in C uba, Hispaniola, Puerto Rico and the Virgin 
Islands (Lebron and Perfit 1993). · 
{2) The second stage is composed of a calc-alkaline island arc s uite, dated as late Albian to 
early Santonian-Campanian, which again occurs throughout the Greater Antilles. 
(3} The third stage is short-lived, from Santonian to late Campan ian, and is characterized by 
alkalic, potassium-rich geochemistry. So far such chemis try has only been recognized in Cuba, 
but i t m ay occur in othe r areas of the Greate r Antilles. 
(4) The fourth s tage is Paleocene to Middle Eoct'ne (though some authors rep ort it beginning at 
the end o f the M<~astrichtian) . The magmatis m hils typical ca lc-alka line geochemistry, and is 
recognized at eastern Cuba, Hispaniola, Puerto Rico, the Virgin Islands, Aves Rise, Caym an 
ridge and Nicaragua rise. 
(5) The fifth, Upper Eocene to l{ecent s tage occurs in the Lesser Antilles region and Central 
America. Four of the five Caribbean island arc m agmatic stages are present in Cuba, and are 
subject of evaluation in this chapter. 

The firs t topic of Chapter 3 is a general d escription of the Cre taceous volcanic arc stages as 
they occur in Cuba . Age and duration of arc magmatism are d iscussed , as are the age of the 
plutonic intrusions and rela ted me tamorp hism . Both the a rc's tectonic pos ition and 
emplacem ent are discussed . This is the firs t de ta iled characte rization of the volcano
sedimentary .sequences since the original description by Iturralde-Vinent (1994). The deposits 
are interpreted as originating in backarc, a xial a rc, or forearc bas ins. The base for this 
subdiv ision is the lithological composition of the sequences, the amount and composition of the 
extrusive bodies, and the occurrence of plutonic rocks and hornfelses. 

The s econd contribution in this ch apter concerns the stratigraphy of the a rc-rela ted d eposits. 
TI1is is organized from wt•st to east, according to geographic areas. A description of the volcanic 
rocks o f the Santa Clara region is lacking, but generally these a re very similar to those of the 
Cicgo-Camagi.iey-Las Tunas region. The d('Scriptions include fo rmation names, lithological 
composition, fossils, age ;md stratigr<~ phic position. It should be noted tha t there are differing 
o pinions regarding s tratig raphical nomend<~ture in Cub<~ , therefore, th e n Cl mes used in this book 
are those favored by the individ ual authors. A s htl rt note addresses the presence of Low er 
Cre taceo us pre-late Albian arc magm<~tism in different regions of Cuba, a s ubject p oorly 
cons idered in the Cuban literature, d espite its great interest as possible evidence o f a shrt-lived 
primitive arc. 

Chapter 3 concludes with a gene ral d escription and characte riz ation of the Paleocen e-Eocene 
volcanic. a rc in eas tern Cuba. The reason for this review is that there is much confusion in 
published literature concerning this tec tono-magma tic event Deposits of the backarc basin, of 
the axial a rc zone <tnd of the forearc-subduction zone complexes are characterized . The age 
span of the arc's magm<~tism, its paleogeography, an geologic evolution o f the arc is also 
discussed. This arc is w ell exp osed and represents an excellent example of an axial area-backarc 
basin en vironment. 

In o rd er to s implify loca ting references, these are grouped at the end of the book as a single unit. 
Such a g rouping a llows the rderenet.'S to tw viewed <1S an updated bibliography on the Geology 
of Cuba. 
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