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Primitive Cretaceous island-arc volcanic rocks in eastern Cuba:
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| ABSTRACT |

The Téneme Formation is located in the Mayari-Cristal ophiolitic massif and represents one of the three Creta-
ceous volcanic Formations established in northeastern Cuba. Téneme volcanics are cut by small bodies of §9.70
+ 0.50 Ma quarz-diorite rocks (Rio Grande intrusive), and are overthrusted by serpentinized ultramafics.
Téneme volcanic rocks are mainly basalts, basaltic andesites, andesites, and minor dacites, and their geochemi-
cal signature varies between low-Ti island arc tholeiites (IAT) with boninitic affinity (TiO; < 0.4 %; high field
strength elements << N-type MORB) and typical oceanic arc tholeiites (TiO, = 0.5-0.8 %). Basaltic rocks
exhibit low light REE/YD ratios (La/Yb < 5), typical of intraoceanic arcs and are comparable to Maimén For-
mation in Dominican Republic (IAT, pre Albian) and Puerto Rican lavas of volcanic phase I (island arc tholei-
ites, Aptian to Early Albian). The mantle wedge signature of the Téneme Formation indicates a highly depleted
MORB-type mantle source, without any contribution of E-MORB or OIB components. Our results suggest that
Téneme volcanism represents a primitive oceanic island arc environment. If the Late Cretaceous age (Turonian
or early Coniacian) proposed for Téneme Formation is correct, our results indicate that the Cretaceous volcanic
rocks of eastern Cuba and the Dominican Republic are not segments of a single arc system, and that in Late
Cretaceous (Albian-Campanian) Caribbean island arc development is not represented only by calc-alkaline
(CA) volcanic rocks as has been suggested in previous works.

KEYWORDS | Geochemistry. Volcanic rocks. Primitive-island arc. Téneme Formation. Cuba.

© UB-ICTJA |103]



J.A. PROENZA et al.

INTRODUCTION

Donnelly and Rogers (1980) and Donnelly et al.
(1990) distinguished three igneous series in the develop-
ment of the circum-Caribbean Island Arc. The first stage
of arc development is characterized by mid-ocean ridge
basalts (MORB). The second stage is represented by the
so-called “primitive island-arc” (PIA) (pre-Albian), simi-
lar in composition and tectonic setting to island-arc
tholeiites (IAT); this volcanic activity appears to be con-
temporaneous with the MORB series. The third stage of
Caribbean island arc development is represented by Late
Cretaceous (Albian-Campanian) to Early Oligocene calc-
alkaline (CA) volcanic rocks. In addition, Kerr et al.
(1999) suggested that the oldest arc volcanism in the
northern Caribbean region is a short-live boninitic arc,
which predates the PIA series.

The PIA volcanic rocks consist of basalts, basaltic
andesites and less common dacites and/or rhyolites. All
these rocks are strongly altered by seawater. This process
modified the mafic rocks to spilite, and the felsic rocks to
keratophyre and quartz keratophyre. PIA volcanics in
Greater Antilles include the following units from east to
west (Fig. 1): Water Islands Formation in the Virgin
Islands; pre-Robles Formation of eastern Puerto Rico;
Los Ranchos and Tortue-Amina-Maimén Formations in
Hispaniola; clasts of PIA rocks in pre-Camujiro sedimen-
tary rocks near the province of Camagiiey, and Los Pasos
Formation in Central Cuba (Donnelly and Rogers, 1980;
Donnelly et al., 1990; Lebron and Perfit, 1993, 1994; Itur-
ralde-Vinent, 1994, 1996b, 1996¢; Lewis et al., 1995,
2000, 2002; Diaz de Villalvilla, 1997; Diaz de Villalvilla
et al., 1994; Simon et al., 1999; Lidiak and Jolly, 2002;
Blein et al., 2003).

Primitive Cretaceous island arc vulcanites in E Cuba

In addition, Lebron and Perfit (1994) suggested that
the Téneme Fm in eastern Cuba could also belong to the
PIA volcanism (Pre-Albian), because of the presence of
tholeiite rocks as reported by Torrez and Fonseca (1990).
However, up to the present work, no detailed petrochemi-
cal studies have been carried out to characterize the
Téneme volcanic arc magma source, and its inclusion in
the PIA series is uncertain.

In this paper, we provide new data on petrographic
characteristics, mineral chemistry, and whole rock con-
tents in major and trace elements (high field strength ele-
ments: HFSE and rare earth elements: REE) of the
Téneme volcanic rocks of eastern Cuba. According to our
data, we suggest that Téneme volcanism represents a
primitive oceanic island arc environment, and that Creta-
ceous volcanic rocks of eastern Cuba and the Dominican
Republic are not segments of a single arc system.

CRETACEOUS ARC-RELATED VOLCANIC ROCKS IN
NORTHEASTERN CUBA

The geology of the northern part of eastern Cuba is
characterized by the presence of the “Mayari-Baracoa
ophiolitic belt” (MBOB; Iturralde-Vinent, 1996a; Pro-
enza et al., 1999a; Cobiella-Reguera, 2005), which
includes two allochthonous massifs: the Mayari-Cristal
massif to the west and the Moa-Baracoa massif to the
east (Fig. 2). The MBOB is a strongly faulted pseudotab-
ular body that is ca. 170 km long, 10 to 30 km wide, and
on average 3.5 km thick, and mainly comprised of
harzburgite tectonites (Proenza et al., 1999a, b; Marchesi
et al., 2003, in press). These ophiolitic rocks are in sys-
tematic tectonic contact with Cretaceous volcanic rocks.

Clast in Pre-Camujiro Sedimentary rocks
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FIGURE 1 | Distribution of the primitive island arc (PIA) series (gray shade) in Greater Antilles, based on the compilation of Simons et al. (1999).
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In northeastern Cuba three units of Cretaceous vol-
canic and sedimentary rocks have been distinguished,
namely the Quibijan, Santo Domingo, and Téneme For-
mations (Knipper and Cabrera, 1974; Quintas, 1988,
1989; Quintas et al., 1994; Torres and Fonseca, 1990;
Gyarmati and Leyé O’Conor, 1990; Gyarmati et al., 1997;
Iturralde-Vinent, 1976, 1996a, 1996b; Kerr et., 1999; Itur-
ralde-Vinent et al., this volume) (Fig. 2). Quibijan Fm
crops out in the Moa-Baracoa massif, and has its type sec-
tion along the Quibijan river basin (Quintas, 1988, 1989).
According to Quintas (1988), the volcanic sequence is
more than 500 m thick, and mainly consists of porphyritic
and amygdaloidal basalts and tuffaceous rocks. In addition,
several outcrops of Cretaceous volcanic rocks, which occur
in tectonic contact with the serpentinized peridotites of the
Moa-Baracoa massif, along the Moa-Baracoa road, have
been reported as part of the Quibijan Fm (e.g. Morel and
Duaba areas; Fig. 3A). At Morel these volcanic rocks con-
sist of a sequence of pillowed basalts interbedded with
cherts and hyaloclastites. Two samples analyzed by Kerr et
al. (1999) exhibit island arc tholeiite affinity and were
interpreted as formed in a back-arc basin.

At the type section south of the town of Calabazas, the
Santo Domingo Fm is represented by tuffs and tuffaceous

Primitive Cretaceous island arc vulcanites in E Cuba

rocks intercalated with scarce limestone beds. Sills of
porphyritic andesites also occur. The volcanic sequence is
more than 2000 m thick (Iturralde-Vinent, 1976, 1996b).
Iturralde-Vinent et al. (this volume), suggest that the San-
to Domingo Fm is Turonian(?)-Campanian in age. No
detailed geochemical studies have been performed to
characterize the Santo Domingo volcanics, although
Gyarmati et al. (1997) suggested a tholeiite and calc-alka-
line affinity based on major element geochemistry.

Geochemical data from relatively immobile trace ele-
ments, including HFSE and REE, in the Quibijdn (as
defined by Quintas, 1988) and Santo Domingo Fms are
not available. Thus, the geochemical affinity, magma
source and tectonic setting of Quibijan and Santo Domin-
go volcanism are uncertain.

The Téneme Formation

Téneme Formation is located in the Mayari-Cristal
massif, west of the Sagua de Tanamo region (Fig. 2).
According to the 1:500,000 Geological Map of Cuba
(Linares et al., 1985), these volcanic rocks were included
within the Santo Domingo Fm. Later, Téneme volcanics
were formalized as an independent lithostratigraphic unit
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FIGURE 2 | Geological map of the easternmost part of Cuba, showing the main outcrops of Cretaceous arc-related volcanic rocks.
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(Téneme Formation, see Geological Map 1:250,000 of the
Republic of Cuba; Pushcharovsky et al., 1988). Accord-
ing to Iturralde-Vinent et al. (this volume), the age of
Téneme Fm is Late Cretaceous. The fossil assemblage
includes radiolaria and planktonic foraminifera that can
be dated as Turonian to early Coniacian (Marginotrun-
cana, Whiteinella spp.).

In the study region (Fig. 2), the Téneme Fm is
exposed within an area of approximately 40 km? (Fig.
4), and is overthrusted by the ultramafic rocks of the
Mayari-Cristal ophiolitic massif (Fig. 3B). North of the
study area, Téneme volcanics are unconformably over-
layed by Paleogene volcanic sedimentary rocks of the
Sabaneta Formation (Fig. 4), whereas toward the east
they are in tectonic contact with Late Cretaceous-Pale-
ocene sedimentary rocks (Micara and Picota Fms; Itur-
ralde-Vinent, 1976; Quintas, 1989; Iturralde-Vinent et
al., this volume).

The Téneme volcanic sequence has been studied in
detail along the Rio Grande (Adamovich et al., 1963;
Knipper and Cabrera, 1974). These authors subdivided
the volcanic sequence into three sections. The lower
section is represented mainly by basaltic andesites, and
reaches up to 500 m in thickness. The intermediate sec-
tion is made up of basalts, basaltic andesites and
spilites, and it is up to 1200 m thick. The upper section
consists of a 300 m thick sequence of lavas, interbed-
ded tuffs, and tuffaceous sandstones. Adamovich et al.
(1963) and Knipper and Cabrera (1974) stated that
Téneme Formation reaches up to 2000 m in thickness,
but our field observations indicate this datum is overes-
timated. We consider that the thickness of the volcanic
sequence is less than 1000 m.

Three small bodies of intrusive rocks are exposed
toward the southeastern boundary of the study area. These
plutonic rocks (Rio Grande intrusive, Fig. 4) are medium
to fine-grained, quartz diorites that exhibit a strong folia-
tion defined by amphibole orientation.

SAMPLING AND ANALYTICAL PROCEDURES

Téneme volcanic rocks were sampled in their type
section. A total of 24 samples were collected: 20 vol-
canics and 4 plutonic rocks from the intrusive outcrop in
the southeast part of the study area (Fig. 4). In addition,
two samples (M-1 and D-1) of the Quibijan Fm, from
along the Moa-Baracoa road, were also analyzed for com-
parison. The sample M-1 was taken from the locality of
Morel, the same area of samples QUI1 and QUI2 of Kerr
et al. (1999), and sample D-1 was collected in the locality
of Duaba, very near of Baracoa city.
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Chemical analyses of the mineral phases were carried
out with a CAMECA SX 50 electron microprobe at the Uni-
versity of Barcelona as described by Proenza et al. (1999a).

Major elements and selected trace elements (Y, Zr, V,
Cr, Co, Ni, Cu and Zn) contents were determinated by
XREF at the Universidad Nacional Auténoma de México
(UNAM). Li, Cs, Be, Sc, Zn, Ga, Nb, Ta, Mo, Sn, Tl, Pb, U,
Th and REE were measured by ICP-MS at the Centro de
Instrumentacion Cientifica, at the University of Granada.

Hornblende mineral separates from quartz diorite samples
Tm-35 (36.5 mg) and Tm-37 (110.0 mg) were produced and
later irradiated for 8 hours in package KD33 at the TRIGA
reactor at the U.S. Geological Survey in Denver. The monitor
mineral used was Fish Canyon Tuff sanidine (FCT-3) with an
age of 27.79 Ma (Kunk et al., 1985; Cebula et al., 1986). Both
hornblende separates were analyzed at the U.S. Geological
Survey Argon Thermochronology lab in Denver on a VG Iso-
topes Ltd., Model 1200 B Mass Spectrometer fitted with an
electron multiplier using the “°Ar/*Ar step-heating method of
dating. For additional information on both, analytical proce-
dures and data reduction, see Kunk et al. (2001). We used the

FIGURE 3 | Outcrop pictures of the Quibijan (A) and Téneme (B) Fms
at the Moa-Baracoa and the Mayori-Cristal massives, respectively.
These volcanic rocks are overthrusted by ultramafic rocks (mainly
serpentinite and serpentinized harzburgite) of the Mayari-Baracoa
ophiolitic belt. See Fig. 1 for location.
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decay constants recommended by Steiger and Jager (1977).
Plateau ages, not present, are identified when three or more
contiguous steps in the age spectrum agree in age, within the
limits of analytical precision, and contain more than 50% of
the 3Ar released from the sample. Average ages are calculat-
ed in the same manner as plateau ages except that contiguous
steps do not agree in age.

Primitive Cretaceous island arc vulcanites in E Cuba

PETROGRAPHIC DESCRIPTION AND MINERAL
CHEMISTRY OF THE TENEME VOLCANICS

Volcanic rocks of the Téneme Fm are mainly composed
of basalts, basaltic andesites, andesites, and minor dacites. In
general, Téneme volcanics underwent extensive hydrother-
mal processes that led to formation of abundant quartz veins.
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FIGURE 4 | Geological map of the area of Téneme volcanics. Geology based on the compilation map of Gyarmati and Leyé 0’Conor (1990). Sample

locations are indicated.
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In thin section the volcanic rocks mainly show a por-
phyritic texture, but glomeroporphyritic and aphyric textures
are also observed. The samples contain relict phenocrysts or
microphenocrysts of clinopyroxene, plagioclase, Cr-spinel,
and altered (serpentinized and/or chloritized) olivine and
orthopyroxene. Primary amphibole is absent in all studied
samples. The groundmass comprises plagioclase and
clinopyroxene microlites, and devitrified glass. Accessory
minerals include apatite and subhedral magnetite. Alter-
ation products are chlorite, albite, epidote, clinozoisite,
calcite and quartz. All samples exhibit zeolite and prehnite-
pumpellyite facies metamorphism or lower greenschist
grade that overprinted the primary groundmas.
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Clinopyroxene

Representative analyses of clinopyroxenes from
Téneme volcanic rocks are displayed in Table 1. Clinopy-
roxene analyses are plotted in the enstatite-diopside-
hedenbergite-ferrosilite quadrilateral, following the clas-
sification of Morimoto et al. (1989). They lie in the augite
field and predominantly in the Mg-rich portion (Fig. SA).
Clinopyroxene phenocrysts from basaltic rocks have low
Ti contents (Table 1), and plot in the island arc tholeiite
(Fig. 5B) field of Leterrier et al. (1982). In addition, the
composition of Téneme clinopyroxene crystals is similar
to that observed in suprasubduction zone (SSZ) ophiolites

/

$i0,/100—~———T—T—TNa,0
10 20 30 40 50

FIGURE 5 | A) Compositions of clinopyroxene phenocrysts of basaltic rocks from the Téneme Fm, expressed in terms of wollastonite-enstatite-fer-
rosilite abundances. Pyroxene nomenclature is from Morimoto et al. (1989). B) Variation of Ti versus total Al in clinopyroxene phenocrysts from
basaltic rocks of the Téneme Fm. Notice as all samples plot into the island arc tholeiite field of Leterrier et al. (1982). C) Ti02-Na20-Si02/100 dis-
crimination diagram (Beccaluva et al., 1989) for clinopyroxene from basaltic rocks of the Téneme Fm. NM: normal MORB; EM: enriched MORB; ICB:
Iceland basalts; IAT: island arc tholeiites; BON: boninites; BA-A: intraoceanic fore arc basalts and andesites.
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TABLE 1] Representative analyses of clinopyroxenes from Téneme volcanics.

1 2 3 4 5 6 7 8 9 10 11 12
SiOp 53.63 53.27 52.00 52.08 53.97 54.08 52.62  52.83 52.83 52.28 53.05 52.99
TiO2 0.11 0.12 0.28 0.24 0.04 0.06 0.14 0.16 0.19 0.7 0.19 0.16
Al2O3 1.34 1.54 1.60 1.68 0.99 0.94 2.02 1.90 2.07 226 1.50 1.71
FeoO3 0.79 1.64 1.81 1.47 1.29 1.65 2.36 1.53 1.85 2.33 1.30 1.93
MgO 18.74 18.65 1451 1438 18.77 19.65 18.00 17.72 1761 17.54 1777 17.75
CaOo 2045 21.21 20.70 21.02 21.26 21.06 20.38  20.74 20.69 20.58 19.40 19.41
MnO 0.20 0.13 0.36 0.13 0.16 0.13 0.17 0.17 0.11 0.15 0.22 0.21
FeO 3.85 2.48 8.47 8.62 2.91 1.88 3.71 4.09 4.66 4.17 6.17 6.00
NayO 0.12 0.17 0.25 0.26 0.17 0.14 0.21 0.20 0.15 0.15 0.14 0.17
K20 0.00 0.00 0.02 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.01 0.00
Total 90.22 99.21 990.99 99.87 99.56 99.60 99.60 99.33 100.16 99.64 99.74 100.33
Si 1.96 1.95 1.94 1.95 1.97 1.96 1.93 1.94 1.93  1.92 1.95 1.94
Ti 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Al 0.06 0.07 0.07 0.07 0.04 0.04 0.09 0.08 0.09 0.10 0.07 0.07
Fed* 0.02 0.05 0.05 0.04 0.04 0.05 0.07 0.04 0.05 0.06 0.04 0.05
Mg 1.02 1.02 0.81 0.80 1.02 1.06 0.98 0.97 096 0.96 0.97 0.97
Ca 0.80 0.83 0.83 0.84 0.83 0.82 0.80 0.82 0.81 0.81 0.76 0.76
Mn 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01
Fe2* 0.12 0.08 0.26 0.27 0.09 0.06 0.11 0.13 0.14  0.13 0.19 0.18
Na 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cations calculated on the basis of 6 oxygens

and their modern analogues (e.g. Beccaluva et al., 1989;
Bortolotti et al., 2002). On the Si0,/100-TiO,-NayO dis-
crimination diagram, the clinopyroxene crystals from the
Téneme volcanic rocks plot in the intraoceanic forearc
basalts and basaltic andesite field (Fig. 5C).

Cr-spinel

The presence of Cr-spinel in Téneme basaltic rocks is
in accordance with the high Cr content of the whole rock
(up to 1027 ppm in sample Tm-29; Table 2). Cr-spinels
have high Cr# ([Cr/(Cr+Al)] 20.8) and low TiO; contents
(=<0.25 wt %) (Table 2). This composition is similar to
that of Cr-spinel reported from Troodos volcanics, and
comparable to that found in boninites (Fig. 6A). In gener-
al, Cr-spinels are depleted in Fe,O3, and can be interpret-
ed as close to their magmatic compositions. The lowest
values of Mg/(Mg+Fe?*) probably result from partial re-
equilibration of Cr-spinel crystals with the liquid during
groundmass crystallization.

According to Barnes and Roeder (2001), there is a
petrogenetic link between some ophiolite complexes and
boninitic lavas. In this sense, accessory chromite in dunite
from the easternmost part of the Mayari-Cristal ophiolitic

Geologica Acta, Vol.4, N°1-2, 2006, 103-121

massif (Sagua de Tdnamo region) have Cr# just above the
field of abyssal peridotites, and similar to those in equi-
librium with IAT and boninitic magmas (Fig 6B). Thus,
some Sagua de Tdnamo dunites probably formed when
depleted IAT or boninite melts passed through mantle
harzburgite. Such magmas could be represented by Cr-
rich spinel-bearing Téneme volcanics.

GEOCHEMISTRY OF TENEME VOLCANIC ROCKS
Geochemical classification

Studies on element mobility during alteration process-
es show that the most mobile elements are K, Na, Rb, Ba,
Sr, Ca, Mg, Si, Fe and Mn. In contrast, Ti, Al, Nb, Y, Th,
Ta, Zr, Hf, as well as most of the REE (mainly MREE
and HREE) are considered to be practically immobile. In
order to examine the geochemical signature of the
Téneme rocks immobile HFSE and REE have been pref-
erentially considered.

Analyzed samples from the Téneme Fm are classified

in two groups according to silica content: basaltic type
(50 < SiO; < 60 wt%) and intermediate type (60 < SiO; <
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70 wt% for samples Ten-3, Tm-12 and Tm-13). They show
relatively high MgO contents (5-10 wt%, except for one
sample) and exhibit a clear IAT affinity (TiO, = 0.28-0.83
wt%, Zr = 28-96 ppm, Y = 7-17 ppm; P20s5 < 0.1 wt%).
Two analyzed samples from the Quibijan Formation
(samples M-1 and D-1) are basaltic rocks with TiO, con-
tents above 1 wt% (Table 3).

Hawkesworth et al. (1993a, 1993b), subdivided island
arc basaltic rocks on the basis of their LREE/HREE ratio:
(1) low-LREE series represent intraoceanic arcs, and (2)
high-LREE series are representative of arcs developed in
proximity to continental margins. On the La-Yb variation
diagram (Fig. 7) Téneme and Quibijin basaltic rocks fall
within the low-LREE/Yb island arc basalt field (La/Yb <
5), similar to those from the Maimén Formation in
Dominican Republic (IAT, pre Albian; Lewis et al., 2002),
and to the Puerto Rican lavas of volcanic phase I (IAT,
Aptian to Early Albian; Jolly et al., 2001).

REE and spider diagrams of the Téneme volcanics

Téneme volcanic rocks exhibit slight REE enrichment,
and MREE and HREE depletion with respect to N-type
MORB (Fig. 8A). The relative enrichment in LREE may
be linked to interaction with subduction-related fluids.

Similar LREE enrichment and MREE and HREE
depletion with respect to N-type MORB characterize PIA
meta-basaltic rocks of Cerro de Maimon (southern margin
of the Maimén Fm, Dominican Republic; Lewis et al.,
2000), as illustrated in Fig. 8B. This figure shows that
there is a strong similarity among REE patterns of
Téneme basaltic rocks and those of meta-basalts from the
Maimo6n Formation, and of boninites from the western
Pacific island arcs.

In contrast to Téneme volcanics, the Morel basalt (sam-
ple M-1) has a relatively flat REE pattern similar to N-
MORB, confirming the results reported by Kerr et al.
(1999). This REE pattern exhibits a slight peak at Nd-Sm,
which is typical of BABB (Back-arc basin basalts) pro-
duced during the earliest stages of back-arc basin spreading
(Hawkins and Allan, 1994; Meffre et al., 1996). However,
the Duaba basalt (sample D-1) shows a slight enrichment
in LREE, with a flat MREE to HREE segment (Fig. 8C).

As generally reported for island arc suites, MORB-
normalized multielement plots reveal that Téneme
basaltic rocks are enriched in LILE with respect to LREE
and depleted in HFSE, MREE and HREE (Fig. 9A).
These patterns are similar to those reported for
metabasaltic rocks from the Maimén and Los Rancho
Formations in Dominican Republic (Fig. 9B) (Lewis et
al., 2000, 2002), interpreted as original basalts formed
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respectively in the forearc and in the axial region of a
nascent primitive island arc (see Lewis et al., 2000,
2002). In contrast, MORB-normalized multielement pat-
terns of Morel and Duaba basalts indicate a more fertile
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FIGURE 6 | A) Compositions of chromite from Téneme volcanics (sam-
ple Tm-29) compared to chromite of various magma types. B) Summa-
ry of chromite data from the eastern part of Mayari-Cristal ophiolitic
massif (Sagua de Tanamo region; Proenza et al., 1999; 2003), which
is in tectonic contact with the Téneme volcanics. Fields of different
magma types and abyssal peridotites are from compilation of Metzger
et al. (2002).
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TABLE 2| Representative analyses of chromian spinels from Téneme volcanics.

1 2 3 4 5 6 7 8 9 10
TiO2 0.21 0.21 0.23 0.25 0.19 0.15 0.19 0.20 0.20 0.17
Al2O3 9.20 9.89 9.92 9.84 9.21 9.11 9.49 9.39 9.42 9.03
V203 0.13 0.21 0.10 0.12 0.16 0.15 0.09 0.15 0.07 0.09
Cr203 556.28 58.04 58.76 58.69 55.34 54.74 56.81 56.24 56.22 55.33
FeoO3 4.71 5.23 5.63 5.43 4.37 3.97 4.39 5.21 4.38 4.40
MgO 6.18 13.19 14.69 14.60 6.46 4.64 8.95 8.96 7.30 5.86
MnO 0.95 0.40 0.24 0.26 0.83 0.95 0.61 0.69 0.81 0.81
FeO 2313 13.23 1129 1129 2259 25.11 19.30 19.24 21.71  23.54
NiO 0.13 0.09 0.12 0.15 0.19 0.14 0.16 0.20 0.18 0.15
ZnO 0.52 0.03 0.05 0.02 0.67 0.80 0.18 0.27 0.26 0.45
Total 100.44 100.54 101.02 100.64 100.02 99.76 100.16 100.54 100.54 99.83
Ti 0.04 0.04 0.05 0.05 0.04 0.03 0.04 0.04 0.04 0.04
Al 2.95 3.01 2.98 2.97 2.96 2.98 2.99 2.95 2.99 2.92
\ 0.03 0.04 0.02 0.02 0.04 0.03 0.02 0.03 0.02 0.02
Cr 1191 1185 1183 11.86 11.95 12.01 12.00 11.85 11.98 12.02
Fed+ 0.97 1.02 1.08 1.05 0.90 0.83 0.88 1.05 0.89 0.91
Mg 2.51 5.08 5.57 5.56 2.63 1.92 3.56 3.56 2.93 2.40
Mn 0.22 0.09 0.05 0.06 0.19 0.22 0.14 0.16 0.18 0.19
Fe2* 5.27 2.86 2.40 2.41 5.16 5.83 4.31 4.29 4.89 5.41
Ni 0.03 0.02 0.02 0.03 0.04 0.03 0.03 0.04 0.04 0.03
Zn 0.10 0.01 0.01 0.00 0.14 0.16 0.04 0.05 0.05 0.09
Total 24.03 24.00 24.01 24.00 24.04 24.05 24.02  24.02 24.02 24.03

Cations calculated on the basis of 32 oxygens

source than for the Téneme basaltic rocks. However, Dua-
ba sample has a more marked Nb anomaly than Morel
basalt (Fig. 9C).

Magma source and tectonic setting

The Téneme basaltic rocks have IAT affinity, with a
TiO; content ranging from 0.28 to 0.53 wt %. Only one
sample (Tm-21) is relatively TiO»-rich (0.83 wt %). In
contrast, the Quibijan volcanics exhibit TiO; contents
ranging from 1.04 (sample D-1) to 1.90 (M-1) wt % and
plot in the field of basalts generated at mid-ocean ridge
setting (Fig. 10A). On the Th-Hf/3-Nb/16 diagram (Fig.
10B) Téneme basaltic rocks and Duaba basalt (D-1) have
a supra-subduction zone (SSZ) signature, whereas Morel
sample (M-1) lies in the overlap zone of BABB and
MORSB fields.

In the Cr-Y diagram (Fig. 11A), all the Téneme
basaltic rocks plot in both the IAT and boninite fields
(mainly along the high-Ca boninites crystallization vec-
tor), whereas values exhibited by Quibijan samples are
proper to the BABB and MORB fields. On the TiO;-Zr
diagram (Fig. 11B) the Téneme basaltic rocks plot within
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and close to the field of the Izu-Bonin-Mariana (IBM)
forearc boninites, whereas the Quibijin volcanics follow
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FIGURE 7 I La-Yh abundances in Téneme and Quibijan volcanic
rocks. Fields of Central Puerto Rican volcanic phases are from Jolly et
al. (2001), and data of Maimén Fm is taken from Lewis et al. (2000,
2002).

[111]



J.A. PROENZA et al.

Primitive Cretaceous island arc vulcanites in E Cuba

TABLE 3 | Representative major-elements (wt%) and trace elements (ppm) analyses from the Téneme volcanic rocks (Lt-1, Tm-21, Tm-29, Tm-14, Tm-1,

Ten-1, Tm-20, Ten-2, Tm-8), Rio Grande intrusive rocks (Tm-35, Tm-37, Tm-38) and Quibijan basalts (M-1 and D-1).

Lt-1 Tm-21 Tm-29 Tm-14 Tm-1 Ten-1 Tm-20 Ten-2 Tm-8 Tm-35 Tm-37 Tm-38 Tm-39 M-1 D-1
SiO, 50.21 50.51 52.44 54.53 5595 55.45 58.19  57.63 59.75  59.66 59.19 58.01 58.80 47.35  46.23
TiOz 0.51 0.83 0.53 0.37 0.28 0.46 0.45 0.40 0.39 0.41 0.44 0.47 0.47 1.77 1.04
AlxO3 15.80 17.68 11.81 14.23 12.77 18.86 14.55 15.73 15.39 17.97 18.47 18.08 18.09 14.01 14.08
FeO* 9.19 10.44 8.64 8.00 7.43 7.03 7.46 6.85 6.60 6.39 6.26 7.15 7.18 11.25 13.40
MnO 0.12 0.19 0.12 0.13 0.13 0.11 0.12 0.11 0.08 0.13 0.13 0.15 0.15 0.19 0.25
MgO 10.44 4.88 9.95 8.00 9.17 4.27 5.59 5.15 7.73 2.34 2.39 2.78 2.65 7.20 8.77
CaO 8.53 8.04 11.38 9.24 8.32 7.84 10.06 9.05 0.49 7.53 7.57 7.63 7.85 12.25 8.21
NaxO 1.47 3.29 2.22 1.42 2.69 2.79 1.51 1.69 4.49 2.85 2.92 2.88 2.31 1.71 2.91
K20 0.32 0.85 1.42 0.71 0.28 0.50 0.22 0.25 0.22 0.61 0.63 0.46 0.37 0.50 0.03
P20s5 0.04 0.10 0.08 0.05 0.03 0.08 0.06 0.06 0.07 0.07 0.08 0.08 0.09 0.16 0.20
LOI 4.11 3.40 1.25 3.78 3.09 3.08 2.26 3.55 4.82 2.47 2.34 2.85 2.69 4.06 5.33
Total 100.76 100.18 99.86 100.48 100.15 100.47 100.48 100.47 100.03 100.43 100.42 100.54 100.65 100.45 100.44
Y 9.00 13.00 17.00 6.00 9.00 11.00 10.00 10.00 7.00 13.00 13.00 15.00 13.00 33.00 21.00
Zr 75.00 51.00 61.00 52.00 28.00 96.00 60.00 60.00 83.00 53.00 42.00 56.00 50.00 119.00 103.00
\Y 245.00 325.00 199.00 187.00 185.00 190.00 199.00 170.00 218.00 161.00 165.00 178.00 156.00 359.00 345.00
Cr 239.00 51.00 1027.00 293.00 500.00 45.00 194.00 171.00 94.00 50.00 54.00 60.00 21.00 161.00 596.00
Li 18.32 9.26 1.46 12.99 7.15 8.56 8.23 10.66 17.33 5.62 5.75 7.56 6.41 9.94 2538
Rb 3.78 8.44  28.76 8.27 3.21 5.35 3.05 4.29 2.43 13.25 13.16 9.47 7.80 5.11 0.06
Cs 0.30 0.22 0.15 0.21 0.17 0.30 0.05 0.09 0.19 0.39 0.67 0.49 0.47 0.15 0.14
Be 0.57 0.41 0.44 0.32 0.36 0.51 0.51 0.64 0.40 0.49 0.28 0.17 0.23 0.61 0.57
Sr 276.02 323.54 125.46 358.00 291.88 581.81 236.74 333.35 68.10 134.80 146.64 138.83 118.50 58.18  78.06
Ba 307.23 42120 563.50 13527 116.44 627.09 89.41 23274 81.32 299.58 449.64 289.67 191.31 8.02  36.91
Sc 34.85 38.28 31.10 35.96 33.15  30.04 31.80 30.82 29.62 21.94 20.69 25.65 25.22 45.01 35.33
Co 41.09 36.73 62.39 39.02 4523  71.32 57.47  51.58 30.26  44.13 43.41 41.73 42.73 4494 4711
Ni 94.77 33.23 587.65 66.09 12225 87.26 64.82 761.25 52.05 37.75 122.82 98.17 24.81 65.21 347.72
Cu 77.70 144.04 21.60 78.52 5439 72.62 5432 3584 141.86 8.45 10.47 10.83 4.86 53.41 55.83
Zn 62.07 96.57 60.40 63.95 5592  57.87 53.43 59.30 156.55 45.68 43.32 51.24 46.98 97.61 113.10
Ga 18.05 18.35 10.16 14.38 1159 19.22 17.18 16.31 16.86 18.28 18.62 18.37 18.57 20.96 16.40
Nb 1.05 1.31 1.05 1.35 1.16 1.19 0.68 0.96 0.61 1.39 1.43 1.61 1.54 3.00 1.69
Ta 0.18 0.35 0.24 0.39 0.42 0.30 1.43 0.30 0.17 0.74 0.72 0.63 0.67 0.39 0.32
Hf 1.66 3.35 1.17 3.36 3.14 1.83 1.04 1.39 1.24 0.38 0.36 0.43 0.26 2.99 4.00
Mo 3.93 3.22  46.50 2.30 1.89 13.91 1.73 158.89 5.37 6.52 2411 20.02 3.46 1.50 3.62
Sn 0.08 0.19 0.52 0.23 0.04 0.11 0.39 0.27 0.00 0.42 0.35 0.33 0.11 0.27 0.58
Tl 0.06 0.08 0.24 0.06 0.02 0.09 0.02 0.01 0.01 0.08 0.09 0.06 0.05 0.02 0.01
Pb 2.82 2.41 0.91 1.88 1.90 3.61 4.51 2.77 2.47 1.29 1.37 1.28 0.88 0.38 2.41
u 0.69 0.38 0.25 0.32 0.38 0.65 0.35 0.53 0.42 0.68 0.26 0.32 0.23 0.27 0.33
Th 0.68 0.58 0.32 0.61 0.46 0.87 0.39 0.66 0.62 0.51 0.76 0.86 0.77 0.17 0.70
La 3.80 4.11 3.74 3.00 1.60 7.60 3.67 5.41 9.35 5.17 5.34 5.42 4.66 3.68 5.69
Ce 9.25 11.65 9.94 8.69 475 17.44 9.19 11.87 18.99 10.75 11.24 11.88 9.92 11.87 15.63
Pr 1.26 1.73 1.55 117 0.65 2.33 1.36 1.65 2.64 1.39 1.46 1.55 1.35 2.06 2.53
Nd 5.96 8.48 7.53 5.10 2.81 9.71 6.68 7.22 11.29 6.28 6.02 7.26 6.14 11.33 12.50
Sm 1.37 2.51 2.19 1.43 0.95 2.33 1.93 1.71 2.48 1.56 1.55 1.90 1.72 4.07 3.54
Eu 0.63 0.91 0.86 0.51 0.39 0.98 0.62 0.61 0.87 0.74 0.85 0.75 0.69 1.37 1.16
Gd 1.35 2.92 2.09 1.56 1.35 2.38 1.75 1.65 2.48 1.73 1.63 2.04 1.79 5.26 3.83
Tb 0.21 0.50 0.34 0.24 0.23 0.38 0.29 0.29 0.38 0.29 0.28 0.35 0.30 0.91 0.65
Dy 1.33 2.98 2.10 1.48 1.45 2.41 1.84 1.95 2.45 2.05 1.94 2.37 2.07 6.21 4.18
Ho 0.29 0.64 0.43 0.30 0.33 0.53 0.41 0.41 0.51 0.46 0.43 0.56 0.50 1.37 0.93
Er 0.85 1.76 1.20 0.86 0.95 1.49 1.19 1.23 1.41 1.39 1.23 1.56 1.45 3.81 2.60
Tm 0.13 0.27 0.18 0.13 0.15 0.24 0.19 0.18 0.22 0.23 0.20 0.24 0.22 0.57 0.41
Yb 0.90 1.71 1.10 0.88 1.01 1.51 1.07 1.19 1.43 1.43 1.34 1.51 1.46 3.58 2.64
Lu 0.14 0.26 0.16 0.14 0.16 0.25 0.16 0.18 0.20 0.23 0.23 0.24 0.23 0.49 0.40
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the MORB trend. The increase in TiO; with a slight
increase in Zr is typical of the tholeiitic suite, whereas
IBM arc boninitic rocks exhibit a trend characterized by
increasing Zr at low concentration of TiO,. Hence, the
Téneme volcanic rocks show the characteristic Zr enrich-
ment of many Tertiary boninite suites. Téneme and Quibi-
jan volcanics also differ in terms of LREE/MREE, as
illustrated in La/Sm versus TiO; diagrams (Fig. 11C).
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FIGURE 8 | A) N-MORB normalized REE patterns (Sun and McDo-
nough, 1989) for the Téneme volcanic rocks. B) Comparison of N-
MORB normalized REE patterns (Sun and McDonough, 1989) for
Téneme basaltic rocks with: 1) metabasalts and mafic schists of the
Maimén Fm (Lewis et al., 2002), and 2) western Pacific boninites
(Pearce et al., 1992). C) N-MORB normalized REE patterns (Sun and
McDonough, 1989) for the Quibijan basalts (Morel and Duaba areas).
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Téneme rocks mainly plot in the field of IBM and North
Tonga boninites, whereas the Morel sample plots within
to the field of Lau back-arc basin, and the Duaba sample
close to Mariana arc rocks.

In addition, the plot of Zr/Yb vs Nb/Yb (Fig. 12A)
reflects that both Téneme and Quibijan volcanic rocks
from eastern Cuba consistently exhibit geochemical con-
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FIGURE9 | A) N-MORB normalized multielemental diagrams (Sun and
McDonough, 1989) for the Téneme volcanic rocks. B) Comparison of
N-MORB normalized multielemental diagrams (Sun and McDonough,
1989) for the Téneme basaltic rocks with representative metabasalts
and mafic schists of the Maimén and Los Ranchos Fms. Average geo-
chemical analyses for Maimén and Los Ranchos Fms are taken from
Lewis et al. (2002). C) N-MORB normalized multielemental diagrams
(Sun and McDonough, 1989) for the Quibijan basalts (Morel and Dua-
ba areas).
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tributions from relative depleted mantle sources. These
results suggest that the basement beneath eastern Cuba
in Upper Cretaceous was a depleted or normal N-
MORB-type mantle. Téneme basaltic rocks and the sam-
ple of Duaba (D-1) have high Th contents associated
with derivation from arc mantle sources (Fig. 12B). In
contrast, the sample from Morel (M-1) has little slab
influence and lies within the mantle array.

Figures 12A and 12B also show that the sources of
Cretaceous volcanics arc rocks from Los Pasos Fm
(Central Cuba), Maimén Fm (Central Cordillera,
Dominican Republic), Puerto Rican volcanic phase I,
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FIGURE 10 | A) Ti/100 versus V discrimination diagram (Shervais,
1982) for basaltic rocks from the Téneme and Quibijan volcanic
rocks. Back-arc field is from Metzger et al. (2002). B) Th-Hf/3-Nb/16
discrimination diagram (Wood, 1980) for the Téneme and Quibijan
volcanic rocks. Back-arc and forearc basalts also plot within the SSZ
field. Field for back-arc basin basalts is from compilation by Metzger
et al. (2002).
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and Paleogene volcanics rocks of El Cobre Group (SE
Cuba) were depleted or N-MORB-type mantle wedges
(Fig. 12B), without any evidence of contribution from
an enriched mantle (e.g. mantle plume influence).

THE RiO GRANDE INTRUSIVE
Geochemistry

The Rio Grande quartz diorite consists of plagio-
clase, hornblende, deformed quartz, and minor biotite
grains. K- feldspar is absent in all the analyzed samples.
Commonly, these intrusive rocks show extensive albiti-
zation and sericitization of plagioclase and minor
replacement of hornblende by chlorite and tremolite.

Geochemical data for the Rio Grande intrusive rocks
are listed in Table 3. The SiO; content ranges from 58 to
60 wt%, and the MgO content varies between 2.34 and
2.65 wt%. All the samples are low in titanium (TiO; <
0.47 wt%), potassium (K0 <0.63 wt%), Y (<15 ppm),
Yb (<1.5 ppm), and Nb (<1.6 ppm). On the Nb vs Y
discrimination diagram (Pearce et al., 1984), the
Téneme intrusive rocks plot within the volcanic-arc and
syn-collisional granites field (no shown), while the K-
Na-Ca plot (Fig. 13A) shows that Rio Grande plutonics
fall into the fields of Aruba batholith (Aruba, Dutch
Caribbean; White et al., 1999) and granitoid rocks of the
Cordillera Central (Dominican Republic; Lidiak and Jolly,
1996; Lewis et al., 2002).

As regards the REE contents of the Rio Grande dio-
rites, all samples exhibit low incompatible element va-
lues and patterns characterized by a slight LREE enrich-
ment with flat MREE and HREE segments (Fig. 13B).
The Rio Grande quartz-diorites are not significantly
depleted in HREE, suggesting that garnet control is
insignificant in the origin of these intrusive rocks. The
REE patterns are similar (except for the positive Eu
anomaly) to those of the tonalitic batholith exposed in
Aruba (White et al., 1999) and to those of granitoid
rocks of the Cordillera Central (Dominican Republic;
Lewis et al., 2002) (Fig. 13C). Finally, multielemental
diagrams for intrusive rocks show negative Nb ano-
malies, typical of arc volcanic suite. The overall geo-
chemical signature of Rio Grande intrusive rocks sup-
ports the origin of these rocks in a subduction-related
environment.

“Ar/*Ar step-heating geochronology
The “OAr/3%Ar step-heating data are listed in Table 4

and presented in age spectra and isochron diagrams in
Fig. 14.
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The age spectrum for hornblende sample Tm-37 (Fig.
14A) is fairly concordant but it does not form a plateau.
However, the inverse-isotope correlation diagram (Fig.
14B) shows an isochron age at 89.70 = 0.50 Ma with
good statistical constraints (*CAr/3%Ar initial = 293 * 6;
MSWD = 1.6; 53.1% of total 3°Arg gas). A calculated
average age at 89.40 + 0.20 Ma supports the isochron age
within limits of analytical error.

In contrast, hornblende sample Tm-35 presents a dis-
turbed age spectrum (Fig. 14C) with a bad inverse-isotope
correlation (unacceptable MSWD of 640; Fig. 14D). A
calculated average age of 105.20 + 0.30 Ma is the best
approximation for the age of this hornblende sample;
however, this age is clearly overestimating the age of the
sample perhaps due to the presence of excess argon in the
hornblende as observed in its climbing spectrum (Fig.
14C). This age is also too old based on geological field
relationships since the package of Téneme volcanics,
being intruded by the quartz diorite, present intercalated
Cenomanian-Turonian fossil faunas (Iturralde-Vinent et
al., this volume). This fact, combined with the relatively
bad behaviour of this sample with respect to Argon sys-
tematics, force us to discard this analysis to determine the
age of the quartz diorite.

The fine-grained, perhaps hypabissal(?) character of
the quartz-diorite intrusion would imply that the cooling
of the body was fairly fast, indicating that the hornblende
isochron age at 89.70 + 0.50 Ma (sample Tm-37) is the
time of crystallization of the Rio Grande quartz diorite. In
addition, this crystallization-intrusion age could be used
to estimate the minimum possible age for the Téneme
volcanics in the Rio Grande area.

DISCUSSION AND CONCLUSIONS

According to trace element discrimination diagrams
presented in this paper, we infer that Téneme basaltic
rocks are low-Ti island arc tholeiites (low-Ti IAT) with
boninitic affinity. Two basalt samples from Quibijan Fm
differ in their geochemical characteristics; e.g. Duaba
basalt has a light REE enrichment normalized pattern,
whereas Morel basalt has a relatively flat REE pattern
similar to N-MORB. Thus, these volcanic rocks were not
derived from the same parental magma, and should not be

FIGURE 11 | A) Y-Cr discriminant diagram from Pearce et al. (1984)
showing fields for basalts from various tectonic settings. Fields are
from compilation by Metzger et al. (2002). B) Comparison of Zr and
Ti02 for Téneme and Quibijan volcanics and modern arc systems. Data
for modern arc systems compilied by Meffre et al. (1996). C) Compar-
ison of La/Sm and TiO2 for the Téneme and Quibijan velcanics and
modern arc systems. Data for modern arc system compiled by Meffre
et al. (1996).
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included in the same lithostratigraphic unit (Quibijan For-
mation). These data indicate that the so-called Quibijan
Formation, as defined today, include basalts from different
origins, and in consequence need further detailed field,
geochemical, and geochronological investigations.

The Téneme volcanic Formation consists of both
tholeiites with boninitic affinity and typical oceanic arc
tholeiites. These volcanic rocks have a geochemical
signature similar to that of the Maimén Formation in
Dominican Republic, (Lewis et al., 2000, 2001), and in
general to that of the primitive (pre-Albian) island arc
series described in the circum-Caribbean region.

Iturralde-Vinent et al. (this volume) propose, based on
paleontological dating, a Turonian to early Coniacian age
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FIGURE 12 | A) Zr/Yb versus Nb/Yb and (B) Th/Yh versus Nb/Yh plots
for Téneme and Quibijan basaltic rocks. These diagrams (modified
from Pearce and Peate, 1995) show the progression from depleted to
enriched sources: DM = depleted mantle, from Staudigel et al.
(1998); N-MORB, E-MORB and 0IB from Sun and McDonough (1989).
Geochemical analyses for Los Pasos (central Cuba) and El Cobre
(eastern Cuba) bhasaltic rocks are from Proenza et al. (unpublished
data). Field of Maimén Fm is taken from Lewis et al. (2000, 2002),
and field form Puerto Rican volcanic phase | (Rio Majada Group) is
from Jolly et al. (2002).
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for Téneme Fm. This age is supported by the 89.70 + 0.50
Ma Rio Grande Instrusive that were probably emplaced
during the final stages of arc magmatism. If this Late Cre-
taceous age is correct, primitive island arc volcanism in
the Caribbean region was not extinguished in Aptian-
Albian time (Donnelly and Rogers, 1980; Donnelly et al.,
1990), but was still active in Late Cretaceous. In other
words, Caribbean island arc development in Late Creta-
ceous (Albian-Campanian) is not only represented by
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FIGURE 131 A) A) K-Na-Ca plot for the Rio Grande intrusive rocks
(after Defant and Drummond, 1993). Field for the Aruba batholith is
from White et al. (1999), and the field for the Cordillera Central
tonalite is from Lewis et al. (2002). B) Chondrite normalized (Sun and
McDonough, 1989) REE patterns for the Rio Grande intrusive. C) Rio
Grande intrusive rocks compared to diorites from Aruba batholith
(White et al., 1999) and tonalite from Cordillera Central of Dominican
Republic (Lewis et al., 2002).
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TABLE 41 40Ar/39Ar step-heating data for quartz diorite samples Tm 35 and Tm-37 (Rio Grande intrusive).

Step  Temp. %3%Ar  Radiogenic 39Ar 40Ar* Apparent Apparent Apparent Error
°C of total Yield (%) (Moles x10713) 39Ar, K/Ca K/CI Age (Ma) (Ma)
TM-37 hornblende  J=0.001981 +0.25% wt=110.0 mg
A 1000 0.8 19.3 0.000233 23.427 0.020 0.99 82.03 =+ 2.67
B 1025 1.0 30.7 0.000308 20.513 0.014 0.61 72.03 =+ 1.73
C 1050 1.8 42.0 0.000546 20.477 0.012 0.36 7190 =+ 0.99
D 1075 3.2 57.0 0.000948 24.989 0.014 0.30 87.37 =+ 0.57
E 1100 6.7 69.2 0.001959 27.233 0.016 0.31 95.02 =+ 0.39
F 1125 12.6 76.3 0.003710 26.100 0.018 0.42 91.16 =+ 0.24
G 1150 20.6 83.3 0.006050 25.226 0.019 0.49 88.18 =+ 0.18
H 1175 7.0 80.2 0.002064 25.315 0.019 0.49 88.48 =+ 0.99
| 1200 3.1 73.8 0.000898 25.220 0.017 0.43 88.16 =+ 0.54
J 1225 2.6 66.7 0.000755 25.450 0.016 0.41 88.94 =+ 0.67
K 1250 4.3 77.8 0.001262 25.689 0.017 0.42 89.76 =+ 0.40
L 1275 11.2 82.4 0.003304 25.626 0.017 0.45 89.55 =+ 0.25
M 1300 11.9 82.3 0.003489 25.611 0.018 0.47 89.50 =+ 0.22
N 1350 10.0 78.4 0.002946 25.710 0.017 0.45 89.83 =+ 0.27
(0] 1450 3.0 68.9 0.000889 25.722 0.016 0.31 89.87 =+ 0.58
Total Gas 89.11
86.4% of gas on plateau-like in 1125 through 1450 steps Average Age = 89.40 =+ 0.20
TM-35 hornblende  J=0.001992 + 0.25%  wt =36.5mg
A 1050 1.3 32.1 0.000168 20.874 0.017 0.71 73.67 + 2.80732
B 1100 5.6 60.9 0.000730 28.442 0.015 0.37 99.66 =+ 0.77932
C 1150 37.6 80.6 0.004913 28.371 0.019 0.47 99.41 =+ 0.24147
D 1200 14.8 81.4 0.001940 29.607 0.020 0.50 103.62 =+ 0.3513
E 1300 36.8 83.3 0.004828 31.810 0.018 0.47 111.10 =+ 0.22002
F 1450 3.9 62.9 0.000515 24.302 0.015 0.38 85.49 =+ 0.94684
Total Gas 103.50
94.8% of gas on plateau-like in 1100 through 1300 steps Average Age = 105.20 =+ 0.30

Ages calculated assuming an initial 4°Ar/36Ar = 295.5x 0.
All precision estimates are at the one sigma level of precision.

Ages of individual steps do not include error in the irradiation parameter J.

No error is calculated for the total gas age.

calc-alkaline (CA) volcanic rocks, as it has been suggest-
ed in previous studies (e.g. Donnelly et al., 1990; Lebron
and Perfit, 1994; Kerr et al., 1999).

The geochemistry and age of Téneme volcanic
rocks contrast with the Late Cretaceous geodynamic
model of the Caribbean region, especially with respect
to the position of the Caribbean oceanic plateau (Pin-
dell and Barret, 1990). Mineral chemistry (e.g. very
high Cr# values of Cr-spinel), and whole rock compo-
sitions (e.g. low Ti, Y, Nb abundances, and very low
values of HREE) of Téneme basaltic rocks indicate a
highly depleted mantle source for these magmas. The
highly depleted mantle is likely to have been derived
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from previous melt extraction beneath the spreading
ridge (Proto-Caribbean crust) and/or in a back-arc
region related to Early Cretaceous island arc volcanism
in the Greater Antilles. No contribution of E-MORB or
OIB sources have been detected in the petrogenesis of
the Téneme volcanics rocks. In contrast, the Late Cre-
taceous basement of the Dominican Republic Arc II
(Lewis et al., 2002) displays an E-MORB signature.
Such differences indicate that the volcanic rocks of
eastern Cuba and the Dominican Republic were not
segments of a single arc system in Upper Cretaceous.
These results support a multiple-arc and oceanic
microplates model for the Caribbean region in Upper
Cretaceous time (Iturralde-Vinent, 2003).
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Tholeiites with boninitic affinities, as Téneme volcanic
rocks, are very rare in back-arc settings, whereas they are
commonly generated during the initial stages of subduction
in forearc regions (Stern et al., 1991; Pearce et al., 1992).
In addition, Morel basaltic rocks exhibit a BABB affinity
(Kerr et al., 1999; this study), and are partially coeval with

Primitive Cretaceous island arc vulcanites in E Cuba

Téneme volcanism (Iturralde-Vinent et al., this volume).
Thus, the origin of Téneme and Morel volcanics from east-
ern Cuba can be explained in terms of a multistage process
associated with an intra-oceanic subduction zone devel-
oped within the Caribbean region in Upper Cretaceous
time. At this time, north-eastward-directed subduction
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occurred beneath the Proto-Caribbean region, consuming
Farallon plate (Kerr et al., 1999). Téneme volcanics were
probably formed in a nascent primitive island arc, and
therefore represent an example of forearc (or axial compo-
nent) of this Upper Cretaceous IAT volcanism (PIA)
recorded in eastern Cuba. In contrast, Morel volcanics
probably were formed during extension of a back arc (or
intra arc) basin, associated with the Téneme arc.
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