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ABSTRACT west-dipping subduction zone (with proto- sample base is too limited to draw detailed petro-
Caribbean plate being consumed). This latter genetic conclusions, we have been able to use the

Accreted terranes, comprising a wide vari- arc was relatively short lived and after being geochemical data to place important new con-

ety of Jurassic and Cretaceous igneous and aborted was mostly eroded away. The Creta- straints on the tectonic development of the north-

sedimentary rocks, are an important and con- ceous primitive (IAT) arc survived and, laterin  ern Caribbean. Moreover, we can use these new

spicuous feature of Cuban geology. Although Cretaceous time, as this arc system moved into Cuban geochemical data, along with published

the Mesozoic igneous rocks are generally the widening gap between North and South data from other Cretaceous Caribbean igneous

poorly exposed and badly altered, we have col- Americas, calc-alkaline lavas began to be rocks, as a framework on which to construct an

lected and geochemically analyzed 25 sampleserupted. The evidence suggests that the changeintegrated (tectonic and geochemical) plate tec-

that place new constraints on plate tectonic from IAT to calc-alkaline lavas was gradual tonic model of the Caribbean.

models of the Caribbean region. From our rec- and not abrupt. These new data, although lim-

ognizance sampling, six main lava types have ited, provide geochemical constraints on the BACKGROUND

been identified within the Mesozoic igneous tectonic development of the northern part of

rocks of Cuba: rift basalts, oceanic tholeiites, the Caribbean plate. In consequence, we pre-  Although earlier workers suggested that the

backarc basin lavas, boninites, island arc senta new plate tectonic model for this area of Caribbean plate formed in situ, with only mini-

tholeiites (IAT), and calc-alkaline lavas. We the Caribbean. mal movement after formation (Schubert, 1935;
suggest that the rift-related basalts may have Meyerhoff and Meyerhoff, 1972), most workers
formed during the development of the proto- INTRODUCTION now appear to be in broad agreement that the
Caribbean, as the Yucatan block rifted away Caribbean plate was formed in the Pacific and
from northern South America in Jurassic— Over the past 40 yr extensive geological mawas transported into its present location by sig-

Early Cretaceous time. The Early Cretaceous ping programs have been undertaken in Cuba. Tificant eastward plate movements (Burke et al.,
oceanic tholeiites have flat rare earth element help improve our understanding of the signifi-1984; Burke, 1988; Pindell and Barrett, 1990;
patterns, and are compositionally similar to cance of Cuban magmatic suites in a Caribbedindell, 1990; Montgomery et al., 1994). Never-
Pacific mantle plume—derived oceanic plateaus context, detailed geochemical data are requirdgtieless, within this consensus there is some de-
of similar age. The Early Cretaceous arc- for the Jurassic-Cretaceous mafic igneous rocksite as to the nature and origin of the components
related rocks are either backarc basalts, that compose a substantial proportion of the i®f the Caribbean plate and the timing and extent
boninites, or relatively trace element—depleted land. These geochemical characteristics coutlsf movements (e.g., Burke, 1988; Donnelly,
IAT lavas. A limited amount of geochemical help to determine the original plate tectonic sett989; Pindell and Barrett, 1990; Pindell, 1994;
and field evidence hints that two parallel arc ting of these Cuban igneous rocks, and help réturralde-Vinent, 1994, 1997).
systems existed in the western proto-Carib- construct the pieces in the plate tectonic jigsaw Within the past 25 yr there has been an in-
bean area in Early Cretaceous time. This leads that controlled the evolution of the Caribbeartreasing realization that the Caribbean plate rep-
us to speculate that in the proto-Caribbean at plate and its interaction with the surroundingesents an area of overthickened oceanic crust
this time there was a western arc with a north- plates. The Cuban Mesozoic volcanic rocks are8—20 km (Edgar et al., 1971; Case et al., 1990).
east-dipping subduction zone erupting IAT poorly exposed and badly altered; neverthele§his thickened crust was drilled by Deep Sea
lavas (with Farallon plate being consumed), we have been able to collect and analyze 25 cribrilling Project Leg 15, and Donnelly (1973)
and a more eastern boninitic arc with a south- ical samples. This study represents a first attemptoposed that a large part of the Caribbean plate
to apply modern geochemical techniques twas formed during an oceanic flood basalt event in
*E-mail: ack2@leicester.ac.uk. Cuban Mesozoic igneous rocks. Although outate Cretaceous time (Cenomanian-Campanian).
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Figure 1. Map of Cuba showing the main lithological units discussed in the text. Also shown are approximate sample locatiordld 1 and
Figs. 2—4 give more detailed locations (after lturralde-Vinent, 1994).

Since 1973, remnants of this igneous provincthe Caribbean plateau during obduction, possiblyf these sections were given in Meyerhoff and
have been identified in accreted and obducted tén-Late Cretaceous and early Tertiary time (KerHatten (1974), Pardo (1975), and Iturralde-Vinent

ranes, around the margins of the Caribbean plageal., 1997b). (1994, 1997).

(Beets et al., 1984; Donnelly et d990), and in Within the Placetas belt, near Camagtey,
northwestern South America (Kerr et al., 1997b)CUBAN GEOLOGIC SETTING Tithonian pillow basalts, hyaloclastites, and cal-
These igneous rocks are now widely recognized careous tuffites (~60 m thick) (Nueva Maria

as the remnants of a major oceanic plateau (cf. The pre-late Eocene geology of Cuba princiFormation; Iturralde and Mari Morales, 1988)
Burke et al., 1978; Duncan and Hargraves, 198#ally consists of a series of folded accreted tecrop out at the base of a sedimentary section
Donnelly et al., 1990; Kerr et al., 1997b) thatanes of continental and oceanic affinity thatomprising limestone, shales, and cherts of late
formed as the result of the upward rise and dstrike approximately parallel to the axis of the isTithonian—Maastrichtian age (Fig. 3). The mafic
compression melting of a large mantle pluménd (Fig. 1). See lturralde-Vinent (1994, 1996ayolcanic rocks have been interpreted as having

head. RecemtPAr/3%Ar step heating of these 1997) for recent reviews. formed in a continental margin setting as a result
plateau basalts and picrites (Kerr et al., 1997a; of the rifting of thin crust (lturralde-Vinent,
Sinton et al., 1997) showed that the bulk of magNorthern Cuban Fold Belt 1988). One sample was collected from this local-
matism associated with the province formed in a ity (NMAL, Table 1), but it was too altered for

relatively short time period between 91 and 87 The Northern Cuban fold belt is a set of northgeochemical analysis.
Ma. Younger (72—78 Ma) and older (Early Cretaward thrust units developed along the northern half
ceous) volcanic plateau-building episodes, howef the island of Cuba, as well as the shelf andllochthonous Terranes
ever, have also been identified within thenorthern keys. This unit has been divided into the
province (Kerr et al., 1997a; Sinton et al., 1997Cayo Coco, Remedios, Camajuani, and PlacetasThree structurally and lithologically complex
Lapierre et al., 1997). Thus, the geological hisbelts and the Asuncion massif (Khudoley, 1967allochthonous terranes (the Guaniguanico, Pinos,
tory of the Caribbean region and the borderlanddeyerhoff and Hatten, 1974, Iturralde-Vinent,and Escambray) are present in south-central and
of northwestern South America has been strongly994, 1996a). To the south, at its base, this fold beitestern Cuba (Figs. 1, 2, and 4). All three terranes
influenced by the accretion of an oceanic plateais in thrusted contact with the northern ophiolitexpose Jurassic-Cretaceous sedimentary sections
with at least two eruptive phases. melange (or subduction-accretion complex) andf continental margin type, along with some ophi-
At least two sequences of Cretaceous arc rocitge Cretaceous volcanic arc suite (Fig. 2). This foldlites and Cretaceous volcanic arc suites (Somin
(island arc tholeiites and calc-alkaline rocks) arbelt consists of strongly deformed predominantland Millan, 1981). In Guaniguanico, however,
also found around the margins of the Caribbeasedimentary rocks of Jurassic-Cretaceous age dealeocene to lower Eocene foreland sediments
region (Donnelly et al., 1990; Dengo and Casposited on a passive margin, and a Paleocene(Rralower and Iturralde-Vinent, 1997) can also be
1990; Kerr et al., 1997b), which both predate anBocene foreland basin. In general, the northerfeund. These terranes are strongly deformed and
postdate the main phases of plateau formatiomost units are typical of the Bahamas platforrdisplay varying degrees of metamorphism. There
Despite this, these arc rocks have not yet beé@ayo Coco and Remedios belts), whereas thosestrong evidence that the Guaniguanico, Pinos,
found stratigraphically interleaved with theto the south represent the continental slope (Cand Escambray terranes were detached from their
plateau lavas (Kerr et al., 1997b). These arc rocksajuani belt) and the old Caribbean basin sectionsiginal position along the eastern margin of the
appear to have been accreted on to the margingBfacetas belt; Figs. 2 and 3). Detailed descriptiomdaya block (Yucatan platform) (lturralde-Vinent,
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1994; Hutson et al., 1998). These terranes are p
served as tectonic windows that crop out withil
the Cretaceous arc rocks (Figs. 2 and 4). The te
tonic emplacement of these terranes below tf
Cretaceous arc suites appears to have been cc
pleted in Late Cretaceous time for the Pinos ar
Escambray terranes, and in middle Eocene tin
for the Guaniguanico terrane (Somin and Millan
1981; lturralde-Vinent, 1994, 1996a, 1997
Bralower and lturralde-Vinent, 1998). Detailed
descriptions of these terranes can be found
lturralde-Vinent (1994, 1996a, 1997).

Mafic igneous rocks of Early-Middle Jurassic
through Early Cretaceous age are found in &
these terranes. They occur as interbedded flow

sills, or dikes within the Jurassic-Cretaceous sec

mentary sections (lturralde-Vinent, 1988, 1996c¢
In the Pinos and Escambray terranes these roc
are strongly metamorphosed, but they are muc
less metamorphosed in the Guaniguanico terrar
The samples in this study were collected withil

KERR ETAL.
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Two mafic units have been sampled from th
Guaniguanico terrane; the El Sabalo Formatio | 5
(SAB 1-2) in the South Rosario belt, and the Er
crucijada Formation (ENC 1-2) in the Felicidade
belt (Fig. 4). The El Sabalo Formation consists ¢ Figure 2. Sample map for central Cuba, showing geology, cross sections, and generalized
a ~400-m-thick sequence of pillow basalts anstratigraphic sections. HT/LP—high temperature, low pressure; HP/LT—high pressure, low
hyaloclastites with thin limestone intercalationstemperature.
paleontologically dated as late Oxfordian—earl
Kimmeridgian age. On the basis of this strati
graphic position, Iturralde-Vinent (1988, 1996¢)1996b). This section of igneous and sedimentabyeen interpreted as a backarc—marginal sea
proposed that these basalts were formed in a cancks (Felicidades belt) has been interpreted ag@ruz and Simén, 1992; Cruz, 1998; lturralde-
tinental rifting setting during the early opening ofragment of the Caribbean ocean crust within ®inent, 1996d, 1996e).
the Caribbean seaway. backarc—marginal sea setting (lturralde-Vinent,

The Aptian-Albian Encrucijada Formation 1988, 1994; Cruz and Simon, 1992; Cruz, 1998)ectonic Units of Oceanic Affinity
(200-200 m thick) consists of a sequence of piRocks belonging to the northern ophiolite
low basalts and hyaloclastites with interbeddethelange and the Cretaceous volcanic arc (the Units of oceanic affinity are represented by the
sediments. These are overlain by the volcani®ahia Honda-Matanzas allochthon; Fig. 4) arblorthern ophiolitic melange and the Cretaceous
sedimentary Cenomanian-Turonian Quifionefound in thrusted contact with the Guaniguanic@sland arc (sensu lturralde-Vinent, 1994). Previ-
Formation (nearly 600 m thick). The section igerrane. Within the Cretaceous volcanic arc inusly workers have grouped these units into sev-
usually strongly deformed, and its base has nttie Bahia Honda-Matanzas area is suite of rocksal formations, or have collectively referred to
been found, although it is in tectonic contaclithologically and geochemically very similar tothese belts as the Zaza tectonic unit or terrane.
with thin strips of fractured serpentinites andhe Encrucijada Formation. The Bahia HondaFhe Paleogene-Eocene island arc is found only in
Mesozoic gabbros (Fig. 4; Iturralde-Vinent,Matanzas Cretaceous volcanic section has aleastern Cuba (Fig. 1). More detailed descriptions

Cretaceous pluton
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Figure 3. Sample map for western Cuba, showing geology, cross section, and generalized stratigraphic sections.

(1988) and Iturralde-Vinent (1994, 1996b).

of these units can be found in Pushcharovsky et 8lretaceous arc rocks. The bulk of the northerooulder sized to bodies as much as a few hundred
ophiolite melange is composed of ultramafic teameters thick, and are composed of basalts, hyalo-
Northern Ophiolite Melange. This melange tonites with layered (cumulate) gabbros, whicltlastites, cherts, limestones, shales, and other
occurs in the northern half of Cuba, as an alfield Mesozoic K-Ar dates (Iturralde-Vinent et al.,rocks (lturralde-Vinent, 1994, 1996b). These
lochthonous body that has been thrust north ad®96). These rocks are usually intruded by isanafic igneous and sedimentary sections have
northwestward onto the foreland basins of thiated dikes of ultramafic and mafic compositionbeen interpreted as sequences formed within a
Guaniguanico terrane and the Northern Cubayielding Mesozoic K-Ar ages (lturralde-Vinentmarginal sea—backarc environment (Iturralde-
fold belt (Fig. 1). Usually they are strongly de-et al., 1996). Mesozoic volcanic and sedimentaryinent, 1989, 1994, 1996b), or within a supra-
formed, partially metamorphosed, and occublocks are found tectonically embedded withirsubduction forearc setting (Ando et al., 1996).
amalgamated both with nappes of the forelantthe melange of deformed serpentinite and galeochemically, the basalts are oceanic tholeiites
basement and with segments of the overlyingros. These blocks vary from isolated cobble anFonseca et al., 1990). Inclusions of high-pressure

Geological Society of America Bulletin, November 1999



9JUINOIH oweurluenNS

sanjolydo

0966T ‘UBUIA-Bp[eLN)| ‘A0 eOJRIEG JO }SOM “BO|\ 0} BOJRIEg WOJ) Peol 8y} uo Aemyey sdosoino abie UJBYHIoU 8y} JO SallIv|oY} dIUeadO uonewlo4 ueliand ay) Jo syeseq F[gle)
92UIN0Id OweurjueNS sayjolydo
0966T ‘IUBUIA-Bp[eLN)| ‘A0 eOJRIEG JO 1SOM ‘BO|A 0] BOJRIRG WOJ) Peol 8y} uo Aemyey sdosoino abie uJdynou 8y} Jo sallisjoyl dlueado uolyewloH ueliang ay} Jo syesegq TINO
aauInold uinbjoH ‘uinBloH jo Ao ay) woly ofese| sayjolydo
966T ““[e10 Opuy 0} Buipeay peo. 8y} pue UQIDB[BAUNDIID 8y} UsaMIag uondasIalul ay) e doiono jews wiayliou sy ul xajdwod axIg solqoeb paleke| ul axip alusjoq Z10H
BJUINOI Seun| seT ‘soulwed
9966T ‘PIG6T ‘WUSBUIA-ap[LN)| oJren) pue oueue) Jo sabe|in ay) 01 Aem sy} uo ‘eiquioloD (|iw Jebns) [enus) jJo
'G66T “[e1o seloy  1semyliou Buipesay peol LIp e 0] [9|fesed pue yinos pajedo| Alojuowoid suolsawi| Mo S)001 9J€ JJUBD|OA SN0BJE)BID Sljeseq eiquojoD 2% 1700
aouInoId sajelawo|bbe
9966T ‘PIG6T ‘JUBUIA-Op[RLN) AanbBewe) 10pIA Jo yinos ‘nAenbewir jo abe|jia syl Jo yinos i1snl paredo iy lews S3001 2J€ DIUBDJOA SNOBJEJSID  UOITeW.IoH oJilnwed ul %20|q sisepuy V0
2ouInold Aenbewe) ‘selnsnp Jo A9 8y} JO ISOMUINOS Wy TT uofew.oH
9966T ‘PI66T ‘WUBUIA-Dp[ELN)| ‘SelAanN 01 Seulj\ Wolj peos ayl Jo yuiou isnf ‘ewr soiouny pawreu Aurenb abieT S$Y001 9Je JIUBD|OA SN0BJEIBID ele|n|A e Jo s)ieseq Jeuwn|od TINN
2966T ‘WUBUIA-Bp[eLN)| 2ouIn0ld Aenbewe) puejisploq uelweyeg ayl
‘886T ‘LB pue JUBUIA-ap[eLn)| ‘uefewre) ap BUIBIS JO S|lIY Y UIyIM ‘eare eleN eAanN ul Auenb aanoeu) Jo saj|joy) Y uibrew reusunuod uonew.loH elel eAsNN Jo Jeseq TVIAN
q966T ‘UB|lIN d0UINOId Ble|D BlIIA
‘P966T ‘WUBUIA-Sp[eLN)| ‘[910H 8y} JO Y1I0U ‘BISPEIA BWOT] Jesau ‘ejjluedqeueH [810H 0} peol ay) uo doioino sajjoqiydwe paiake| -ybiH sayjoqydwy eullngen Tavin
686T ‘Afsnoreyoysnd 20UIN0Id BIe|D B|lIA ‘enberediuely
'G86T ‘e|lld pue e|lIAfe|IA JO UMO] 8y} JO yllou W € ‘enfelediue|y 01 Ble|D eluesS wolj peol ayr uo dosoino S$)001 € JIUBD|OA SN0BJEIBID uoljew.lo4 sosed so ay1 Jo aloeq Tvdl
686T ‘Afsnoteyoysnd 22uIN0Id Ble|D B|jIA ‘enberediuey 0}
'G86T ‘ellla pue e|lIAfe|IA BJe|D BIUBS WO} peol 8y uo ‘enbelely Jo yinos abe||ia [lews ‘s0209 soT ul dosoino S)001 9Je JJUBD|OA SN0BJE)BID uolyewlod enbeje|y ayj ul jeseg 7IVIN
'G86T ‘e|lla pue e|lIAfe|IA 9oUINOId BIe|D B|lIA ‘enbelediuey 01 peos syl uo ‘enbelely abe||iA syl Jo yinos wy T S$)001 € JJUBD|OA SN0BJEIBID uonewlod enbeyejy ul s%001 snosub| - F A
886T ‘Afsnoleyoysnd 90UIN0Id BIR[D BlIA ‘enberediuey sayjolydo
'G86T ‘ellla pue e|lIAfe|IA 0] BIe|D BJUBS Wolj peol a8y uo ‘enbeley abej|ia ays jo yiou isnf dosono S)001 9J€ JJUBD|OA SN0BJEIBID uolyewoH enbeye|y ay} ul susapuy TIVIN
90UINOId BIE|D B|JIA ‘luenfewe) O} ele|D BluesS Wol
0966T ‘IUSUIA-Bp[eLN)| peol 8y} uo JaArY ealy)d el enbes Jo 1seq ‘enwred 019dn1) paweu abe||iA [rews sayjolydo uIdylIou 8y} Uo suoIsnjou| 300|q Jle N £OVS
20UIN0Id BIe|D BlIA ‘luenfewe) 0} Bie|D Blues wolj
0966T ‘WUBUIA-Bp[ELN)| peoJ 8y} uo ‘IaAry ed1yd el enbes Jo 1seq ‘enwie)d 0199n1) paweu abe||A |lews sayjoiydo uIsylou 8y} ul suoisnjou| 300|q 948104 29VS
0966T ‘WUBUIA-ap[eLN| 90UIN0Id BIe|D BlIA ‘luenfewe) 0} vIg|D sajjoiydo uofew.oH
‘0667 ‘"[e 10 edasuoH ®JURS WOl peos sy Je abpLig ayl mojaq ‘1aAly BalyD | enbes auy Jo yueq 1Sopn uJdyuou 8y} Jo sallisjoyl dlueado ©oIYD €| enbes ay} Jo sijeseg TOVS
0966T JUBUIA-9p[eLn)| 9OUINOI Sezueley ‘0AaNN [el0D sayjolydo
1986T ‘PISUAZIAN pue DSmoold JO UMO] 8U} Jeau ‘sulw 8y} JO Jeys ayj Jo pus Iseayliou ‘Auenb aandeur aully 106repn UJdyHoU 8y} JO SallIsjoy} dlUead0 uolrewo jobre 8y Jo s)eseg 219N
g966T UBUIA-9p[eLN)| 90UINOId Sezuele\ ‘0AaNN [eloD sayjolydo
19867 ‘DISUAZOAN pue 1ysmouold JO UMO] BU} Jeau ‘aulw 8y} JO Yeys ay} Jo pus iseayuou ‘Aurenb aaioeur suly jobrep UJBYHIOoU 8U} JO SallIv|oY} dIUeadO uonew.o jobrey sy} Jo syeseq T1ON
066T ‘“"[e 19 edasuoH 90UIN0Id eueneH BT ‘[enBiN ues jo abe||iA [rews sanjolydo
6867 ‘"[e 10 eoasuoH |y Jeau peoljrel enua) Buore sdoiono ‘oplioj4 odwe) Jo UMo} 8y} JO 1SeMYIN0S UJBYLIOU 8} JO SX204 e\ sajuiuog SAVH
686T ‘|e 12 e2asuoH 92UIN0Id eueAeH e ‘|anbin ues Jo abejia |lews sajjoiydo
'G86T ‘IUBUIA-Bp[eLIN)| pue Jeaq)y 8y Jseau peoujrel enua)d bBuore sdoiono ‘oplioj4 odwe) Jo UMo} 8y} JO 1SeMYIN0S uJayuou sy Jo salis|oyl sljeseg SAVH
686T ‘| 19 BoasuoH 92UIN01d eueneH BT ‘|enBiN ues jo abe||iA [rews sayjolydo
!G8AT JUBUIA-9p[elN)| pue Jeaq|y QY1 Jeau peoljres [esnua) Buoe sdoiono ‘oplioj4 odwe Jo UMo} 8y} JO 1SeMYIN0S ulayuou ay) ul sxo0|g salls|og ZAVH
0966T
‘0966T ‘886T ‘JUBUIA-8p[eLn)| 92UIN0Id 01y [ap Jeuld ‘elrediferede) o} yinos Buipesy peo. ay) uo abplq sayjolydo
2867 “[e 10 uinbndajez 1S11} Y} JO ISOMULIOU W 00Z ‘Sezod SeT JaAll 8y ul sdoono ‘epuoH ejyeq Jo 1S9\ UJBYHOoU 8Y} JO SallIB|oY} d1UeadO uonewJod epeflonioudg Jo syeseg ZON3
0966T
‘0966T ‘886T JUBUIA-dp[eLIN]| ‘ele|n|\ e 01 peol 8yl Yim uoiossiaiul syl Jo sayjolydo
2867 “le1o uinbndsjez  yinos wy T ‘esedjferesed 03 yinos Buipesy peos sy uo doiono ‘epucH ejyeq Jo 1S9 UJBYHIOoU 8Y} JO SallIB|oY} d1UeadO uonew.od epeflonioug Jo syeseq TON3
92UINOId O1Y [8p Jeuld
0066T ‘886T ‘JUBUIA-9p[eLN)| ‘oLes0y [9p BUIBIS ‘[eqOISIID UBS 0] BPUOH klyeg Wolj peol syl YIMm uondasiaul auela) odluenbiuens)
86T ‘PISMO)|0Z2ZSd 8y JO 1Sam W] Z'T ‘eurUO|A ap eislale) peol ay) Buole ‘onuog obuep Aleso JO say oyl Yu uibrew eusunuod uoneuwo ofeges (3 Jo yeseg T-avs
EERIEIETEN | Aijeso Bumsas [eaibojoa) adA1 o0y o|dwes

S31IS d37dAVS FHL 1NOFV NOILYINHOLNI TvIID0T03O 43149 ANV NOILVYOO1 'T 319vL

Geological Society of America Bulletin, November 1999



b
v

Camagiiey

v v v
CAEEI AR LY

La Mulata Fm

Colombia
basalis

Boninites (HOL2)

Northern Cuban
Fold belt

Cretaceous volcanic arc

Northern Ophiolites

Vulcano-
plutonic suite

siliciclastics

“v:::v:y"::: ::: MO Arc's basement
~oyr.reamujiro Frm
e, 21°4 ¢ Samples
B ‘ & Holguin Q) Moa
P r"// C auivijan
g VA%
Q787 7%
(20 4%, _ Baracoa
: > 0 F
W
N Santiago G ... & Yt v,‘i-"
de Cuba - uantanamo e
, | 20°_|
A Ny D Arcbasement
CAYMAN (amphibolites)
789 77°) 76°| 759
PASSIVE MARGIN EARLY CARIBBEAN CRUST BACK ARC CRETACEOUS ARC
CAMAGUEY
NORTHERN PLACETAS - HOLGUIN EASTERN CUBA CAMAGUEY
FOLD BELT BELT OPHIOLITES
———— 'E Maastrichtian Maastrichtian
T - = - - = - - — = T LaMulata gk~
oo ala gfw s
LT Late Jurassic- [ ] Late Tithonian ,:v::: | Aptian(?)- Aptian-
rrrT Late 1 =Turonian <"1 Campanian(?) Campanian
L4 Cretaceous { carbonates ) [+7+7v ] volcanic and volcanic and
T carbonate shales and Cenomanian  [.7.7.". sedimentary sedimentary
T rocks and 1 cherts basalts boeTe T 7Y rocks rocks
LT T evaporites Cherts and Letut
o = shales AN & *Plutonics
Tk ° Boninites (HOL2)Fvr.7..
T Nueva Neocomian Camujiro i
D Maria Fm basalts ) m Guira de Fm bC°|°'|“b'a
(/77 Uramafics  [fiEizEgigJauco asalts
Pre Oxfordian /A and gabbros [ amphibolites

A N
N AN NN NP
“&%&%&\

Allochthonous ophiolites

Paleogene

vvvvv

Figure 4. Sample map for eastern Cuba, showing geology, cross sections, and generalized stratigraphic sections.

Geological Society of America Bulletin, November 1999



KERR ETAL.

100

100 3 - -
E \“ o — Caribbean IAT rocks

Low Ca Type 3 Boninites

B A
104 \

Figure 5. Primitive man-
tle-normalized multielement
plots showing the different 17 Z SAG1 O SAG2
groups of Mesozoic igneous ¢ HAV2 A HAV5 X Quni e QUI2
rocks found in Cuba. The = HAV3 X HOL2 A SAG3 - COL1 LPA1
gray shaded fields represent 0.1 T i
the composition of similar
Cretaceous rocks from else- D
where in the Caribbean (and 100 ¢ 100

d

Rock/primitive mantle

Ba Rb K NbLa Ce Sr Nd P Zr Ti Y Ba Rb K NbLa Ce Sr Nd P Zr Ti Y

. N Fo .
in the case of the boninites, i MGT1 Felicidades Belt basalts
- 0 MGT2

the western Pacific). IAT—
Island arc tholeiite. Data
sources: Low-Ca type 3
boninites—Cameron et al.
(1983); Hickey and Frey \

(1982); IAT (island arc glafibbeagocea”ic
tholeiites)—Donnelly and 1 - }ate}au(} ura}GaO? o
Rogers (1980); Beets et al. Ba Rb K Nb La Ce Sr Nd P zr Ti Y BaRb K NblLa Ce Sr Nd P zr Ti Y
(1984); Donnelly et al. ( );

Lebron and Perfit (1994);

CA (calc-alkaline)—Donnelly 100 E 1000
et al. (1990); Donnelly and A\ Mabujina amphibolite
Rogers (1980); Lebrén and
Perfit (1994); Caribbean
oceanic plateau—Kerr et al.

10

Rock/primitive mantle

¢ MAT1 = MAT2 4 MAT3
A MAT4 e MUL1T O COL2
+ CAJ1 O COL1

10 ¢
[

Rock/primitive mantle

F Jurassic
(1996b). - basalt
1+ 10
F X MAB1
® SAB1 &
CA rocks O
01 +——+—+++—+—+—+—+—+—+ 1+—tttttt+—+—+
Ba Ro K NbLa Ce Sr Nd P Zr Ti Y Ba Ro K Nb La Ce Sr Nd P Zr Ti Y

subduction-derived metamorphic rocks (ecloeanic-sedimentary section comprises a 30- npillow basalts, 1-2 km wide, are found tectonically
gites and blue schists) have been found within thkick succession of Aptian-Albian pillow basaltsemplaced within serpentinites. These pillow
ophiolite melange. The rocks have been inteinterbedded with sediments, overlain by a 30-mbasalts are intercalated with ribbon cherts, hyalo-
preted as Early Cretaceous age or older (lturraldéitick sequence of Cenomanian, tuffs, cherts, ardastites, tuffaceous rocks, and some andesites, and
Vinent et al., 1996; Millan, 1996a). This melangeshales with interbedded porphyritic basalts. On thtbe entire sequence is more than 500 m thick
bears many lithological and tectonic similaritiedasis of lithology and geochemistry, these rockQuivijan Formation: QUI1 and QUI2, Table 1).
to a typical subduction accretion assemblage (diave been correlated with the Encrucijada and The volcanic-sedimentary sections of oceanic
Barr et al., 1999) Quifiones Formations (Iturralde-Vinent, 1996b)tholeiites (represented by samples ENC1-2,

Samples were collected from both the mafic In central Cuba, a basalt sample (SAG1) waslGT1-2, SAG1-3, QUI1-2) have been paleon-
dikes and the volcanic-sedimentary rocks altollected from the Tithonian Sagua la Chicdologically dated as Tithonian-Campanian age
along the trend of the northern ophiolite melangEormation, which is composed of basalts intercdFigs. 2—4; Iturralde-Vinent, 1996b). However,
(Fig. 1; Table 1). In the Havana area, sampldated with sediments and tuffaceous rocks (Llangkese dates come from isolated fossiliferous sam-
HAV1-HAVS represent boulders of dolerites ancet al., 1998). Samples were also collected froples recovered from pebbles and/or boulders or
basalts embedded in deformed serpentinites ahtbcks of dolerites (SAG2 and SAG3) foundfrom thick stratigraphic units; thus they do not
gabbros. From this locality, near San Miguelwithin deformed serpentinites (Fig. 4; Table 1)represent the complete age span of the sections.
Fonseca et al. (1989) described boninites of uiNear the city of Holguin, samples were collecte®ne possible interpretation is that these singular
known age. In the region of Matanzas, sample€som a dolerite boulder (e.g., HOL2) within de-occurrences represent the original sedimentary
(MGT1 and MGT2) were collected in Mina Mar-formed layered gabbros. The dolerites from Holdeposits of the Caribbean crust, which have been
got from a large body (>1 km in diameter) of paleguin yield inconclusive K-Ar whole-rock ages ofdeformed and dismembered in the melange.
ontologically dated volcanic-sedimentary rockd26.3+ 8.3, 102+ 20, 98.2+ 5, and 57.& 5.4 Ma These rocks all have similar geochemical com-
(Margot Formation) tectonically embedded in deflturralde-Vinent et al., 1996). In the east of Cubgpositions (Fonseca et al., 1990; Iturralde-Vinent,
formed serpentinites (Fig. 4; Table 1). This volnear the city of Baracoa, several large bodies 4896b; Fig. 5, B, C, and D).
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IMPLICATIONS FROM A GEOCHEMICAL RECONNAISSANCE OF CUBAN MESOZOIC VOLCANIC ROCKS

Although the K-Ar whole-rock dates for the Campanian age (Iturralde-Vinent, 1996d). Plute.g., NMA1) proved to be too altered for geo-
small boninite bodies found near Holguin shouldonic rocks of arc affinities intrude both the am-¢hemical analysis.
be treated with caution, the ages suggest thahibolites and the Cretaceous volcanic-sedimen-
these rocks are 120-130 Ma or olghendé et al., tary sections (Fig. 2). Analytical Methods
1996). In spite of the fact that boninites have Another Early Cretaceous volcanic arc may
never been reported elsewhere in the Cubamiginally have existed, but it appears to have After powdering, major and trace elements
volcanic-sedimentary ophiolite, or within thebeen aborted and mostly eroded away. Theere analyzed by X-ray fluorescence (XRF) at
volcanic arc sections of the Greater Antillessparse evidence for this arc occurs in the forineicester University using conventional tech-
primitive island arc tholeiite rocks in Cuba andf plutonic, volcanic, and metamorphic rocksniques (see Kerr et al., 1996b, for further details).
other Greater Antilles locations (Donnelly et al.pf arc affinities, found as pebbles in mid-lateThe rare earth elements Th, Co, Sc, Ta, and Hf
1990) are usually pre-Albian age. We suggestlbian conglomerates in several localities ofvere analyzed by Instrumental Neutron Activa-
that the boninites associated with the northemvestern and central Cuba (lturralde-Vinenttion Analysis (INAA) at the University of Leices-
ophiolite melange in Cuba are pre-Albian agel996f). Because these arc-derived conglometer (see Fitton et al., 1998, for analytical details)

ates overlie the Lower Cretaceous rocks of th@ee Tables 3 and 4).
Cretaceous Volcanic Arc and Its Basement island arc tholeiite series within the Cretaceous
arc, it is tentatively suggested that the source d@fiteration

Rocks of island arc affinities have been widelghese conglomerates was located elsewhere,
recognized throughout Cuba (Fig. 1) (lturraldepossibly within the oceanic basin now repre- Many of the Cuban rocks are badly altered and
Vinent, 1996d, 1996e, 1996f). The Cretaceousented by the ophiolite melange. The small plunetamorphosed through the action of both high-
arc rocks are in tectonic contact with the northertonic bodies of arc affinities found within theand low-temperature fluids; as a result we con-
ophiolites, as well as with the Guaniguanicopphiolite melange possibly represent the erodezentrated our work on the least altered samples.
Pinos, and Escambray terranes (Figs. 2—4).  roots of this remnant arc (lturraldanént, With the exception of the Mabujina amphibolites

It has been proposed that high-temperature arh996f, 1997; Fig. 2). (e.g., MABL1), greenschist facies is the highest
phibolites, metamorphosed volcanic-sedimentary metamorphic grade observed in the studied sam-
sections, and plutonic rocks represent the basealeogene Arc ples. More common alteration products are chlo-
ment of the Cretaceous arc (Iturralde-Vinent, rite and serpentine (after olivine and occasional

1994, 1996d, 1996€). This metamorphic base- Paleocene to early Eocene island arc rocks azBnopyroxene) and sericitic alteration of plagio-
ment can be found in eastern Cuba (Fig. 3) andiound predominantly in eastern Cuba (Iturraldeclase. The effects of this alteration can be ob-
south-central Cuba, where they are known as thénent, 1994, 19964). The southern axial part aserved in primitive mantle-normalized multiele-
Mabujina amphibolites. These amphibolitiesthe arc consists of calc-alkaline extrusive and pynent plots that sometimes display a greater
from which one sample has been collectetbclastic rocks, intruded by granodiorite andcatter for the most mobile elements such as
(MABL, Table 1, Fig. 2) underlie the less metagranite plutons, whereas the northern (backar&),0, NaO, Ba, Rb, and Sr (Fig. 5). In contrast,
morphosed Cretaceous volcanic arc sectigoortion of the arc consists of pyroclastic and sedhe high field strength and the rare earth elements
(Somin and Millan, 1981; Millan, 1996b). In cen-imentary rocks. Thin tuff layers representing thigre generally more coherent, reflecting their rela-
tral Cuba the volcanic-sedimentary rocks of th®aleogene volcanism are found within sedimertive immobility in these Cuban volcanic rocks.
arc have been subdivided into three sections ¢ary successions throughout the rest of Cub&amples belonging to the same type typically
the basis of lithology and geochemistry (lturraldeThese rocks were not sampled during this studglisplay little variation in elemental abundances or

Vinent, 1994, 1996a, 1996d). The pre-Albian sec- ratios between the most and least petrographi-
tion is represented by the basalts and rhyolites BAMPLING STRATEGY AND cally altered samples (Fig. 5). Thus we conclude
the Los Pasos Formation in south-central Cub&®NALYTICAL METHODS that, although alteration has resulted in some mi-
(Villalvilla et al., 1998). A large body of dacites nor redistribution of the more mobile elements,

north of Manicaragua (LPA1, Figs. 1 and 2; Table There are several major problems in santhe concentrations and ratios of these elements
1) was sampled during this study. Basalts and rhpling the Cuban igneous rocks. First, exposurean still be used with confidence to assess the
olites of calc-alkaline composition overlie the Loss poor due to deep tropical weathering, angdetrogenetic history and original tectonic setting
Pasos Formation and are intercalated with sediruch of Cuba is covered by wild grass andf the rocks. As a precaution, most of the follow-
mentary rocks of Albian to Coniacian age. Samfarmland. Second, although an extensive seri@sy petrogenetic interpretations focus on the rela-
ples of basalts and andesites from these units wereboreholes have been drilled in a search fdively more immobile elements.

collected south of Santa Clara from the Albianeil and minerals, most of the core recovered

Cenomanian Matagua Formation (MAT1-4was not available for study. Third, the few ex<CLASSIFICATION AND CHEMISTRY

Figs. 1 and 2; Table 1), and near Camagey froposures that exist are not only small in size, but

the mid-late Albian Colombia basalts (COL1-2)he rocks are quite often very deeply weathered Three main igneous suites have been identified
and from the Cenomanian-Turonian andesiteand altered. In several localities no samplewithin the circum-Caribbean Jurassic and Creta-
basalt agglomerates of the Camujiro Formatiowere collected because of the extreme alteceous sequences; the island arc tholeiite (IAT) se-
(CAJ1, Figs. 1 and 4; Table 1). The younger volation of the rocks. ries (primitive island arc; Donnelly and Rogers,
canic arc section, of Santonian-Campanian age, isSamples were taken of volcanic rocks, includi1980; Donnelly et al., 1990), the calc-alkaline se-
represented by high alkaline-calc alkaline voling all major lithological units within Cuba (seeries (Donnelly et al, 1990; Lebréon and Perfit,
canic rocks. One sample from this section waalso Fig. 1; Table 1). Locations of these samplek993), and the oceanic plateau series (Donnelly
collected northeast of the city of Camaguey, frorare shown in Figure 1 and petrographic observat al., 1990; Kerr et al., 1996¢, 1997a, 1997b). Lo-
the La Mulata Formation (MUL1, Figs. 1 and 4iions with more detailed field locations are sumealized occurrences of Jurassic—Early Cretaceous
Table 1), represented by columnar basalts @harized in Tables 1 and 2. Some of these samplesd-ocean ridge-like basalts have been inter-
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TABLE 4. REPRESENTATIVE INAA* ANALYSES OF CRETACEOUS CUBAN VOLCANIC ROCKS

MGT1 MGT2 HOL2 HAV5 MAT2 LPA1 COL1 SAG1 QuI1 ENC2 JB-la JB-la
Measured Recommended

La 3.7 5.3 2.6 1.3 13.8 3.6 3.2 2.3 3.9 12.3 375 38
Ce 9.2 135 5.1 25 31.6 9.0 7.7 6.8 12.6 32.2 65.9 67
Nd 6.7 10.0 2.9 1.4 22.3 8.5 5.1 6.2 11.6 22.6 26.8 27
Sm 201 3.03 111 059 5.43 2.66 191 2.12 4.02 5.81 5.19 5
Eu 0.87 1.23 035 0.23 1.60 0.81 0.79 0.93 154 2.12 1.58 1.52
Th 0.51 0.77 N.D. N.D. 0.89 0.47 N.D. N.D. 1.07 1.27 0.65 0.7
Yb 1.77 2.37 1.11 1.11 2.46 2.60 1.88 2.00 4.15 3.78 2.15 2.1
Lu 0.26 0.35 0.17 0.17 0.36 0.42 0.27 0.28 0.61 0.58 0.24 0.31
Ta 0.30 0.44 0.02 0.04 0.14 0.06 0.08 0.07 0.23 1.17 1.65 2
Th 041  0.60 0.55 0.29 1.89 0.59 0.55 0.17 0.26 0.56 9.81 8.8
Hf 154 228 0.72  0.65 3.96 2.59 1.40 1.59 3.28 4.37 3.71 3.4
Sc 285 416 489 37.9 46.9 14.5 36.6 34.0 45.2 45.9 29.0 29
Co 371 746 38.0 423 35.2 N.D. 324 36.9 42.6 54.7 39.5 N.D.

Note: N.D.—no data.
*INAA—instrumental neutron activation analysis.

preted as proto-Caribbean oceanic crust remnasisrvations and geochemical interpretations areve formed during the Oxfordian rifting event
(Donnelly et al., 1990; Kerr et al., 1997b) andisted in Table 2. between the Yucatan (Maya block) and South
continental rift basalts (lturralde-Vinent, 1988, America. SAB1 has a negative Nb anomaly, light
1996¢). The Cretaceous IAT series is generalRift Basalts rare earth element (REE) depletion, and a slight
older than the calc-alkaline series (Donnelly and enrichment in the large ion lithophile elements
Rogers, 1980), but in Puerto Rico and Cuba Jurassic basalts, which have been interpret¢dILE) (Fig. 5E).
(Iturralde-Vinent, 1996a, 1996d; Schellekensas having been formed in a rift-related continen- The two basalt samples (ENC1-2, Table 2)
1998), the two types are also partially isochronougal margin on the basis of their stratigraphic posthat belong to the Aptian-Albian Encrucijada
The Cuban igneous rocks considered here ction (Iturralde-Vinent, 1988, 1996d), are repreformation (Felicidades belt) differ markedly in
be divided into several types on the basis of gesented by one sample from El Sabalo Formatidheir chemistry, ENC2 being much more en-
chemistry and tectonic setting. Petrographic ofSAB1, Table 2; Fig. 4). They are believed taiched in incompatible trace elements than

- 21 T
3 MW Boninite Group @ Mabujina amphibolites A t B
. . . [}
L|A IAT suite A Calc-alkaline suite L
O Rift basalts 18 +
. AT
2 |0 Oceanic Intraplate A r
o L
L ° .
1 % 1 % 1 % 1 % 1 % 1 %
MgO
T ACAJ1
D

CaO

Figure 6. Plots of selected major elements against MgO for the Cuban Mesozoic igneous rocks with compositional fields for diifesozoic
Caribbean island arc tholeiites (IAT) and calc- alkaline (CA) rocks. Data sources as in Figure 5.
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Figure 7. Plots of selected trace elements against MgO for the Cuban Mesozoic igneous rocks, with compositional fields for ditesozoic
Caribbean island arc tholeiites (IAT) and calc- alkaline (CA) rocks. Symbols as in Figure 6, data sources as Figure 5.

ENC1, and this despite being much more primisiched normalized pattern (Fig. 8), whereagFig. 8), and most closely resembles modern-day
tive (9.6 wt% MgO and 41 wt% Sipthan ENC1 has a depleted light REE pattern (Fig. SDpcean island basalts. Samples ENC1 and SABL,
ENCL1 (5.7 wt% MgO and 54 wt% Sj0Fig. 6).  similar to mid-ocean ridge basalt (MORB). Secdespite being of different ages and tectono-
Thus, these lavas were not derived from the samoad, ENC1 has a marked negative Nb anomabtratigraphic positions, appear to have been de-
parental magma. Further differences also higlfFig. 5), whereas ENC2 has a slight positive Nbived from a similar source region and were pos-
light this point: first, ENC2 has a light REE en-anomaly. Sample ENC2 has a steep REE pattesibly contaminated by the same crustal material.
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2 g o ¢ HOL2
5
S = HAV5
2 10%
2 A cout ;\ a—u Figure 8. Rare earth element
& ® SAGT [ " chondrite-normalized plots show-

Caribbean island arc Tholeiites " Quit L ing a representative set of Cuban

O LPA1 Mesozoic igneous rocks. Also

shown for comparison are shaded

1 ! 1
LaCe Pr Nd Sm EuGd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu S :
fields representing the range of

100 100 composition of similar Caribbean
ps c D (and Pacific) rocks and low-Ca
v A—A— ) .
i Caribbean CA rocks T, type 3 boninites from the Bonin
2 [ — » — .\Afn Islands and Cape Vogel. Data
g > 4 . 4  sourcesare as in Figure 5.
5 10 10 £ >
3 \
2 Caribbean oceanic ¢ MGTH
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A ENC2
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Figure 9. Plots of major ele-
ments and ratios against total al- 56
kalies (K,O + Na,0) showing the 54 -

Cuban boninites. Also shown are
" ) . 52
compositional fields for the vari- 0
ous types of boninites defined by 1.0
Crawford et al. (1989). It can be 05 1
seen that the Cuban boninites o
broadly fall within the field of Sosd
low-Ca type 3 (from the Bonin g 0l
Islands and Cape Vogel). S
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Taken together, these geochemical characteristitem the northern ophiolite melange (Table 2tent, than the other boninites, it has similar trace
suggest an asthenospheric source region for thdsgs. 3 and 4). Only two of the samples (HAVZlement patterns (Fig. 8B and 5A) to the HAV

basalts, possibly a mantle plume. and HOL1) fulfil the exact criteria for classifica- samples, and has a relatively high MgO content
tion as a boninite (>53 wt% Sj@nd > 0.6 Mg#; (10.0 wt%).
Oceanic Intraplate Lavas Crawford et al., 1989). The trends for these lavas Boninites have been divided into two main

in Figures 5, 6, and 7 strongly suggest that HAV®/pes; high (>10 wt%) and low CaO boninites

Two basalt samples from the Aptian-Albianand HAV3 have been derived by fractional crys(Crawford et al., 1989). Low-CaO boninites have
volcanic-sedimentary Margot Formation that octallization from a high-MgO boninite, similar in been subdivided into types 1, 2, and 3 (see Fig. 9).
cur within the northern ophiolite melange (MGTI1composition to HAV5. The Cuban boninite suite belongs to the type 3
and MGT2, Table 2) are moderately enriched in HAV5 possesses 11.7 wt% MgO and can blew-CaO boninite group, the characteristics of
the light REEs ([(La/Y] ~1.5; Figs. 5C and 8D) classed as a high-MgO basaltic andesite (Fig. Syhich are low total alkali content (<3 wt%) and
and thus they cannot be classed as depleted nibre most evolved flow of the group is an andesiteigh FeO(T) (>8 wt%) and CaO/&; (0.5-0.8)
mal MORB. In addition to this, these basalts daontaining 59 wt% SiQand 5.6 wt% MgO. Fig- (Fig. 9).
not possess significant negative Nb anomaliage 5A shows that HAV5 has negative anomalies The Cuban boninites are similar in composi-
and are not significantly enriched in the LILEsat Rb and Nb, with small negative anomalies at fon to other low Ca type 3 boninites (Fig. 9) and
(Fig. 5C), and so it would seem unlikely that theyand Ti which get progressively deeper as thalso have distinctive U-shaped chondrite-normal-
were generated in a subduction-related settingycks of the suite become more evolved. Alized REE patterns (Fig. 8B), which are nearly
i.e., they cannot be classed as belonging to thieough HOL1 has a lower (53 wt%) SiCon- identical to some of the other type 3 boninites.
IAT or calc-alkaline series. The relatively flat
primitive mantle normalized multielement pat-

terns displayed by these lavas bear close simila 1200 i

ties to Late Cretaceous basalts found in weste m  Boninites

Colombia (South America) and the souther! 1000 - A IAT

Caribbean (Figs. 5C and 8D), which have bee oL A A CA

shown to be a part of a mantle plume-derive 8001

oceanic plateau (Kerr etal., 1997a, 1997b, 1996k 2 600 - Caribbean IAT A

We therefore suggest that the basalts of the Marg E

Formation be classed as oceanic intraplate lav 400

and could either have formed a part of the 90 M Caribbean CA

Caribbean oceanic plateau (Kerr et al., 1997b) | 200 § Al ad N

could represent part of the proto-Caribbea 0 T : : ' '

oceanic crust. 0 02 04 0.6 0.8 1
LalY

Boninites

Figure 10. Plot of Ba/Nb against La/Y showing the arc-related Mesozoic Cuban igneous rocks
These lavas are represented by samples HOlalong with fields for other Mesozoic Caribbean rocks of the island arc tholeiites (IAT) and calc-
HAV2, HAV3, and HAV5, and were collected alkaline (CA) series. Data sources as in Figure 5.
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These U-shaped patterned, type 3 low-CaO IAT series rocks have been reported elsewheriehed in the LILEs and light REEs than the
boninites may result from mixing a light REE-in the Caribbean region, and have been datédT series (Figs. 5-8 and 10).
depleted magma with a light REE-enriched subAptian-Albian or older (Donnelly et al., 1990;
duction-related fluid (Cameron et al., 1983).  Lebrdn and Perfit, 1994; Schellekens, 1998). FigoISCUSSION

Boninites have not been reported elsewherges 5B and 6-8 reveal that the IAT samples from
from the Caribbean region, either among the Cré&uba largely are within the same compositional In this section we discuss the implications of
taceous arc rocks or the more recent subductiorange as the IAT rocks from the rest of th@ur Cuban study for plate tectonic models of the
related rocks, and the significance of this discovcaribbean province (Figs. 5-8 and 10). Figur€aribbean region. Three main topics are consid-

ery is discussed in the following. 5B shows that both the Cuban samples and those=d: the early opening of the Caribbean; the
from the rest of the Caribbean possess simil@arly volcanic arc systems, and later volcanic arc
Island Arc Tholeiite (IAT) Series trace element patterns. The moderate enrichmesytstems and the evolution of the Caribbean plate.

in the LILEs (Fig. 5B) is also reflected in the low

In the northern ophiolite melange these lavalsa/Y ratios (<0.3) of the IAT series (relative toEarly Opening of the Caribbean
are represented by small blocks and completke calc-alkaline series; Fig. 10).
sections of basalts (e.g., SAG1-3, QUI1) with The El Sabalo Formation basalts (SAB1) dif-
occasional andesites (e.g., QUI2) (Fig. 6). Thegalc-Alkaline Series fer from the other Cuban basalts in terms of
have lower MgO and higher abundances of in- both their thickness (~400 m) and their age (Ox-
compatible trace elements at a given SiGhtent This suite of rocks was collected within the latéordian—early Kimmeridgian). The geochemical
than the boninites (Figs. 6 and 7). Albian through Campanian volcanic arc sectiocharacteristics of El Sadbalo basalts are consis-

In contrast to the boninites, these lavas hava central Cuba (Figs. 2 and 3; Table 2) and atent with formation at a continental rift margin,
relatively flat patterns amongst the more compagenerally more evolved than the IAT series. Thegnd may analogous to the ca. 60 Ma volcanism
ible elements (Nd to Y; Fig. 5B), a feature that isange in composition from low MgO basalts (e.gassociated with the break up of the North At-
also borne out by the relatively flat REE pattern€AJ1) through andesites (Fig. 6) to (lturraldetantic (cf. Fitton et al., 1998). Most plate tec-
(Fig. 8A). With one exception (SAG1), the lavasvinent, 1996a, 1996d). As well as being slightlytonic reconstructions suggest that these conti-
are moderately enriched in the LILES, resulting imore evolved, the calc-alkaline rocks are moraental rift margins were formed during the
negative Nb anomalies. SAGL1 is not enriched ianriched in Ba, K, Rb, Sr, Th, Pb, and the lighteparation of the Yucatan (Maya block) from
the LILEs, has no negative Nb anomaly, and hasREEs than the IAT series (Figs. 5F, 8C, and 10porthern South America in Jurassic time (Fig. 11)
similar composition to hormal MORB (Fig. 5B). CAJ1 is the most magnesian calc-alkaline seri€s.g., Duncan and Hargraves, 1984; Burke,
As discussed here, this sample may well havava and is more enriched in LILEs (Sr, Pb, Th1988; Ross and Scotese, 1988).
formed in a backarc basin. These basaltic lavasd P) than the rest of the calc-alkaline lavas The Albian-Aptian (97-125 Ma) oceanic in-
have close chemical similarities (relatively low(Figs. 5F, 6, and 7). It bears some similarities ttraplate lavas (MGT1-2) and the Encrucijada
levels of KO, Ba, and Rb) to other Cretaceous arbigh-potassium lavas found within the Cretaceousasalts (ENC1-2) also appear to be essentially
basalts around the margins of the Caribbeasalc-alkaline series in the rest of the Caribbeannrelated to subduction, and they could have
(Figs. 5 and 7). The backarc affinity is supportegarticularly those in Hispanola (Lebrén and Perfiformed in two possible locations: either in the
by the MORB-like chondrite-normalized REE1994) and Puerto Rico (Jolly, 1971; Donnelly andPacific (on the Farallon or Phoenix plate) or the
patterns of the basaltic samples within the Cubdrogers, 1980; Schellekens, 1998). proto-Caribbean plate. The Encrucijada Forma-
IAT series (SAG1-3, QUI1-2; Fig. 8A), and by Calc-alkaline magmas have been erupted tion basalts may represent fragments of the
the backarc chemistry of other Cretaceous basalle Caribbean region since Cretaceous time uproto-Caribbean oceanic basin (lturralde-Vinent,
described from Cuban ophiolites (Fonseca et atil the present day and, although the calc-alkalin€994, 1996b, 1997). The chemistry of the lavas
1990; Iturralde-Vinent, 1996b). series is generally younger than the IAT serie$ENC1-2) supports this model, in that ENC2

Another example of a possible IAT series rockhey overlap in age (Donnelly et al., 1990has a distinctly ocean island basalt-like chem-
is sample MABL1 (collected from the Mabujinalturralde-Vinent, 1996d; Schellekens, 1998)istry, and may have been formed in an intraplate
amphibolites, Fig. 2; Table 1), which is most simThe Cretaceous calc-alkaline series (preservaetting. Although ENC1 has a MORB-like
ilar in terms of its trace element composition t@s both plutons and volcanic rocks) are foundhondrite normalized REE pattern and a nega-
the more depleted members of the calc-alkalind@droughout Central America, the Greater Antive Nb anomaly, it is possible that it is also a
series (especially COL1; Fig. 5). Howevertilles, and northern South America (Donnelly eplume-related magma that was erupted through,
MAB1 has some similarities to the IAT seriesal., 1990; Schellekens, 1998). In several Caritand contaminated by, continental crust on the
(Figs. 6 and 7). Somin and Millan (1981), Millanbean localities, as in the Camagtiey province dfucatan—South America continental margin (cf.
(1996b), and Iturralde-Vinent (1989, 1994, 1996auba, these calc-alkaline rocks are highlyhe ca. 60 Ma plume-related volcanism associ-
considered these amphibolites to represent the ppwtassic (shoshonitic) (Jolly, 1971; Donnellyated with the opening of the North Atlantic;
Aptian oceanic basement of the arc. et al., 1971, 1990; Lebrén and Perfit, 1994Saunders et al., 1997; Fitton et al., 1998).

Two samples, LPA1 and COL1, belonging tdturralde-Vinent, 1996d; Schellekens, 1998). More outcrops of Mesozoic oceanic basalts
the Cretaceous island arc have lower levels of ilsome of these calc-alkaline rocks from the cirhave been reported from the Dominican Republic
compatible trace elements than the rest of the Cream-Caribbean region are plotted in Figure§195-165 Ma Early Jurassic Duarte complex),
taceous island arc samples that belong to the calie-8 and most of the Cuban calc-alkaline serigeom Puerto Rico (Pliensbachian-Aptian Bermeja
alkaline suite (Figs. 5F and 7). As Figures 5B andre within the compositional range of the othe€omplex), La Desirade (Late Jurassic), and
8C show, in many respects they are similar in conGaribbean calc-alkaline rocks (Figs. 5F, 6—-8porthern Venezuela (Middle Jurassic Bathonian-
position to the IAT series. Note that these two sanand 10). All of the calc-alkaline CaribbeanBajocian Siquisique basalts (Bartok et al., 1993;
ples have Th and Pb contents that are significantigcks have a greater negative Ti anomaly thavWontgomery et al., 1994; Schellekens, 1998). The
lower than in the calc-alkaline sample (Table 4xhe IAT series (Fig. 5F), and are all more eneccurrence of Early Jurassic—Early Cretaceous
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Figure 11. Plate reconstruction models for the Caribbean region from Late Jurassic to Early Cretaceous time, based on Pinded &ewey
(1982), Duncan and Hargraves (1984), Burke (1988), and Ross and Scotese (1988). Abbreviations: Y—Yucatan block (peninsula); C—iShort
block; G—Gulf of Mexico; BP—Bahamas platform; BAB—backarc basin; PB Arc—primitive boninite arc; CA—Central America; K Arc—Cre-
taceous arc.
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Whether these lavas actually formed in the Pa-
cific, or are also part of the proto-Caribbean
ocean floor, is not clear. The absence of any sign
of sialic crustal contamination (e.g., a negative
Nb anomaly) tends to support a Pacific origin for
these basalts (i.e., eruption away from a conti-
nental margin) (Figs. 11 and 12). However, the
Margot Formation basalts are tectonically inter-
mixed with island arc and backarc basalts of the
northern ophiolites, and so the association of a
Pacific-derived oceanic plateau with these other
Caribbean-derived tectonic units argues against a
Pacific origin in this case.

Even though the provenance of these Margot
Formation basalts remains in doubt, it seems
clear that they are similar in chemistry to, and
may therefore be part of, an oceanic plateau,
which probably formed an area of thicker and
more buoyant crust. These basalts formed either
on the Farallon-Phoenix or proto-Caribbean
plate and were accreted against the Antillean arc
system, possibly in Albian-Cenomanian time
(112-91 Ma) (cf. Kerr et al., 1997a, 1997b;
Lapierre et al., 1997).

Early Arc Systems

According to most interpretations of Caribbean
tectonics, an arc system developed around the
Jurassic-Cretaceous boundary, possibly along an
older oceanic ridge located between the Pacific
and proto-Caribbean plate (Burke, 1988; Pindell
and Barrett, 1990). This arc gradually moved into
the opening gap between North and South Amer-
ica. However, the problem is complicated by our
geochemical results, which suggest the occur-
rence of two parallel isochronous arc systems in
the mesoamerican region in the early stages of arc
formation.

Primitive Boninite Arc. One volcanic arc edi-
fice is probably represented by the latest Juras-
sic—Early Cretaceous boninites from the northern
ophiolite melange of Cuba. According to
Crawford et al. (1989), type 3 boninites are de-
rived from somewhat less-refractory harzburgites
than type 1 boninites, and melting probably oc-
curred in the upper mantle at depths of less than
30 km and at temperatures greater than 1200 °C.
The heat required for boninite genesis could be

Figure 12. Latest Jurassic to middle Eocene plate tectonic evolutionary cross sections of thgrovided by subduction of an active spreading
Caribbean area. Cross section locations are shown in Figure 11. PB Arc—primitive boninite arc; center subparallel to the trench, i.e., the subduc-

|AT—island arc tholeiite.

tion of young hot oceanic lithosphere (Crawford
et al., 1989). Alternatively, the initiation of a new
subduction zone at a transform fault, in the man-

basic flows, sills, and dikes within the passivéavas (MGT1-2) may represent the remnants afer suggested by Stern and Bloomer (1992), may
margin sections of the Guaniguanico, Pinos, areh oceanic plateau. This suggestion is given furesult in boninite genesis. Duncan and Hargraves
Escambray terranes (Iturralde-Vinent, 1988her support by the fact that Albian-Aptian time(1984) and Burke (1988) suggested that the initi-
1996¢) suggests that the Caribbean seaway begeas one of major plateau-forming events in thation of Antillean arc system in the western Pa-

to open in Early Jurassic time.

Pacific (Mahoney et al., 1993) and thus theseific (before its eastward migration) occurred at a

We have suggested that the oceanic intrapla@uban lavas may represent a part of this eveffitacture zone (or transform fault) associated with
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the Farallon-Phoenix spreading center. The aMinent, 1998). Eastward movement was probablihus in Late Cretaceous time a new arc (the Cen-
sence of arc rocks younger than Albian within thdue to subduction polarity reversal from east toral American arc) formed by the subduction of
northern ophiolites of Cuba, and the abundance afestward dipping (Ross and Scotese, 1988; Pithe Farallon plate below the thicker and more
arc-derived clastic material in Albian conglomerdell, 1994). Lebrén and Perfit (1993, 1994) probuoyant Caribbean oceanic plateau (Fig. 11).
ates, suggest that this arc became extinct earlyposed that this subduction flip was pre-Aptian A basic difference between our plate tectonic
Cretaceous time (Fig. 12). High-pressure metage and led to a change in the geochemical sigrodel and other models (e.g., Burke et al., 1984;
morphic inclusions in the northern ophiolitenature of the arc from IAT to calc-alkaline. Ross and Scotese, 1988; Pindell, 1994) concerns
melange (Millan, 1996a) may represent the ex- Lebrén and Perfit (1993, 1994) speculated thahe position and polarity of the subduction zone,
humed subduction zone of the primitive boninitehis subduction flip was caused by the arrival anathich in our model is located south of the Creta-
arc. Because the remnants of the arc are naitempted subduction of the pre-Albian Caribbeaceous arc and dips northward (Iturralde-Vinent,
northeast of the Cretaceous arc (Fig. 2), one catateau. However, recent high-precisiéar/3°Ar 1994, 1996a, 1997b). This subduction zone has
suggest that both volcanic edifices originally linedlating has shown that the vast bulk of the oceartieen traced in southern Cuba (Iturralde-Vinent,
up trending roughly north-south, parallel to theplateau crust in and around the Caribbean is 91-8894, 1996a; Rosencrantz, 1996) and crops out as
western edge of the American plates. We suggedt (Kerr et al., 1996a, 1997a; Sinton et al., 1998jhe Bermeja complex in southwest Puerto Rico
that the subduction zone of the primitive boniniténd is not pre-Aptian in age. Thus, the model Schellekens, 1998). Early Jurassic to Aptian ra-
arc dipped southward because Tithonian throudtebrén and Perfit (1993, 1994) would seem to beiolarian cherts found in association with normal
Campanian backarc volcanic-sedimentary secntenable because, although subduction flip apAORB basalts, amphibolites, and ultramafic
tions occur in association with the northern ophipears to have been hastened by attempted subducks in the Bermeja complex (Schellekens,
olites, and this backarc basin may be geneticaltjon of the thicker and more buoyant Caribbeath998) are correlatable with Cretaceous arc evolu-
related to the evolution of the Cretaceous arc l@ceanic plateau, this actually commenced in Latéon. This subduction zone was only active until
cated to the south (Figs. 11 and 12). Cretaceous time (Figs. 11 and 12; Burke, 198&ampanian-Maastrichtian time, when volcanism

Cretaceous Arc (IAT Suite).The Cretaceous Kerr et al., 1997b; White et al., 1999). ended in the Cretaceous arc along the Greater An-
arc volcanic suite is represented by the pre-mid There is also significant evidence from Cubdilles and the Cordillera del Caribe of Venezuela
Albian IAT rock suite of Cuba (including the and elsewhere to suggest that the change frdifturralde-Vinent, 1996a, 1997a, 1997b).
Mabujina MAB1, Los Pasos LPA1, and Colom-IAT to calc-alkaline—type volcanism was not The insertion of the Caribbean plate in the gap
bia COL1 samples), the Devil's Racecoursabrupt (sensu Lebron and Perfit, 1994). On the bhetween North and South American plates was
Formation of Jamaica, the Los Ranchos Formais of exposures in the Dominican Republic andue to the differential rate of plate movements
tion, Maimon schists and the Guamira basalts éfuerto Rico, Donnelly et al. (1971, 1990) proand associated shortening (superposition, defor-
the Dominican Republic, the Pre-Robles volposed that the change was more gradual. In addiation, and amalgamation) within the in situ
canics of Puerto Rico, and the Water Islantion, several lavas (COL1 and LPA1) within theCaribbean crust (Figs. 11 and 12). Most of this
Formation of the Virgin Islands. later Cuban Cretaceous arc belong to the IAT sehortening took place during Cenozoic time

The IAT suite of the Cretaceous arc began tdes. This evidence is at variance with the modé€Bralower and Iturralde-Vinent, 1997), probably
form around the time of the Jurassic-Cretaceows Lebron and Perfit (1994) and implies that thes a reaction to the cessation of subduction activ-
boundary and was active until Albian time. Aftersource region of the IAT magmas was still availity in the Cretaceous arc, and the formation of the
this activity, two more suites evolved, the calcable during the later episode of arc volcanisnCentral American arc in Campanian time, thus
alkaline and high alkaline—calc-alkaline. These The change in source required by the Pb isafeating a new Pacific-Caribbean plate boundary.
later suites lasted until Albian-Coniacian timeope systematics of the IAT series compared to thie this context, the Caribbean oceanic plateau
(calc-alkaline suite) and Santonian-Campaniamore LILE-enriched calc-alkaline series, stronglyasalt province was isolated from the Pacific by
time (high alkaline—calc-alkaline suite). Mag-suggests that the calc-alkaline series (which the Central American arc, and was emplaced into
matic rocks of calc-alkaline and high alkaline arclearly transitional to the IAT series) possesséts present position during Cenozoic time.
affinities have been described in Cuba, and frommore of an input from radiogenic continental-
other places in the Caribbean area (see Donnetigrived sediments (Donnelly et al., 1971; Lebro@ ONCLUSIONS
et al., 1990, for a review). and Perfit, 1994). The inference is that as the arc

Recent models for the location and polarity omoved into the proto-Caribbean realm from the 1. We suggest that some of the basalts found
the subduction zone of the Cretaceous arc (IARacific, the closer proximity to both North andamong the accreted Cuban terranes were formed
calc-alkaline, and high alkaline—calc-alkalineSouth America resulted in the subduction of during the rifting between North and South
suites) suggest that it was located south of tlgreater proportion of continental-derived sediAmerica and as such represent part of the proto-
Cretaceous arc and that the slab dipped northwartents (with more radiogenic Pb isotopes). It i€aribbean oceanic crust. The oceanic tholeiites
(e.g., lturralde-Vinent, 1994, 1997b; Rosencrantzikely that this contributed to the formation of theare similar in composition to Cretaceous plume-
1996; Schellekens, 1998). This view is corrobogenerally younger (Aptian-Campanian, 124-derived oceanic plateau basalts from the Pacific.
rated by the location of the backarc basin north G4 Ma) calc-alkaline series in the Caribbean réFhese Cuban basalts may also mantle plume de-

the Cretaceous arc (Figs. 11 and 12). gion. We propose that the formation of IAT seriesived, and originated either in the Pacific or pos-
magmas (along with calc-alkaline magmas) be irsibly in the proto-Caribbean.

Evolution of the Caribbean Plate terpreted as representing periods when less terres2. New evidence for the occurrence of Creta-

and Later Arc Systems trial sediment was subducted, either becausedeous backarc rocks within the northern ophiolite

was not present on the subducting slab, or becauselange of Cuba is in agreement with a north-
Throughout Cretaceous time the Antillean ar@ was scraped off during subduction. This eastward-dipping subduction zone for the Early Cre-
system gradually moved into the widening oceaward movement of the Antillean arc appears ttaceous Antillian arc.
basin between North and South America (Fig. 11iave been hastened by the geometry of the gap3. The discovery of type 3 boninites within
Burke, 1988; Ross and Scotese, 1988; Iturraldbetween the North and South American platesteformed ophiolites in northern Cuba support
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