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Abstract

The basaltic volcanism of the Dumisseau Fm in tieer& de Bahoruco, SW Dominican Republic,

offers the opportunity to study, on land, the vaoisen of the Caribbean Large Igneous Province
(CLIP). It consists of an at least 1.5 km-thick wegce of submarine basaltic flows and pyroclastic
deposits, intruded by doleritic dykes and sillsréehgeochemical groups have been identified: low-
Ti tholeiites (group 1); high-Ti transitional batal(group II); and high-Ti and LREE-enriched

alkaline basalts (group lll). These geochemicahaigres indicate a plume source for all groups of
basalts, which are compositionally similar to thelcanic rocks that make up various CLIP

fragments in the northern region of the CaribbetatePTrace element modelling indicates that

group | magmas are products of 8-20% melting ofiedpiherzolite, group Il magmas result 4-10%

melting of a mixture of spinel and garnet Iheraliand group Il basalts are derived by low degrees
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(0.05-4%) of melting of garnet lherzolite. Dynammelting models suggest that basalts represent
aggregate melts produced by progressive decompresselting in a mantle plume. There is no
compositional evidence for the involvement of ailla@an supra-subduction zone mantle or crust in
the generation of the basalts. T#&r/**Ar whole-rock ages reflect the crystallization abgp 1|
magmas at least in the late Campanian (~74 Ma)laadower Eocene (~53 Ma). All data suggest
that the Dumisseau Fm is an emerged fragment ofthE, which continues southward through the

Beata Ridge

(*) Corresponding Author
Key words oceanic plateau basalts; Dumisseau Formationtlen@iume magmatism; Caribbean

Large Igneous Province; Dominican Republic

1. Introduction

Much of the Caribbean Plate is widely interpretedam oceanic plateau, or a Caribbean large
igneous province (CLIP), that formed by by the esmpment of mafic magmas above a mantle
plume (e.g., Kerr et al., 1997, 2003). The huge whof generated melt has led to the formation of
anomalously thick oceanic crust (15-20 km) whichrelaterises the province in the Caribbean basin
(Donnelly et al.,, 1990; Donnelly, 1994; Mauffret darLeroy, 1997; Diebold et al., 1999).
Petrological, geochemical and isotopic studieshef uplifted and tectonically accreted sections of
the CLIP, around the margins of the Caribbean phte also consistent with this interpretation.(e.g
Hauff et al., 2000; Kerr et al., 1997, 2002, 208Biton et al., 1998; Lapierre et al., 1997, 2008rrK
and Mahoney, 2007; Jolly et al., 2007; Escuder-&teuet al., 2007, 2010, 2011a). These studies
have resulted in several geodynamic models footiggn and evolution of the CLIP (Montgomery
et al., 1994; Pindell et al., 2005; Hastie and K2®10; Pindell and Kennan, 2009; Wright and Wyld,

2011; Loewen et al., 2013; Whattam and Stern, 20d6jvever, there are several key issues that
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remain to be resolved and need to be incorporateshy proposed geodynamic model for the CLIP.
These include its volcanic stratigraphy, the seqeesnd age of successive plume-related melting
events, the significant geochemical and isotopicdgeneity of the resulting mafic melts, and the

spatial and temporal relationships with subducéeents around the Caribbean.

In this paper, the basaltic volcanism of the Duesss Formation (DFm) is studied. The DFm

constitutes the Cretaceous igneous basement dfidssif de la Hotte and the Chaine de la Serre in
Haiti, the Sierra de Bahoruco in SW Dominican Reiguland probably the submarine promontory
of the Beata Ridge (Figs. 1, 2). All these areagehbbeen grouped as a geological terrain and
interpreted as a fragment of the CLIP, upliftedfatad on the northern margin of the Caribbean
Plate (Sen et al., 1988; Lewis and Draper, 1990niMet al., 1991; Sinton et al., 1998; Révillon et
al., 2000). The new field, petrologic, geochem@atl geochronological data of the DFm presented
in this paper allows us to establish the naturethef magma sources and the mantle melting
conditions, as well as the magmatic history of thgion. Additionally, our results allow the

correlation of the DFm with other contemporaneoo&anic units of the CLIP and help in the

formulation of a tectonomagmatic evolutionary mofial the northern Caribbean plate during the

late Cretaceous.

2. Geological Context

2.1. The Caribbean Large Igneous Province (CLIP)

The CLIP is generally believed to have formed by énuption of a huge volume of mafic magmas
derived from a mantle plume onto what would becdhe oceanic Caribbean plate (Duncan and
Hargraves, 1984; Kerr et al, 1997, 2002, 2003;dpiet al, 1998; Hauff et al., 2000). The submerged
part of the plateau has been sampled at the Bedtge Rnd DSDP Leg 15 and 165 ODP Leg sites

(Fig. 1; Donnelly et al., 1990; Sinton et al., 198&uvillon et al., 2000; Kerr et al., 2009), bugliso
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outcrops on land in Jamaica, central and southéspadiola (Dominican Republic and Haiti), SW
Puerto Rico, coastal borders of Venezuela, CuraodoAruba, the Pacific coast of Central America
(Costa Rica and Panama), and western Colombia emaldér (Buchs et al, 2010; Escuder-Viruete et
al., 2007, 2011; Hastie and Kerr, 2010; Hastid,e2@08, 2009; Hauff et al., 2000; Kerr et al, 1997
2002; Lapierre et al., 2000; Lewis et al., 2002;més et al., 2012). In its northern part, the CLIP
was built in three phases: 124-112 Ma (Lapierral €2000; Escuder-Viruete et al., 2007), 94-83 Ma
(apparently the most voluminous, Kerr et al., 198002; Sinton et al., 1998; Hastie et al., 2008,
2009; Loewen et al.,, 2013), and 80-68 Ma (Révilanal., 2000; Escuder-Viruete et al., 2011a;
Sandoval et al.,, 2015). Recently, Whattam and S{0i5) have compiled radiometric ages in
Central American and NW South American, and coredudhat CLIP plume activity mainly
occurred between 92 and 88 Ma with two less fregosgmatic pulses at 124-112 Ma and 76-72
Ma. Thus, rather than a single event at ~90 Ma ass$ initially proposed, the CLIP magmatism
occurred from the Aptian to the Maastrichtian, pegkaround the Turonian-Conacian boundary.
These phases have been recognised also in CostgHriaff et al., 2000; Hoernle et al., 2004) and
in other Pacific oceanic plateaus (Kerr, 2003), iitee plume magmatism took place intermittently
over tens of Ma Although the CLIP encompasses a wide range of mafid ultramafic
compositions, most of the lavas have a flat orhtjgLREE enriched chondrite-normalised REE
patterns andyg values between +8.5 and +6.0 (Sinton et al., 1B@8&iff et al., 2000; Lapierre et al.,
2000; Révillon et al., 2000; Kerr, 2003; Thompsolg 2004; Jolly et al., 2007; Escuder-Viruete et

al., 2008, 2011a; Lowen et al., 2013).

A Pacific provenance for the CLIP is generally quted (e.g., Pindell et al., 2005; Mann et al., 1991
2007; Bandini et al., 2011; Buchs et al., 2010)camse the Caribbean oceanic crust includes
radiolarites of Pacific affinity at various locati® as in Désiderade, Hispaniola and Puerto Rico

(Montgomery et al., 1994; Montgomery and Pessa$f69; Baumgartner et al, 2008; Montgomery
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and Kerr, 2009; Escuder-Viruete et al., 2010; Banédi al., 2011; Sandoval et al., 2015). Plate
tectonic models suggests that the eastern movewfeihe Farallon plate in the Cretaceous-
Paleogene transported the CLIP towards the protd®f=an oceanic domain, that had opened by
divergence between North and South America fromJilmassic (Pindell et al, 2005; Mann et al.,
2007; Flores, 2009; Pindell and Kennan, 2009). Harethe geodynamic cause of this eastern
movement is unclear, especially from the time @& thart of subduction below the Costa Rica-

Panama arc about 75 Ma ago (late Campanian; Buiciis 2010).

The volcanic stratigraphy of the CLIP is only paliti known. In the Caribbean basin, the upper limit
of the CLIP lavas has been identified seismicadlyttee basement surface B”, which is located under
the reflector A” of sedimentary rocks of Eocene ditauffret and Leroy, 1997; Driscoll and
Diebold, 1999). This B” boundary has been drillédixze locations of DSDP and ODP Sites, where
the appearance below of basalts support the ocmearef a single volcanic province in the
Caribbean (Sinton et al., 1998). The basalts asiteel51 yielded K-Ar ages of 85-83 Ma (Donnelly
et al., 1990), the basaltic sill drilled at theesi62 intrudes Campanian sediments (83-70 Ma)fand t
basaltof site 1001 hav&’Ar-*Ar ages of ~81 Ma (Sinton et al., 2000). These lmsae therefore
younger than the ~90 Ma main phase of the CLIPappkar to be part of a separate phase, which
possibly related to late rifting in the Caribbedat@ (Sinton et al., 1998). Samples recovered én th
Beata Ridge include gabbro, dolerite and rarepitb@salt (Révillon et al., 2000), which have ad¢rac
elements and isotopic signatures similar to CLIBalia. Eight samples ha{#r->°Ar ages between

80 and 75 Ma, but there are also two younger age$H Ma. Loewen et al. (2013) present new
“OAr-3°Ar ages for the Dumisseau Fm in Haiti and the Camadgava Fm, which appears to show that

CLIP volcanism was active from 94 to 63 Ma.

2.2. Geodynamic models for the origin of the CLIP
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Using petrological, seismic or geodynamic data,iouer models have been proposed for the
generation of the CLIP (Diebold et al., 1999; Dois@and Diebold, 1999; Mauffret and Leroy, 1999;
Kerr et al., 2003; Pindell et al., 2005; Mann et @8D07; Flores, 2009; James, 2009; Pindell and
Kennan, 2009; Hastie and Kerr, 2010; Wright and &/2011; among others). Placed in the context
of the geodynamic evolution of the “Great Arc” d¢fet Antilles, the models for a Pacific-derived
origin of the CLIP can be grouped in two end-merabér the first group, the “Great Arc” develops
above an east-dipping subduction zone in the Eamdtaceous. The CLIP mostly forms at ~90 Ma
on the Farallon Plate which is subducting bendaghetast-facing “Great Arc”. When the thick CLIP
crust collided with the “Great Arc” in the Late @@eeous (~85-80 Ma), subduction reversal
occurred and arc volcanism is renewed above a apping subduction zone (e.g., Kerr et al., 2003;
Hastie and Kerr, 2010)n the second group of models, subduction revessalrs in the Aptian
(~120 Ma), prior to formation of the CLIP, and tlager (<120 Ma) magmatism in the “Great Arc”
occurs above a west-dipping subduction zone. Th’ @rms in the upper Caribbean Plate of this

subduction zone at ~90 Ma and does not collide thigharc (e.g., Pindell et al., 2006).

For the northern margin of the Caribbean plate uiscViruete et al. (2011b, 2013) proposed a
tectonomagmatic model for the generation of thengo(i78-69 Ma) non-arc-like volcanic rocks
outcropping in the Cordillera Central of Hispaniola this model, the volcanic rocks were not
generated from a late-stage pulsing of the Caribb@ame, but through unrelated and spatially
distinct mantle-melting events controlled by a @latale mechanism that sampled a similar mantle
source material. The SW-directed subduction of pineto-Caribbean slab drives rollback and
migration of the overlying Caribbean island-arc &od the NE. To balance the rollback, mantle
influenced by the Caribbean plume was advectedtiamantle wedge below the extended island-
arc. The upwelling of this enriched mantle towdre €Caribbean back-arc spreading centre produced

relatively enriched MORB-type magmas in the NE seof Cordillera Central (DC and SC in Fig.
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1), and off-axis OIB-type magmas in the SW sedB#?F in Fig. 1). This model has been extended to
the Lesser Antilles and Central America subduc#ones in the late Cretaceous by Loewen et al.
(2013), where the slab rollback created an exteasigegime within the overlying Caribbean plate.
Following these authors, mixing of plume with uplive] asthenospheric mantle in the back-arc
areas provided a source for intermittent meltind aruption through the original plateau over a 30
Ma period. On the basis of geochemical and chrgjicéd data, Whattam and Stern (2015) propose a
late Cretaceous tectonic evolution of Central AceerNW South America and the Leeward Antilles
consistent with a plume-induced subduction inibiatiat 95 Ma along the southern and western

margins of the CLIP.

2.3. Basaltic units related to the CLIP in Hispanita

In Hispaniola, the basaltic units with oceanic @t affinities include the Dumisseau Fm of
southern Haiti (Sen et al., 1988) and SW Domini€apublic (this work, Fig. 1), the Duarte
Complex, the Siete Cabezas Fm and the Pelona-RieatdFm of the Cordillera Centrdll these
basalts have been interpreted as partial melts aofaatle plume source, which has not been
contaminated by subduction (Escuder-Viruete e2807, 2011). In the Chaine de la Serre, the DFm
consists of massive and pillowed basalts with siibate picrites, interlayered with pelagic
limestone, volcanogenic and biogenic turbiditesrthand shales (Maurrasse et al., 1979). These
authors distinguish two sections of upper and lowasalts, in which the fossil content in the
interbedded sediments indicates an Early Cretacwo8antonian age and an upper Campanian age,
respectively. Sinton et al. (1998) obtained ffr-**Ar plateau ages of 88.7+1.5 and 92.0+4.8 Ma
for the lower basalts and Sen et al. (1988) repdftAr age of 75.0 £ 1.5 Ma for a sill in the upper
basalts. Maurrasse et al. (1979) describe an erasimconformity on top of the DFm that marks the
end of volcanism in the Chaine de la Serre. Ovaglyhe unconformity a basal conglomerate of

basaltic clasts, sandstones and pelagic limestohdsatest Maastrichtian to early Paleocene age
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occurs (Beloc Fm; Maurrasse et al., 1979), butheoareas the sequence is composed of limestones
of upper Campanian to Maastrichtian age. In the diflade la Hotte, Calmus (1983) describes a
similar stratigraphic relationship, in which lowPaleocene conglomerates unconformably overlie
pelagic limestones, cherts and basalts of theGag¢aceous Macaya Fm. In the Sierra de Bahoruco,
van den Berghe (1983) reported Maastrichtian basaitonformably overlain by Paleocene-Eocene
limestones. In summary, the basaltic magmatismhef DFm in the whole area of Hotte-Selle-

Bahoruco ended before the Paleocene.

In the Cordillera Central, the Duarte Complex cosgs a ~3 km-thick sequence of mafic and
ultramafic meta-volcanic rocks, heterogeneouslyodeéd and metamorphosed, intruded by arc-
related batholiths of late Cretaceous age (91-83LMwiis et al., 2002; Escuder-Viruete et al., 2007,
2010). The complex includes clinopyroxene-bearingrppyritic metapicrites and Mg-rich
metabasalts, geochemically similar to the morecked CLIP lavas (Lapierre et al., 1997, 2000;
Escuder-Viruete et al., 2007°Ar-**Ar plateau ages of metamorphic hornblende indieatere-
Cenomanian age (probably Albian) for the first ghasthe CLIP volcanism. The Siete Cabezas Fm
consists of massive and pillowed basalt, subordinpftroclastic breccias, vitric tuffs and cherts
(Donelly et al., 1990), which unconformably ovenlahe Duarte Complex (Escuder-Viruete et al.,
2008).Radiolarians included in sediments have providediddle Campanian to Maastrichtian age
(Montgomery and Pessagno, 1999; Sandoval et al5)2@inton et al. (1998) obtained consistent
Maastrichtian Ar-Ar ages. These ages and the geoické characteristics of the lavas (tholeiitic
basalts with flat REE patterns) are consistent &itGLIP origin (Sinton et al., 1988; Lewis et al.,
2002; Escuder-Viruete et al., 2008). The Pelona-Boarte Fm is composed of a 1.5-3 km-thick
sequence of basalts of transitional tholeiitic afi@dline compositions (Escuder Viruete et al., 2011
Basalts are rich in TiQand Nb, with a marked LREE enrichment and HREHead®m, and have a

very restricted range 0&Ng)70 ma Values between +5.0 and +5.9. These characteriste similar to
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the enriched basalts of the CLIP (Kerr et al., 1202, 2009), particularly to those found at DSDP
site 152 and the Beata Ridg®Ar-*°Ar data indicate a middle Campanian-Maastrichtige #or

magmatism, correlating with the late phase of QtdRanism (Escuder Viruete et al., 2011).

3. The Dumisseau Formation in the Sierra de Bahorux

3.1. Field relations and petrography

The outcrops of the DFm in the Sierra de Bahorueolacated in the core of km-scale, NW-SE-
trending anticlines, generally occupying topography depressed areas, and in the eastern coastal
area, where a NNE-SSW-trending normal fault cutd amks under the Caribbean Sea the
mountainous alignement (Figs. 1, 2; Llinas, 197&;L@26n, 1989; Abad, 2010; Joubert, 2010; Pérez-
Valera, 2010). The DFm consists of at an least Kirbthick sequence of basaltic flows and
pyroclastic deposits, minor volcanogenic sedimgndaposits, and intrusions of doleritic dykes and
sills (Escuder-Viruete, 2010). No felsic volcanicogucts have been observed. Following the
terminology of McPhie et al. (1993), three typesvofcanic facies have been distinguished: (1)
coherent mafic flows and monogenic autoclastic diescresulting effusive processes; (2) mafic
breccias and tuffs formed by subaqueous explosiuptiens; and (3) re-sedimented syn-eruptive
polygenetic breccias and fine-grained volcaniatadéposits. Basaltic flows (<10 m-thick) are blue-
grey to brown, with massive, flow-foliated or piked structures. They exhibit porphyritic,
microporphyritic, aphanitic, glassy and amygdalbitextures. The related feeder dykes have
massive or flow-foliated structures. They exhibittergranular and ophitic textures. The
amygdaloidal facies present vacuoles filled witlarg, calcite and zeolites. The mafic pyroclastic
deposits are complosed of lithic clast-rich bree@ad fine-grained lithic and vitreous tuffs, often
with graded and laminated internal structure. Thianiclastic deposits consist of re-sedimented
breccias of centimetre-size polygenetic clasts fametgrained depositdnterbedded sediments are

rare and consist of lenses of pelagic limestonectiedt. These materials are unconformably overlain
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by red-algae limestones of middle Eocene age (Péaézra y Abad, 2010).

The main petrographic types observed in the DFm. (&) are olivine basalts, clinopyroxene (Ti-rich
augite) basalts, ortho and clinopyroxene basalégjigclase and clinopyroxene basalts, plagioclase
basaltic andesites and aphanitic basalts (Escunleeté, 2010). Olivine basalts display a
microglomero to microporphyritic texture with arteérsectal to subophitic groundmass. The olivine
microphenocrysts (<10% modal) are bipyramidal aledal, in a matrix formed by an aggregate of
plagioclase, ortho and clinopyroxene. Clinopyroxd&asalts are the predominant lithology in the
DFm. In the porphyritic facies, ortho and clinopyeae are idiomorphic and milimetric in size. The
high modal abundance of clinopyroxene and presehoeaction rims in some samples suggests that
they are cumulate phases. The matrix also inclyptegioclase, olivine, Fe-Ti spinel, ilmenite and
magnetite. In the plagioclase and clinopyroxenalsshe amygdale concentration in horizons often
defines a flow banding. These rocks are charaetty plagioclase phenocrysts (<20% modal; 1-2
mm in size) with ophitic and trachytic textures.eTandesitic basalts typically exhibit plagioclase
phenocrysts (<1 cm length) in a fluidal groundmigsis in microprisms of the same mineral (<45%
modal). The aphanitic basalts are commonly vesiand consist of aligned plagioclase grains (<0.5
mm length, 0-15% modal) in a micro and cryptocrisia matrix composed of plagioclase,
clinopyroxene and magnetite. In the amygdaloidalef® the vesicles are 0.5-10 mm in diameter,
and are filled with calcite, quartz, chlorite, puefipte, albite, prenhite, yellow epidote and

cryptocrystalline material.

The intrusive rocks of the DFm comprise ortho almbpyroxene dolerites, clinopyroxene dolerites,
microgabbros and ferrodolerites. Petrographicatlye ortho and clinopyroxene dolerites are
composed of a framework of medium-to-fine graindalgipclase prisms, encompassed by large

clinopyroxene poikilitic grains, with interstitiabrthopyroxene and skeletal magnetite. In the
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clinopyroxene dolerites, plagioclase forms intevgits of large sub-idiomorphic prisms, which host
small acicular prisms of clino and orthopyroxeneneTferrodolerites consist of interlocking

plagioclase microphenocrysts, clinopyroxene agdesgand abundant skeletal grains of magnetite.

Macroscopically, the monogenetic auto-breccias lzagiark reddish-brown colour and are markedly
heterogranular. They are composed by angular te@utded lithic clasts of similar basalt (<15 cm),
cemented by quartz and calcite. The polygeneticdgie and microbreccias are composed of sub-
angular lithic clasts of basaltic nature (>65%ggimnents of plagioclase, ortho and clinopyroxene
crystals (<15%), or their pseudomorphs, and s#éidipalagonitised glass (<20%) in a sparse micro-
to cryptocrystalline matrix (<5%), cemented by dmand calcite. The lithic fragments have fluidal,
microporphyritic, aphanitic and doleritic textur@siffs deposits are brown to green in colour ared ar
composed of fine-to-coarse-grained, angular to andular fragments of basalt. Under the
microscope, the fragments are of glassy and sawis nature (>90%), containing "Y"-shaped
spicules and triple points, often crushed and deéal, suggesting a still hot deposition. They also

include fragmented pseudomorphs (<5%) of clinopgrexand plagioclase.

3.2. Post-magmatic alteration

All volcanic facies are affected by a post-magmahtidrothermal alteration, usually accompanied by
a static mineral replacement (Fig. 3). It produaegriable growth of prenhite, pumpellyte, albite,
chlorite, brown mica, sericite, white mica, calcitgellow epidote and Fe-oxides, which form
poikilitic and pseudomorphic textures. They indecateolite, prenhite-pumpellyte and low-T
greenschist facies metamorphism. This hydrothemttafation is often associated with a network of
veins and patches, millimetre-to-centimetre-thiiked by a white-blue aggregate of carbonates,
zeolites and pectolite (larimar). A supergene atten is variably superimposed and characterised by

a red staining of the rocks by Fe oxides.
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4.*°Ar/*°Ar Geochronology

Two samples of the DFm were selected ftr/*°Ar analysis (Fig. 4) with the aim of dating the
cooling ages of the magmas. The methodology anddhwlete data set of the incremental heating
“OAr-3°Ar experiments are included in Appendix A and Bl adies are quoted at the Zevel of
uncertainty. Sample 59691-JE9623 is a very higiNbiaphyric basalt, of transitional affinity, from
the Enriquillo sector. For ten steps (1-10), theabted plateau age from whole rock is 74.2+1.7 Ma
representing 99.6% of thEAr released. Therefore, the DFm includes basaitsted in the late
Campanian (age scale of Gradstein et al., 2012npfa 597011-MJ9150 consists of a fresh,
unfractionated (Mg#=56) dolerite dyke intrusivepervasively altered basalts, located on the coast
road south to Bahoruco. Ti and Nb contents, as agelither geochemical characteristics, are typical
of transitional basalts (Appendix C). For nine stép-9), the obtained plateau age of whole-rock is
52.8+1.7 Ma for 99.9% of th&Ar released. A magmatic event of lower Eocene hgesfore exists

in the Sierra of Bahoruco, which post-dates thediyetrmal alteration processes.

5. Geochemistry

5.1. Chemical changes due to alteration and metamuphism

The analytical techniques and methods used toroltt@i bulk-rock composition of samples of the
DFm are described in Appendix A. The analyticalulss including data of the accuracy and
reproducibility, are included in Appendix C. Theatysed basalts have been variably altered and
metamorphosed from zeolite to greenschist facieslitons. Major (e.g., Si, Na, K, Ca) and trace
(e.g., Cs, Rb, Ba, Sr) element contents may haen leerefore mobilised by low-T alteration
processes. However, the HFSE (Y, Zr, Hf, Ti, Nb dad, REE, transition elements (V, Cr, Ni and
Sc) and Th, are generally unchanged under a widgeraf metamorphic conditions, including
seafloor alteration at low to moderate water/roatios (Bienvenu et al., 1990). In this work, the

geochemical characterization of the DFm and theogenhetic discussion will be based mostly on the
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HFSE and REE, as it can be assumed that they waresignificantly affected by alteration or

metamorphism. The good correlation obtained wheis piotted against Th, Nb, La, Sm, Ti and Yb
further confirms that these elements are relatiimiyobile, and the differences that arise are due t
varying degrees of partial melting, differencestl® mantle source or the result of magmatic

differentiation.

5.2. Major and trace element compositions

The geochemical characteristics of the DFm in tieer& de Bahoruco are presented in Figs. 5, 6 and
7. As evidenced by the low SiGnd KO contents, and high values of loss on ignition It
wt.%), these volcanic experienced a variable degfésgdrothermal alteration. For a restricted range
in SIO, (46.5-48.6 wt.%), and excluding the obviously @tk samples, the basaltic rocks have
relatively high alkali, TiQ, P,Os and FgOsr contents, for relative low CaO and @k contents
(Appendix C). On the basis of MgO contents (Fig. €§mples can be classified as tholeiitic (<8
wt.%) and high-Mg basalts (8-12 wt.% MgO). Picritompositions are probably represented by
pyroxene-rich cumulate lavas, which were not aralydn a N-MORB-normalised multi-element
plot (Fig. 7), the samples have LREE enriched (fic§{=0.8-3.4) and depleted HREE
([Sm/YDb]\=0.8-6.5) patterns, with moderate to very high Mintents (2.8-162 ppm). They do not
have positive Pb, K and Sr spikes, and negativeTallanomalies, typical of subduction-related
rocks. However, some samples have a selectiveheneiot in Rb, Ba and U, as well as a strong
depletion in K, which probably results from seafltwydrothermal alteration. The slight positive Ti

anomaly present in some evolved basalts can bedeia Fe-Ti oxide accumulation.

Based on the Ti©content, multi-element pattern and values of ingatible trace elements ratios,
three geochemical groups can be identified in thenDIlow-Ti tholeiites (group 1); high-Ti or

transitional basalts (group Il); and high-Ti andERenriched alkaline basalts (group IIl). Group |
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magmas also occur as dykes in the basalts of grivwp®l Ill. The lower degree of hydrothermal

alteration of group | rocks is also consistent vifittm being younger.

Low-Ti tholeiites (group 1)This group is represented by basaltic flows ancragabbroic/doleritic
dykes, which have primitive or slightly fractiondtenagma compositions (Mg#=66-49). For
relatively high MgO contents, the TiOZr and Nb contents are low (Appendix C). Theyéhaigh

Cr and Ni contents and Th concentrations are velgtiow. The Nb/Y values are typical of tholeiitic
magmas. In a primitive mantle (N) extended REE wiag they are characterised by flat patterns
([La/Yb]n=0.7-1.2; Fig. 8a), without fractionation of LREHL#&/Nd]y=0.8-1.0) and HREE
([Sm/YDb]\=0.8-1.2), minor positive anomalies in Nb (relatiee Th and La, Nb*=1.1-1.8; where

Nb*=0,3618*Nb/(Th*La)"0,5), and no negative Zr-Hf@naly.

High-Ti transitional basalts (group W)This group is represented by transitional bas#tias, which
have slightly fractionated compositions (Mg#=57-329r similar ranges of MgO, the Ti(¥Zr, and
Nb contents are higher than those of group I. Gramdl Th contents are also comparatively high.
Nb/Y values are typical of transitional magmas. yfheve extended REE patterns (Fig. 8b)
characterised by flat LREE ([La/Ng}1.1-1.3), HREE depletion ([Sm/Y{p$2.4-2.6), and slightly

positive anomalies in Nb (Nb*=1.3-1.7).

High-Ti and LREE-enriched alkaline basalts (grodi).I The group includes olivine, clinopyroxene
and plagioclase-phyric basalts, which have modirétactionated compositions (Mg#=52-45). For
the highest Ti@ contents, the group Il lavas are also enriche&eén The CaO contents are high,
which may be due to the plagioclase accumulatiothenmagmas and/or to carbonation processes
during the late alteration, as suggested by thke-h@l valuesThe Nb/Y values are typical of alkali

magmas. For lower MgO contents, the Zr and Nb canagons are higher than in groups | and II.
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Cr and Ni values are relatively low and indicateaatted fractionation of the magmas. Th contents
are the highest found in the DFm. The group Il s have extended REE patterns with extreme
negative slopes ([La/Yk¥F25-59; Fig. 8c). Compared with the group Il samaptiese basalts have a
marked LREE enrichment ([La/Ng#2.6-3.4) and a greater depletion in HREE ([Sm{¥d]0-7.3).
They show very slight positive anomalies in Nb (Nb*0-1.8), Eu or Ti, but distinct negative Zr-Hf

anomalies (Fig. 8c).

6. Interpretation

6.1. Magmatic context of the Dumisseau Fm

The DFm in the Sierra de Bahoruco consists of & ki-thick sequence of volcanic rocks of
essentially basaltic composition. The presence ibbwslavas with quench textures, the rare
interbedded lenses of chert and pelagic limestane, the nature and pervasive character of the
hydrothermal alteration indicate that all volcafécies were erupted in a relatively deep marine
environment. The mineral assemblages of the premhiimpellyte to low-T greenschist facies and
the pseudomorphic replacement textures producemhgliine alteration are typical of a seafloor
hydrothermal metamorphism. No evidence of subaerightions has been found. The prevalence of
subaqueous lava facies, the high effusive ratesaded by the scarcity of intercalated sediments, th
almost exclusively basaltic compositions, and taed-elements contents and ratios, suggest that the
DFm is the result of an oceanic intraplate magmagisoduced by high melting rates induced by a
mantle plume (e.g., Kerr, 2003). The DFm experidngglift and was unconformably covered by

shallow, red-algae limestones in the middle Eo¢@éeez-Valera and Abad, 2010)

6.2. Age of the Dumisseau Fm in the Sierra de Bahato
The “°Ar/**Ar age obtained for basalt 59691-JE9623 indicatdsusive activity at least during the

late Campanian (~74 Ma). The age of ~53Ma obtaimedhe unaltered dyke 597011-MJ9150
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indicates the formation of transitional magmas|uhe lower Eocene. As this dyke intrudes basalts
the affected by the pervasive hydrothermal alteratihis last process is probably pre-lower Eocene.
The Fig. 4c includes stratigraphic columns &fat-3°Ar ages for the CLIP units in Hispaniola as
well as other relevant areas, which allow us toetate magmatic events along the northern edge of
the Caribbean plate. As shown, the basalts of i@ ih the Sierra de Bahoruco are similar in age to
those of the upper basalts of the DFm in Haiti (8tal., 1988), confirming their correlation. The
basalts of the Pelona-Pico Duarte Fm in the CemdilCentral have yieldédAr-*°Ar ages of 79-68
Ma (middle Campanian to Maastrichtian; Escuder-&lieuet al., 2011a) also result from a similar
event. The basalts of the Siete Cabezas Fm inatster® Cordillera Central also belong to this event
as they have yielde@’Ar-3°Ar ages of 69-68 Ma (Sinton et al., 1998) and dontatercalated
radiolarites of middle Campanian to Maastrichtiye gMontgomery and Pessagno, 1999). These
ages are similar to those of the Nb-rich mafic awvh the Sabana Grande Fm in SW Puerto Rico
(Campanian; Jolly et al., 2007) and the main magnaattivity recorded in the Beata Ridge (80-75
Ma; Révillon et al. 2000), all attributed to the IEL Temporarily, this Campanian magmatism may
be correlated to the third phase of the CLIP cowsion of Kerr et al. (2002), as well as with pairt
oceanic complexes of the Pacific coast of Costa Ritauffet al., 2000; Hoernle et al., 2004; Denyer
et al., 2006)However, these relationships do not rule out that@Fm in the Sierra de Bahoruco

also contains older volcanic rocks of the CLIP.

On the Beata Ridge 55-53 Ma gabbros and dolerdags been dated by Révillon et al. (2000). As in
the case of the dyke of the DFm intruded at ~53Mese younger magmas are geochemically and
isotopically similar to the older mafic rocks (86-Ma), providing evidence of a long magmatic
activity in the CLIP. To account for the severalgmetic phases over time in the Beata Ridge and
Cordillera Central in Hispaniola, Révillon et a2000) and Escuder-Viruete et al. (2011) propose

that melting could be due to geodynamic processeslated to mantle plumes, such as late



pp. 17

lithosphere thinning in the Caribbean Plate andlzatic melting of upwelling enriched mantle.
Révillon et al. (2000), proposed that the 55-53 pltiase had an extensional origin localised in the
Beata Ridge. These extensional tectonics may dfeatats northern extension in the Sierra of

Bahoruco.

6.3. Geochemical diversity of the Dumisseau Fm

Taken together, the Mg# values of 66-47 indicatd the mafic magmas of the DFm experienced
low to moderate amounts of fractionation. The asstiow an increase of SiONO,, FeO;, CaO,
Al,Os, alkalis, Zr and Nb, and a decrease in Cr andNdécreasing MgO (not all shown in Fig. 6).
These trends are tholeiitic and can be attribubeithé fractionation of olivine plus spinel, clinada
orthopyroxene, and plagioclase, observed as micemqcrysts in the less fractionated lavas, as well
as Fe-Ti oxides (ilmenite and Ti-magnetite) in there evolved. Based on Nb/Y and Zr/Tifatios
(Fig. 5c), the samples are tholeiitic, transitionad alkalic basalts. In the tectonic discriminatio
diagrams of Wood (1980) and Meschede (1986), thetygonsistently in the within-plate tholeiitic
and alkalic basalt fields (Fig. 5a, b). Thesegrag and the values of the Ti/V>20 (Fig. 5d) and
Zr/INb<15 (Fig. 6f) ratios, are characteristic of dmeon day transitional and alkalic oceanic-island
basalts (Pearce, 2008jowever, the existing compositional diversity iraties a different mantle
source for the magmas of each geochemical grodipeoDFm. In this sense, the low contents of Ti
and low absolute abundances of REE (~10xN) of thamgl suggest a source dominated by depleted
mantle; the higher Ti@and REE contents at a given MgO concentrationyelsas the absence of
Zr-Hf negative anomalies, of the group Il suggestae enriched magma source than in the group I;
and the highest Ti£and REE contents at a given MgO concentratioh@troup Il suggest a more

enriched mantle source than in group II.

Figures 7 and 9 show the compositional rangeseottitee groups of basalts sampled in the DFm, as
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well as those of several CLIP units in Hispani®@aata Ridge, SW Puerto Rico and Blue Mountain
inlier of Jamaica. These data help us to strengtiremnegional correlations between magmatic events
previously based on geochronological arguments.sAswn, the group | tholeiitic basalts are
geochemically similar to the basalts of the Dumass€m in the Massif de la Hotte analysed by
Sinton et al. (2000), the dolerites and gabbrospéednn the Beata Ridge (Révillon et al., 2000 th
basalts drilled at the DSDP Leg 15 (except 151; Staton et al., 2000), the basalts of the Siete
Cabezas Fm (Escuder-Viruete et al., 2008, 20101&04nd the basalts of the Bath Dunrobin Fm of
Jamaica (Hastie et al., 2009). The geochemicalachernistics of all these tholeiites are common in
most of the mafic lavas of the CLIP and suggesimalay relatively depleted mantle source (e.qg.,
Kerr et al., 2002). The group Il transitional bésaif the DFm are compositionally similar to the
basalts of the DFm in Haiti analysed by Loewenlef2913), the basalts of the Pelona-Pico Duarte
Fm in the Cordillera Central (Escuder-Viruete et2011a), and the basalts of the north facieb®f t
Upper Cajul Fm in SW Puerto Rico (Jolly et al., 20Qidiak et al., 2011) (Fig. 9). The group Il
alkaline basalts are comparable to basalts of geteBRidge (Révillon et al., 2000) and the south
facies of the Upper Cajul Fm (Jolly et al., 200Ve geochemical characteristics of the groups Il
and Il samples are typical of transitional andadike OIB and require a deeper and enriched garnet-
bearing mantle source, than those for group |. imreary, petrological, geochemical and
geochronological data indicate that the igneousemast of the Sierra de Bahoruco is
compositionally similar and coeval with the extemsimafic volcanism of the late Cretaceous
Caribbean plateau and, therefore, the DFm is aandnsection the CLIP, which continues through

the Beata Ridge.

Although, the volcanic rocks of the DFm exhibit eodd compositional diversity likely due to
different melting histories, none of the three gr@show evidence of a subduction component in

their petrogenesis. i.e., they have no negativeEH&8omalies. Proxies of mantle-crust interaction
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(Th-Nb) and melting depth (Ti#aNb) of Pearce (2008) indicate no involvement o ttrustin
generation of the DFm basalts (Fig. 10a; or Nb/Thr8Fig. 6e), either by direct crustal
contamination or crustal recycling by subductionva inherited subduction components in the
lithosphere. Therefore, the tectonic block of tier@ de Bahoruco shows no genetic relationship to
the Caribbean island-arc, which forms the ignecasement in the northern and eastern sectors of

the Dominican Republic.

6.4. Trace element modelling: dynamic melting andature of the source

The petrogenesis of the DFm can be characterisedgh the trace element modelling of the mantle
melting processes. The REE composition of a mait loa particularly diagnostic of the source
mineralogy and degree of melting. For this reaspmel Iherzolite and garnet Iherzolite melting
models were used to test the influence of sourceeralogy on REE concentrations, and on
LREE/HREE and MREE/HREE ratios (in this study cliate-normalised [La/Yhk] and [Tb/YDbE).

The results were the compared with the least edateenpositions of the DFm basalts.

The details of the model starting mineralogieskpartition coefficients, and source compositions
are summarised in Escuder-Viruete et al. (2011d)iamAppendix D. The equation used to derive
the melting curves in Fig. 11 is the aggregated-modal fractional melting equation of Shaw

(1970):
[xi] = [X o] (1/Do) (1- ((P F)/Dy))*F~ 1

where X, is the concentration in the liquid, is the concentration in the sourd®, is the bulk

partition coefficientF is the degree of melting afis the proportion each phase contributes to the
melt. The results of these calculations suggestttleaDFm basaltic melts may have been produced
by variable amounts of melting in the garnet (~-3.5-GPa) and spinel lherzolite (~2.5-0.9 GPa)

stability fields (Fig. 11). The three geochemicabups defined in the DFm are characterised by
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different [La/Ybk and [Tb/Yb}L ratios, which represent various modelled mixtucésmelts
produced in the garnet and spinel lherzolite fiedaisl degrees of melting: group | tholeiites are
shallow melts produced in the spinel Iherzolitédfigroup Il transitional basalts result from migin

of 25-40% melts produced at high P in the garnetzblite field with 60-75% melts produced at low
pressure in the spinel lherzolite field; and gréli@lkaline basalts are formed from mixing of 75-
85% melts produced in the garnet lherzolite fielthvt5-25% melts produced in the spinel Iherzolite
field. The results of the modelling also indicatattgroups Il and Il samples represent aggregate
melts formed by low melting extents (1-6%) at highbut group | samples require more extensive
melting (4-15%) at low-P (Fig. 11). Therefore, #dlc, transitional and alkaline basalts can be
interpreted as aggregate melts produced from ngettiroughout the depth of the melting column.
Basaltic melts generated and incorporated at @iffemantle depths are most probably consequence
of the melting processes in an upwelling heterogeseplume (e.g., Kerr and Mahoney, 2007;
Greene et al., 2009). On the other hand, field détn indicates that groups Il and Ill magmas are
older than group | magma#. these relations are confirmed by new geochragickl data, the
sources of the DFm can be interpreted to have beatallower and more depleted over time, which

is also consistent with the upwelling of a hot ptuomder the oceanic crust.

To further test this hypothesis, dynamic meltingdels were used to simulate the progressive
decompression melting in a mantle plume. For thenDifasalts, the evolution of the trace element
concentrations was simulated using the melting mofl&Zou and Reid (2001), in which mantle
melting at P>1GPa involves incongruent melting wotivine being produced during the reaction:
spinel+orthopyroxene+clinopyroxene = olivine+maedt Spinel lherzolites. The model parameters
and results are described in Fig. 12 and in theeAdix D. The modelling comprises three stages: (a)
melting of garnet lherzolite to form group Il alkee basalts; (b) melting of garnet and spinel
lherzolite to produce group Il transitional basadtsd (c) melting of spinel Iherzolite to formgrolup

tholeiites. Alkaline basalts are consistent witlowa degree of melting (0.05-4%) of garnet lheraolit
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(Fig. 12a). Transitional basalts involved meltifgboth garnet and spinel Iherzolite and represent
aggregate melts produced from continuous meltinguifhout the melting column (Fig. 12b). The

2:3 to 1:3 ratios of garnet and spinel Iherzoliteltnprovide the best results. Therefore, melts doul

have involved lesser amounts of deeper and enrishiedl-degree melts (1-6% melting) and greater
proportions of shallower and depleted high-degre#sn(3-9%). Tholeiites require high degrees of
melting (8-20%) of a spinel Iherzolite source (Figc), similar to results based on trace element
ratios discussed above. On the other hand, thelenpatential temperatures for primary magma
compositions computed using PRIMELT3 code (Herzlzarg Asimow, 2015) are 1453-1517 °C for

tholeiites, 1473-1514 °C for transitional basadtsg 1453-1492 °C for alkaline rocks. These mantle
temperatures are hotter than below oceanic sprgaeintres and are indicative of a thermal anomaly

of 200-300°C, which are consistent with a mantier@ source for the DFm rocks.

The Fig. 11 also includes the compositional fietdsthe CLIP units outcropping in Hispaniola
(Escuder-Viruete et al., 2010, 2011a) and the Beadge (Révillon et al., 2000), as well as the
drilled basalts in the DSDP 146-153 sites (excejd; e-analysed by Jolly et al., 2007) in the
Caribbean basin. As can be seen, the basalts @i¢te Cabezas Fm, the gabbros and dolerites of
the Beata Ridge, and most of the samples from DSD®,similar in composition to the melts
modelled by melting of spinel Iherzolite. The résuhdicate varying degrees of melting (from 1.5 to
15%) of this source, which are generally higher floe Siete Cabezas Fm. However, a small
contribution of melts generated in the garnet $itgldield (<1%) cannot be ruled out. This shallow
and relatively depleted source is similar to thokée group | tholeiites of the DFm. However, the
basalts of the Pelona-Pico Duarte Fm, the BeatgeRidnd the DSDP 151 site are akin to melt
mixtures involving a garnet lherzolite. This deeyl aelatively enriched source is similar to those o
the groups Il and Ill of the Dumisseau Fm, paraeiyl the transitional basalts. The results of the

dynamic melting models shown in the Fig. 12 alsdidate the existence of different sources and
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melting histories in the petrogenesis of the DFs\weell as other units of the CLIP in the late
Cretaceous. Transitional and alkaline basalts@fibmisseau Fm in Haiti (Loewen et al., 2013), the
Beata Ridge (Révillon et al., 2000) and the UppajuCFm in SW Puerto Rico (Lolly et al., 2007;
Lidiak et al., 2011), also involve deep meltinggafnet and spinel Iherzolites, while the dolerdad
gabbros of the Beata Ridge require a higher degfemrelting of a shallower and depleted spinel

Iherzolite. These relationships also reinforce thatDFm is part of the CLIP.

6.5. Tectonomagmatic model for the late Cretaceousagmatism of the CLIP

Fitton et al. (1997) and Kerr et al. (1997, 200@ydéashown that CLIP basalts fall in the log Zr/\¢-lo
Nb/Y diagram between the two lines that definelt®dand plume-derived lavas. In the Fig. 10b, the
volcanic rocks of the DFm fall between these tvmedi, above thANDb line between plume and non-
plume sources, which suggests that the parentaimasgvere also derived from a general plume-
influenced source. In this sense, the range of ZdNes for the group | samples matches those of
the MORSB field (exemplified with the Eastern PaciRise MORB field), but at higher Nb/Y values
and above tha&Nb line. The group | samples may derive therefooenfmelting of a Nb-enriched,
shallow Iherzolite source. This source could beted bellow, or near, a center of oceanic opening,
or in areas of the Caribbean basin subject to cgmdeaneous lithospheric extension (Driscoll and
Diebold, 1999; Révillon et al., 2000; Mauffret &t 2000; Escuder-Viruete et al., 2008, 2011a). The
geochemical similarity of basalts of the Siete QalseFm, the dolerites and gabbros of the Beata
Ridge, the DSDP Leg 15 and part of the Upper CBjul of SW Puerto Rico suggests a similar
shallow Iherzolite source. The group Il sampleshaf DFm and the South Facies of the Upper Cajul
Fm plot at highest Zr/Y values, near the more émacmantle sources, and may result from melting
of a deeper and enriched source as garnet lherzGibup Il samples also plot at high Zr/Y values
in an intermediate position between groups | ahddimples, and may derive from a mixture of

respective spinel and garnet Iherzolite sourceg®asslts of the Pelona-Pico Duarte Fm, the DSDP
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151 site, and the Dumisseau Fm in Haiti.

These petrogenetic relations can be explained byntbdel proposed by Escuder-Viruete et al.
(2011a, 2013), in which the Campanian plume-relategymatism of the CLIP took place in the
back-arc area of the intraoceanic Caribbean iskanmd In the late Cretaceous, the SW-directed
subduction of proto-Caribbean oceanic lithospheoglpced the Caribbean arc migration toward the
NE by rollback (Fig. 13). The initial extensiontbi island-arc induced by rollback (90-88 Ma), was
later expanded to the back-arc area (85-80 Ma)reftwe, the upper Caribbean Plate would be
subject to crustal extension processes, which eaéintled to the opening of an oceanic ridge
characterised by magmatism unaffected by subdugtarticularly its SW side opposite to the arc.
The ridge and/or the crustal extension producessméiose shallow source would be modified by
an enriched plume component, incorporated by latéoa in the mantle from the SW. These
relatively enriched MORB type melts would lead e tgroup | tholeiites of the DFm, as well as
similar compositional basalts of other CLIP unitsCampanian age. In contrast, the OIB type melts
result from a deeper and enriched plume sourcetddcin the back-arc area and unconnected with
the centre of oceanic opening. These melts wouddltréhe transitional and alkaline basalts of the
DFm and Pelona-Pico Duarte Fm during the 80-68 Mg tinterval (Campanian-Maastrichtian).
This tectonomagmatic model is compatible with thdespread and rapid eruption of basaltic flows
associated with the extensional deformation of @exibbean plate prior to the Campanian-
Maastrichtian, based on the seismic data of Diebkoldl. (1999) and Driscoll and Diebold (1999).
The mantle plume process in the Caribbean basin Ioeagimilar to the Samoan and Louisville
plumes affecting the opening of the Lau Basin (Weatdhl., 1997; Turner and Hawkesworth, 1998),
or the plume-related back-arc spreading in the ®lorBasin (Sdrolias et al., 2004). The arc-
continent collision during the latest Maastrichti@nlower Eocene led to the cessation of the arc

magmatism and, indirectly, to the volumetricallypiontant episodes of plume magmatism in the
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Caribbean back-arc basin.
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FIGURE CAPTIONS

Fig. 1. (a) Map of the northeastern Caribbean piagegin (see inset for location in the Caribbean)
showing location of the on land CLIP units (in reg)ate boundaries and main tectonic
features. The position of the DSDP sites (Legsd ), ODP Sites (Leg 165) aihutica
dive locations (triangles; Révillon et al., 2000¢ @ndicated. SFZ, Septentrional fault zone;
EPGFZ; Enriquillo-Platain Garden Fault Zone, CGREZrro Golden Fault Zone; MTB,
Muertos Thrust Belt; MP, Mona Passage; MC, Monaydan NHDB, North Hispaniola
Deformed Belt; HP, Haiti Plateau; BE, Beata Escampet; HE, Hess Escarpement; VDB,
Venezuela Deformed Belt. CLIP units in the Corddle€Central: DC; Duarte Complex, SC;
Siete Cabezas Fm; PPD; Pelona-Pico Duarte Fm. @ihér units: DF; Dumisseau Fm, BD;
Bath-Dunrobin Fm, SWPR; SW Puerto Rico. (b) Singdif geological map of southern

Hispaniola including the Sierra de Bahoruco inEfeminican Republic. Box shows location
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of the studied area. (c) Schematic geological nfagh® eastern Sierra de Bahoruco (mod.
from Abad, 2010; Joubert, 2010; Pérez Valera, 28hdwing location of samples collected
in the Dumisseau Formation.

Fig. 2. Microphotographs of the volcanic rocks: @livine (OI) micro-phyric basalt, PPL. (b)
Elongated orthopyroxene (Opx) and clinopyroxenexjGyric basalt. Note twining in the
titano-augite fenocryst. (c) Ortho and clinopyroggohyric basalt. (d) Clinopyroxene and
plagioclase (Pl) afanitic basalt, PPL. (e) Vesicuad altered andesitic basalt, PPL. (f)
Polygenetic, lithic and basaltic breccia and miceabia; (g) coarse-grained vitric tuff; and
(h) Ortho and clinopyroxene bearing dolerite, PRAidth of field=5 mm, except in (a) where
width of field=2.2 mm. PPL=plane polarised light.

Fig. 3. Microphotographs of the altered volcanicksa (a) Microgabbro con hydrothermal alteration.
Note elongated plagioclase (Pl) variably pseudommedpby albite (Ab) and Fe-rich epidote
(Ep) in a re-crystallised matrix of albite, epidotdlorite (Chl) and sericite (Ser). PPL. (b)
Plagioclase-phyric basalt afected by the hydrotlaératieration. Note the neoformation of
brown mica (Bt), white mica (Ms), chlorite and &hiPPLWidth of field=5 mm. PPL=plane
polarised light.

Fig. 4. (a and b°Ar/*°Ar spectrum of whole rock in samples from DumissEauin the Sierra de
Bahoruco. The plateau ages were calculated follpw@&echniques described in Appendix A.
Plateau steps are filled and rejected openS¢bematic stratigraphic columns of the CLIP in
several areas of the northeastern Caribbean Rtateding a summary of palaeontological
and geochronological ages. Sources: (a) Kerr 1887, 2002, 2009); (b) Sen et al. (1988);
(c) Révillon et al. (2000); (d) Jolly et al. (2004e) Escuder-Viruete et al. (2007, 2009;
2011); (f) Sinton et al. (1998); (g) Hastie et(@009); (h) Loewen et al. (2013); and (i) this
work. MMgCh, Middle Mariquita Chert; UMqCh, Upperaviquita Chert; UCj, Upper Cajul

Fm; Bgn, Boquerdn Fm; SbG, Sabana Grande Fm; Clemst@nza Fm; RFm, Restauracion
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Fm; PB, Pefia Blanca Fm; PPD, Pelona-Pico DuartaltsaBm; SC, Siete Cabezas Fm.
40Ar-39Ar ages include the error bars (i@)2Yellow bands correspond to the age ranges
obtained for the three main building phases of @héP. Time scale from Gradstein et al.,
(2012).

Fig. 5. (a) Hf-Nb-Th diagram with fields defined Wood (1980), (b) Nb-Zr-Y plot with fields
defined by Meschede (1986), (c) Nb/Y versus ZrbTilagram of Winchester and Floyd
(1977), and (d) Ti-V diagram for volcanic rocksthé Dumisseau Fm in Sierra de Bahoruco.

Fig. 6. TIQ, Al,Os, FeOs, Nb, Zr/Nb versus MgO, and Nb/Th versus Y, for thedcanic rocks of
the Dumisseau Fm in Sierra de Bahoruco. Data flmrBeata Ridge (Révillon et al., 2000),
DSDP drilling sites (Sinton et al., 1998; Jollyadt 2007; Lidiak et al., 2011), Pelona-Pico
Duarte and Siete Cabezas Fm (Escuder-Viruete ,e2@09, 2010, 2011), northern (N) and
southern (S) facies of the Upper Cajul Fm in SWrRRuRico (Jolly et al., 2007; Lidiak et al.,
2011) and the Dumisseau Fm in Haiti (Sen et aB81%oewen et al., 2013) are shown for
comparisons. Also indicated in (a) are 5% fractiagstallization vectors for olivine (Ol),
clinopyroxene (Cpx), and plagioclase (PI), deteedifrom an average composition.

Fig. 7. N-MORB-normalised multi-element plots ftwetvolcanic rocks of the Dumisseau Fm in the
Sierra de Bahoruco: (a) group |, (b) group Il,g®@up lll, and (d) samples of Dumisseau Fm
from the Massif de la Hotte in Haiti (for referesceee Fig. 6). Normalisation values are
taken from Sun and McDonough (1989).

Fig. 8. Primitive mantle-normalised extended RE&$for the volcanic rocks of the Dumisseau Fm
in the Sierra de Bahoruco and Haiti, Beata RidgeDP Leg 15, and Cajul Fm of SW Puerto
Rico. Normalisation values are taken from Sun amiDbhough (1989).

Fig. 9. N-MORB-normalised multi-element plots fdret geochemically groups defined in the
Dumisseau Fm, which are compared to representaivé® units of the northeastern

Caribbean Plate (for references of the data seelkig
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Fig. 10. Samples of the Dumisseau Fm in the Sider&ahoruco plotted in the Nb/Yb vs Th/Yb
(Pearce, 2008) and Nb/Y vs Zr/Y (Fitton et al., IP®bg-log diagrams. Fields of fragments
of the CLIP in SW Puerto Rico, Jamaica, and Beatlgd& as well as the Dumisseau Fm in
Haiti, the Pelona-Pico Duarte and the Siete CabEmasn the Dominican Republic are also
plotted (references in Fig. 6). In (a) MORB-OIB &y average composition of continental
crust (CC) and Archean crust (A), % of subductionez (SZ) component in the wedge and
assimilation-fractional crystallization (AFC) modelare from Pearce (2008), and the
Caribbean island arc data in Hispaniola compiledEbguder-Viruete et al. (2009, 2010). All
geochemical groups of the DFm in the Sierra of Batwo lie within the MORB-OIB array,
as well as data of the other late Cretaceous ChiB,usuggesting mantle sources variably
modified by an enriched mantle component, withaueraction with a crustal input by
contamination or subduction. In (b) the differeebghemical groups of the DFm and CLIP
units plot within the tramlines defined by Icelamdnantle plume lavas. Abbreviations: PM,;
primitive mantle, DM; shallow depleted mantle, EMhd EM2; enriched mantle sources;
MORB; normal ocean ridge basalt, OIB; oceanic idlaasalt (from Condie, 2005).

Fig. 11. (a) and (b) (La/Ybk)versus (Th/YR) diagrams with the results of the non-modal aggezha
melt calculations for spinel lherzolite and gartiedrzolite assemblages (solid lines). Grey
lines shows mixing between melts produced by véarialegrees of spinel |herzolite melt
mixed with 1.2% to 4.0% melt of garnet lherzoli@pen star in the lower left hand corner is
the depleted mantle composition of Salters andcktrg2004), used as the source in the
modelling (for details see Appendix D). The arrow the right in (b) shows the general
direction in which crystal fractionation proceed®oth group Il and Il basalts of the
Dumisseau Fm plot well above the curve generatedspinel lherzolite melting in the
diagram, suggesting that part of the melt genarafoo these types occurred in the garnet

Iherzolite field. A similar source can be estaldidtior the Pelona-Pico Duarte Fm and Beata
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Ridge basalts, as well as samples of 151-sitee0oD8DP (references in Fig. 6). In contrast,
group | basalts and samples of the Siete Cabezaa$wmell as samples from the DSDP sites
and gabbros and dolerites of the Beata Ridge,quidhe lower left side of the diagrams (see
detail in b), indicating that melts produced by timgl in the spinel lherzolite field (i.e. at

lower pressure).

Fig. 12. Trace-element modelling results for inaoegt dynamic mantle melting for basalts of the

Dumisseau Fm following the melting model of Zou aRdid (2001). Three stages were
considered in the modelling: (a) melting of garihetzolite compared with group 1l alkaline
basalts; (b) melting of garnet and spinel Ihereatbmpared with group Il transitional basalts;
and (c) melting of spinel Iherzolite compared wgtioup | tholeiites. The results are indicated
with grey curves and labels, which mean % of mgltih each source. A 2:3 ratio of garnet
and spinel lherzolite melt is indicate in (b), wiimeans that for example 5% melting, 1%
melt in garnet facies and 4% melt in spinel faciés.combination of 0.8PM+0.1DM
components (PM, primitive mantle of Sun and McDagtgul1998; DM, depleted MORB
mantle of Salters and Stracke, 2004) was selectestharce composition. Details of the used
source composition, mineralogy, melt reaction doigfiits and partition coefficients of spinel

and garnet Iherzolites are included in the Appemdix

Fig. 13. Tectonomagmatic model for the evolutiontted northern margin of the Caribbean Plate,

modified from Escuder-Viruete et al. (2011a, 201@) After accretion/underplating of
terranes beneath the intra-oceanic Caribbean islemydrench roll-back is accompanied by
(composite) Caribbean arc extension, magmatic frorgration and resumption of arc
magmatism. Avanced arc rifting induces sinistrahsipression and transtension, as well as
syn-tectonic tonalitic plutonism in the Central Gilera. Forearc and trench turbiditic
sequences are deposited over and in front the stibdeaccretionary complex. Plume-

related magmatism in the CLIP is located in theilfb@an back-arc region. DC; Duarte
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Complex, CF; Constanza Fm. (b) After Caribbeannilarc-North America continent
collision (~60+£5 Ma) the subsequent tectonic evolutis controlled by the suture-zone
formation, the accretion of continental margin snstructural nappes) to the accretionary
wedge and their sequential exhumation by thrustioipwing a northeastward propagation
of deformation. (c) As a result of migration froimettrench, in the Caribbean back-arc and
intra-arc regions basins are formed (in the lasecaf unknown amplitude). Much of the
Caribbean plate was probably subjected to exterdumimg this stage (Driscoll and Diebold,
1999) and, favouring the formation of MORB-like maas by melting of a shallow enriched
source. Melts derived from a deeper Caribbean-plemched source are incorporated by
lateral flow from the SW and produced the OIB-likagmatism of the DFm. (d) Paleogene
evolution is characterised by the transfer of thiisional deformation to the intra- and back-
arc regions, where back thrusting and subductidaripp reversal took place (Kroehler et al.,
2011). As result, SW-directed compressional stmestare formed with uplift of the Central
Cordillera. Subduction at the Los Muertos trenchdke to the approach of the part of the
CLIP, which is composed by the Beata Ridge andSikera de Bahoruco-Chaine de la Serre.
(e) The Neogene and Quaternary evolution is chariged by the docking of the Sierra de

Bahoruco block, which cause its compressional dedftion and uplift.
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Figure 2
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Figure 3
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Highlights

The basaltic volcanism of the Dumisseau Fm is plume-related

It is composed of tholeiites, transitional and alkaline basalts.

It represents an emerged fragment of the CLIP



