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ABSTRACT

The aim of this study is twofold: to make a geological interpretation of available ground gravity and high reso-
lution airborne magnetic surveys carried out over the Dominican Republic, and to define the spatial limits of
key tectonic units of the Central Cordillera. Potential fields and petrophysical data allow the establishment of
the spatial limits and the relationships of the key tectonic units at local and regional scale. Therefore, gravity
and magnetic data have been integrated to produce models of the upper crustal structure across the Central
Cordillera following corresponding geological cross-sections that have been extended in depth. Since there
are no seismic or borehole data to constrain the models in our study area, modelling is based on potential
field data and the analysis of the physical properties that have been measured from surface rocks (586 den-
sity and magnetic susceptibility samples). The main features of the potential fields maps are: (1) NW-SE-tren-
ding anomalies delineating the main tectonic units, which coincide with the major strike-slip fault zones that
limit those units; (2) exceptional geophysical mapping examples of volcano-sedimentary units; and (3) signi-
ficant anomalies due to a magmatism widely spread all over Hispaniola Island. The modelling results reveal
the petrophysical heterogeneities and subsurface geometry of the tectonic units, faults and shear zones. The
model shows thatTireo Fm extends up to 7 km in depth. The Duarte Complex has been modelled as a layer
of ¢. 5-7 km in thickness beneath theTireo Fm and the S. Juan Basin. Some of the intrusive bodies may reach
depths of ¢. 8 km.

Key words: Central Cordillera-Dominican Republic, Density, Geophysical mapping, Magnetic susceptibility,
Potential field modelling.

Caracterizacion de los dominios tectonicos de la Republica dominicana,
con especial énfasis en la Cordillera Central, mediante datos aeromagnéticos
de alta resolucion, gravimetria regional y petrofisica

RESUMEN

El objetivo de este estudio es doble: realizar una interpretacion geoldgica de los datos de gravedad y aero-
magnetismo de alta resolucion disponibles en la Republica Dominicana, y definir los limites espaciales de las
principales unidades tectonicas de la Cordillera Central. Los datos geofisicos de campos potenciales junto
con datos petrofisicos permiten establecer los limites espaciales y las relaciones entre las unidades tectoni-
cas mas importantes tanto a escala local como regional; dichos datos se han integrado para obtener mode-
los de la corteza superior de la Cordillera Central a lo largo de dos cortes geoldgicos extendidos en profun-
didad. Como no existen datos sismicos o de sondeos, la modelizacion se basa en la interpretacion
cuantitativa de los campos potenciales y los datos petrofisicos de muestras recogidas para tal fin (586 medi-
das de densidad y susceptibilidad magnética).
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Las caracteristicas principales de los mapas de campos potenciales son: (1) Anomalias en direccion NO-
SE que definen las principales unidades tectonicas coincidiendo con las zonas de falla de desgarre que las
delimitan; (2) excepcionales ejemplos de cartografia geofisica de las unidades volcanosedimentarias y (3)
importantes anomalias debidas al magmatismo que ocupa gran parte de la isla de La Hispaniola. Los resul-
tados de la modelizacion muestran las heterogeneidades petrofisicas y la geometria en profundidad de las
unidades tectonicas, zonas de falla y de cizalla. La modelizacion muestra que la Fm. Tireo se extiende hasta
7 km de profundidad y que el Complejo Duarte es una capa de 5 a 7 km de espesor bajo la Fm. Tireo y la cuen-
ca de San Juan. Algunos batolitos llegan a alcanzar profundidades de 8 km.

Palabras clave: Cartografia geofisica, Cordillera Central-Republica Dominicana, Densidad, Susceptibilidad
magnética, Modelizacion de campos potenciales.

VERSION ABREVIADA EN CASTELLANO
Introduccion

La isla de La Espanola, que comprende Republica Dominicana y Haiti, esta situada en el margen norte de la
Placa del Caribe (Fig. 1). La Espanola incluye el registro mas completo de la historia geoldgica de la Placa del
Caribe desde el Jurdsico hasta el Presente (e.g. Mann et al., 1991, 1995). La evolucion tectonica reciente de la
isla ha dado lugar a una morfologia caracterizada por una alternancia de montanas y valles. La isla presenta
un marco tecténico complejo con muchas incertidumbres, que pueden ser abordadas mediante la interpre-
tacion de campos potenciales.

En 1995-96, bajo los auspicios del proyecto SYSMIN (SYstem for Safeguarding and developing MINeral
production, financiado por la UE para el desarrollo geolégico y minero de la Republica Dominicana) se llevo
a cabo un vuelo magnético y radiométrico de alta resolucion cuya interpretacion como apoyo a la cartogra-
fia geoldgica y la prospeccion minera se realizo en el marco de diversos subproyectos entre 1997 y 2004 (ver
Garcia-Lobon y Rey-Moral 2002a and b, and Garcia-Lobon y Ayala, 2005)

El objetivo de este trabajo es estudiar la estructura profunda de los dominios tectonicos de la Cordillera
Central ampliando las interpretaciones preliminares de Garcia-Lobon and Ayala (2007). Dado que no hay
datos sismicos o de sondeos, la integracion de datos magnéticos y gravimétricos, junto con el conocimiento
de la geologia de superficie y el andlisis petrofisico de muestras de las principales litologias permite estable-
cer los limites espaciales de sus unidades tectonicas mas relevantes, tanto a escala local como regional, y las
relaciones entre ellos. Se han construido dos modelos de la corteza superior que cruzan la Cordillera Central
en direccion NO-SE basados en la modelizacion de campos potenciales y petrofisica. Dichos modelos mues-
tran las relaciones entre litologias, su geometria y propiedades fisicas a nivel de basamento y la geometria
de las zonas de cizalla y de falla.

Contexto geoldgico

La geologia de La Hispaniola esta formada por un collage tectonico 250 km de ancho que contiene rocas igne-
as, metamorficas y volcano-sedimentarias de edades comprendidas entre el Jurasico Superior-Cretacico
Inferior hasta el Eoceno Medio formadas y acretadas en un contexto intraocednico de arco de isla (Bowin,
1975; Lewis and Draper, 1990; Mann et al., 1991, 1995). Durante el Eoceno y el Nedgeno, estos terrenos deri-
vados del arco de islas fueron yuxtapuestos a lo largo de zonas de cizalla de direccion ONO-OSE debido a la
colision oblicua del arco con la placa de Norte América a lo largo de la Plataforma de las Bahamas. Estas fallas
son, de N a S: Septentrional (SFZ), Hispaniola (HFZ), Bonao-La Guéacara (BGFZ), San Juan-Restauracion
(SJRFZ) y Enriquillo-Plantain Garden (EPGFZ) (Mann et al., 1991).

La estructura mas importante de la isla es la HFZ (Fig. 2), una falla de desgarre que cruza toda la isla con
un importante desplazamiento lateral que pone en contacto dos fragmentos de corteza distintos: el arco de
isla primitivo del Cretacico Inferior y la parte sur del plateau oceanico del Complejo Duarte y el arco de islas
del Cretacico Superior de la Fm. Tireo.

El presente estudio se centra en los dominios tectdnicos de la Cordillera Central, limitados al norte por la
HFZ y al sur por la SJURFZ (Figs. 2 y 3). Comprende una gruesa secuencia magmatica del Jurasico Superior-
Cretacico Superior que incluye una gran variedad de rocas plutdnicas, volcanicas, volcanoclasticas y sedi-
mentarias (pe. Escuder-Viruete et al., 2006-a, 2007). Estas rocas fueron deformadas y, en el caso de Duarte
Complex, metamorfizadas a facies de esquistos verdes y anfibolitas. Los cuatro dominios tectonicos en los
que se divide la Cordillera Central se muestran en la Fig. 3.
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Datos geofisicos, petrofisica y modelizacion 2.5D

Los datos aeromagnéticos (Fig. 4) y gravimétricos (anomalia de Bouguer, Fig. 5) se correlacionan con las prin-
cipales unidades tectdnicas y definen las zonas de desgarre que las delimitan. Los datos aeromagnéticos,
ademads, permiten cartografiar con precision las rocas magmaticas aflorantes o subaflorantes que se encuen-
tran repartidas por toda la isla.

Los datos petrofisicos, provenientes del analisis de 586 muestras, se han utilizado para caracterizar la den-
sidad y susceptibilidad magnética de las distintas litologias, datos que se han incorporado en la modelizacion
(Tabla |).

En la Cordillera Central se han realizado dos modelos 2.5D utilizando los datos magnéticos reducidos al
polo y la anomalia de Bouguer residual (Fig. 6A y 6B) con el objetivo de caracterizar en profundidad los Iimi-
tes laterales de los dominios tectdnicos, la naturaleza del basamento y la distribucion de densidades y sus-
ceptibilidades magnéticas en la corteza superior (Figs. 7, 8 y 9).

Resultados

Los resultados de la modelizacion muestran que la Fm. Tireo tiene un espesor entre 3 'y 7 km y esta plegada
y atravesada por cuerpos intrusivos de magnetizacion variable. Estos cuerpos llegar hasta 7.5 km de profun-
didad, alcanzando el techo del Complejo Duarte, una capa heterogénea de 5 a 7 km de espesor que se extien-
de desde la HFZ en el norte hasta debajo de la cuenca de San Juan, en el sur. Los sedimentos en la cuenca
de Cibao alcanzan los 6.5 km de profundidad y en la de San Juan, cerca de 6 km. La HFZ alcanza una pro-
fundidad minima de 11 km, alcanzando la base de la corteza superior. La modelizacion no muestra la exis-
tencia de despegues: secuencias geoldgicas de distinto origen como el Complejo Duarte y la Fm. Tireo apa-
recen plegados conjuntamente sin que se evidencien discontinuidades a gran escala en profundidad.

Conclusiones

- El andlisis petrofisico de las muestras ha permitido caracterizar la densidad y susceptibilidad magnética
de los principales dominios tectdnicos de la Republica Dominicana, en particular en la Cordillera Central.
Las densidades varian entre 2.31 Mg/m3 de las pizarras hasta 3.18 Mg/m3 de las eclogitas y la suscepti-
bilidad magnética oscila entre 2x10-5 Sl para los tuffs acidos hasta 10979x10-5 Sl para las rocas ultrabasi-
cas, reflejando la complejidad del marco tectdnico. Debido a que no se dispone de datos de sismica ni de
sondeos para restringir los modelos, los datos petrofisicos son fundamentales en la modelizacion.

- Diferencias en la fabrica magnética se pueden correlacionar con la composicion geoquimica lo que sugie-
re que distintos dominios corticales en la Cordillera Central fueron parte de diferentes dominios cortica-
les del arco de islas cretacico del Caribe, que inicialmente se formaron aparte y mas tarde se yuxtapusie-
ron como resultado del régimen tectonico transpresivo desde la colision arco-continente (Eoceno Medio).

- En los datos magnéticos se pueden identificar cinco dominios, que se correlacionan con los dominios
estructurales y estan delimitados por las zonas de falla mas importantes. El limite tectonico mas impor-
tante es la HFZ que separa la Cordillera Central (cuyo basamento es el Complejo Duarte) de la cuenca del
Cibao (cuyo basamento es la Fm. Amina).

- Las rocas metavolcanicas de composicion entre mafica y félsica de la Fm. Amina tienen una composicion,
fabrica estructural e historia geoldgica distinta respecto a las del complejo Duarte. Por ello, el Complejo
Duarte esta caracterizado por anomalias magnéticas de longitud de onda corta mientras que la cuenca del
Cibao presenta una respuesta magnética constante. Los cortes geoldgicos modelizados que atraviesan la
Cordillera Central no muestran la existencia de zonas de despegue, como en otras zonas deformadas por
transpresion. En este caso, secuencias geoldgicas de origen distinto como el Complejo duarte y la Fm.
Tireo estan plegadas conjuntamente sin la presencia de discontinuidades a gran escala en profundidad.

- El patron de las anomalias magnéticas en la Cordillera Central se debe a la interferencia entre: (1) ano-
malias de longitud de onda intermedia-larga causadas por el basamento magnéticamente heterogéneo
con una susceptibilidad bimodal del Complejo Duarte, mas el efecto del caracter paramagnético de las
cuencas Cibao y San Juan; (2) anomalias de longitud de onda corta debidas a las variaciones laterales de
susceptibilidad de las rocas volcanosedimentarias de la Fm. Tireo, las rocas intrusivas del batolito de
Loma Cabrera y complejos asociados (profundidades entre 6 y 8 km).

- Los resultados de la modelizacion muestran las heterogeneidades petrofisicas de las distintas litologias
atravesadas por los perfiles y la geometria en profundidad de los contactos entre las unidades tectdnicas,
las fallas y zonas de cizalla. Dichos resultados sugieren que el plegamiento Eoceno que afecto a la Fm.
Tireo afectd también a basamento del Complejo Duarte y este evento junto con los cambios de tempera-
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tura ocurridos durante el emplazamiento del batolito de Loma Cabrera pueden haber modificado su carac-
ter magnético. Estos modelos corticales contribuyen a incrementar nuestro conocimiento sobre la arqui-
tectura de la Cordillera Central y su evolucion tectonica desde el Mesozoico.

Introduction

The Island of Hispaniola, that comprises the
Dominican Republic and Haiti, is located at the nor-
thern margin of the Caribbean Plate (Fig. 1).
Hispaniola includes the most complete records of the
geological history of the Caribbean Plate from
Jurassic to Present (e. g. Mann et al., 1991, 1995). The
recent tectonic evolution of Hispaniola has given rise
to a morphology characterized by alternating ranges
and valleys.

The Hispaniola Island deformed under a trans-
pressional regime (which has been active since early

tinental margin (Mann et al., 2002; Escuder Viruete et
al., 2006-a; Perez-Estaun et al., 2007). Within the trans-
pressional regimes, levels of detachments could be
present at depth in crustal cross-sections and, on the
surface, deformation may be partitioned into discrete,
steeply dipping shear zones that separate broader
domains with folds and thrusts, evidencing normal
shortening and vertical, lateral or oblique extension
(Dewey et al., 1998). In this complex tectonic setting,
potential field data helps us to approach these uncer-
tainties in two ways: (1) the aeromagnetic map has
been an aid in the geological mapping and together
with the Bouguer anomaly, have been used to con-

strain the surface and subsurface distribution of dif-
ferent crustal domains with specific magnetic proper-

Cenozoic times) due to the oblique convergence of
the Caribbean island arc and the North American con-
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Figure 1. Tectonic map of the Northeastern Caribbean Plate margin modified from Dolan et al. (1998) and Escuder-Viruete et al., (2006)

showing major fault zones: OFZ, Oriental Fault Zone; SDB, Santiago deformed belt; EPGFZ, Enriquillo-Plantain Garden Fault Zone; SFZ,
Septentrional Fault Zone; HFZ, Hispaniola Fault Zone; BGFZ, Bonao-La Guacara Fault Zone; SURFZ, San Juan Restauracion Fault Zone; PRT,
Puerto RicoTrench; LMDB, Los Muertos deformed belt. The study area corresponding to the potential fields shown in Figure 6 which is out-
lined with a dashed rectangle.

Figura 1. Mapa tecténico del margen septentrional de la Placa del Caribe modificado de Dolan et al. (1998) y Escuder-Viruete et al., (2006)
mostrando las principales zonas de falla: OFZ, Zona de Falla Oriental; SDB, cinturon deformado de Santiago; EPGFZ, Zona de Falla de
Enriquillo-Plantain Garden; SFZ, Zona de Falla Septentrional; HFZ, Zona de Falla de La Espanola; BGFZ, Zona de Falla de Bonao-La
Guécara; SJRFZ, Zona de Falla de San Juan-Restauracion; PRT, Fosa de Puerto Rico; LMDB, cinturén deformado de Los Muertos. El area
estudiada se corresponde con los campos potenciales mostrados en la Figura 6 y esta marcada con un rectangulo de lineas discontinua.
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ties at the surface, thus helping to identify the km-
scale structures, and (2) structures at depth, based on
geological cross-sections, could be constrained with
the interpretation and modelling of potential field
anomalies. In particular, potential field data may help
identify major features in basements covered by sed-
imentary sequences.

In 1995-96, within the frame of the SYSMIN project
(SYstem for Safeguarding and developing MINeral
production, funded by the European Union for the
mining and geological development of the Dominican
Republic), a high resolution magnetic and radiometric
survey was flown over the Dominican Republic.
Several geological mapping and mineral resources
research projects have also been recently completed
(termed C, K and L, 1997-2004; the geological inter-
pretation within these projects has been supported by
the high-resolution flights; see Garcia-Lobon and Rey-
Moral 2002a and b, and Garcia-Lobon and Ayala,
2005). During the C, K and L projects, 586 rock sam-
ples were collected and analysed to obtain density
and magnetic susceptibility values, mainly from
igneous and metamorphic rocks within the central
part of Hispaniola.

Our investigation focuses on the Central
Cordillera, where the study of the deep structure of
the tectonic domains expands the preliminary inter-
pretation made by Garcia-Lobéon and Ayala (2007)
based on gravity and magnetic data. No seismic
experiments have ever been carried out in our study
area. The only existing seismic data that have been
published (Electroconsult, 1981; Mann and Lawrence,
1991) was acquired in selected areas of the Cibao
basin and the San Juan and Enriquillo basins for oil
exploration, and are located far away from our mode-
lled profiles. Given that the basement structure has
not been imaged by seismic data, it is not possible to
establish a correlation between the basement to the
south and the basement being modelled with poten-
tial fields further north. Given that there is no bore-
hole data either, the integration of magnetic and grav-
ity images, together with the increasing knowledge of
the surface geology and the petrophysical analysis of
samples from the main lithologies of the Dominican
Republic, allows us to set the spatial limits of key tec-
tonic units, both at local and regional scale, and the
relationships between them. Based on the potential
field data, two models crossing the Central Cordillera
in the SW-NE direction have been elaborated to dis-
play the upper crustal structure and the variation with
depth of the properties of these tectonic units. The
models reveal relationships between the lithologies
and delineate the depth geometry of shear zones and
faults.

Geological setting

Hispaniola’s geology consists of a 250 km wide tec-
tonic collage of fault-bounded igneous, metamorphic
and volcano-sedimentary rocks of Late Jurassic-Early
Cretaceous to Middle Eocene age, that had been
formed and accreted in an intra-oceanic island-arc
setting (Bowin, 1975; Lewis and Draper, 1990; Mann et
al.,, 1991, 1995). During the Eocene and along the
Neogene these island-arc derived terranes were jux-
taposed along WNW-WSE-trending strike-slip fault
zones, due to the oblique collision of the arc with the
North American Plate along the Bahama Platform.
These fault zones are, from N to S: Septentrional
(SFZ), Hispaniola (HFZ), Bonao-La Guéacara (BGFZ),
San Juan-Restauracion (SJRFZ) and Enriquillo-
Plantain Garden (EPGFZ) (Mann et al., 1991). Rocks of
the involved tectonic units are partially covered by
Eocene to Pliocene and recent siliciclastic and car-
bonate sedimentary rocks that post-date island-arc
activity and mainly record the initiation of the present
period of left-lateral strike-slip motion coeval with
active subduction in the southern Hispaniola margin
(Dolan et al., 1998; Mann, 1999). As a consequence of
the Eocene collision and sinistral transcurrent tecton-
ics the structure of the island arc has been substan-
tially modified.

The significant structure of the island is the HFZ
(Fig. 2). This is a large-scale strike-slip fault with an
important lateral displacement that puts in contact
two different crustal fragments: the northerly Lower
Cretaceous primitive island arc from the southern
Duarte Complex oceanic plateau and the Upper
Cretaceous island-arc sequence of the Tireo
Formation (Fm). Loma Caribe serpentinized peri-
dotites crop out along this fault zone.

From north to south, the following tectonic
domains can be distinguished in the Dominican
Republic (Fig. 2):

- North of Camu Fault Zone (CFZ), a subduction
complex, exhumed during the collision between the
Caribbean island arc and the Bahamas carbonate
platform, which includes high-P rocks of Puerto Plata,
Rio San Juan, and Samana complexes (e.g., Nagle
1974, Draper and Nagle, 1991; Gongalves et al., 2000;
Escuder Viruete et al., 2006-c; Krebs et al., 2008) that
consist of amphibolites, gabbros, eclogites, mafic
schists and gneiss assemblages.

-The Mamey Group (De Zoeten and Mann, 1999)
comprise all the Upper Eocene to Lower Miocene sed-
imentary rocks in the Septentrional Cordillera. This
group includes turbiditic units, and is located
between the CFZ and the Septentrional fault zone
(SFZ). The CFZ and SFZ are of special importance
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Figure 2. Geological map of Hispaniola Island (modified from Draper and Lewis, 1991). CFZ: Camu Fault Zone; SFZ: Septentrional Fault
Zone; HFZ: Hispaniola Fault Zone; BGFZ: Bonao-La Guéacara Fault Zone; MFZ: Macutico Fault Zone; SJRFZ: San Juan Restauracién Fault
Zone; EPGFZ: Enriquillo-Plantain Garden Fault Zone; DF: Djabon Formation; MF: Magua Formation; CB: Civao Basin; CR.: Central
Cordillera; SJB: San Juan Basin; EB: Enriquillo Basin; AB: Azua Basin. Blue lines labelled AA" and BB': location of the modelled profiles.

Figura 2. Mapa Geoldgico simplificado de la isla de La Espahola (modificado de Draper y Lewis, 1991). CFZ: Zona de Falla de Camu; SFZ:
Zona de Falla Septentrional; HFZ: Zona de Falla de La Espanola; BGFZ: Zona de Falla Bonao-La Guacara; MFZ: Zona de Falla Macutico;
SJRFZ: Zona de Falla San Juan-Restauracion; EPGFZ: Zona de Falla Enriquillo-Plantain Garden; DF: Formacion Dajabon; MF: Formacion
Magua; CB: Cuenca del Civao; CR.: Cordillera Central; SJB: Cuenca de San Juan; EB: Cuenca de Enriquillo; AB: Cuenca de Azua. Lineas

azules denominadas AA’ y BB’: localizacion de los perfiles modelizados.

because they define the southern border of the accre-
tionary prism and fragments of the Altamira Fm and
Samanda complex, former oceanic basins accreted to
the arc.

- South of the SFZ, Neogene to Present siliciclastic
rocks of Cibao basin and Los Haitises limestone par-
tially cover the Lower Cretaceous primitive island arc.
This island arc includes volcanic and volcanoclastic
rocks of Los Ranchos Fm and Amina-Maimon schists,
which are petrologic and geochemical equivalents
(e.g. Lewis et al., 1999, 2000, 2002; Escuder Viruete et
al., 2002, 2006-b). Los Ranchos Fm is covered by the
thick sedimentary sequence of Las Guayabas Fm
(also known as Las Lagunas Fm), which is composed
mainly of volcanoclastic sandstone.

- A broad serpentinized ultramafic belt named the
Loma Caribe Peridotite. Its southern limit is the HFZ
(Lewis et al., 1999; Draper et al., 1996) and related vol-
cano-plutonic oceanic units (Escuder Viruete et al.,
2007).

- South of the HFZ and north of BGFZ, there is the
Late Jurassic volcano-plutonic assemblage and
Lower Cretaceous Duarte Complex.The latter is main-
ly composed of metamorphic mafic and ultramafic
volcanic rocks, and interpreted as an oceanic plateau
constructed onto an oceanic crust (Palmer, 1979;
Draper and Lewis, 1991; Lewis and Jiménez, 1991;
Montgomery et al., 1994; Escuder Viruete et al., 2007,
2009).

- An Upper Cretaceous-Eocene magmatic arc
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sequence located between BGFZ and SJRFZ is main-
ly represented by the Tireo Fm. It was intruded by
gabbro-tonalite batholiths whose geometries have
been influenced by the displacements of the main
fault/shear zones (Loma Cabrera, El Bao, Jumunuco,
Macutico, El Rio, La Jautia, see Figs. 3 and 4 for loca-
tion), and ultramafic complexes (e.g., Lewis et al.,
2002; Escuder Viruete et al., 2004; 2006-a; 2007; Stein
et al., 2004). The HFZ and SJRFZ set the limits of the
vulcano-plutonic zone of the island-arc (Duarte
Complex andTireo Fm) and the back arc basin.

- South of SJRFZ, the Peralta-Trois Rivieres fold-
and-thrust belt (Peralta Belt on Fig. 2), the Neiba and
Bahoruco mountain uplifts (Neiba and Bahoruco
Sierra range on Fig. 2) and the Neogene-related
basins (Heubeck and Mann, 1988; Dolan et al., 1991;
Hernaiz Huerta, 2000), such as the Azua and Enriquillo
basins (Mann et al., 1991; Mann, 1999; Diaz de Neira
and Solé Pont, 2002) represent the Upper Eocene to
Present age sedimentation. This occurred contempo-

raneously with the oblique collision to the north and
the subduction to the south of the Los Muertos
deformed belt (LMDB on Fig. 1).

- At the south-western part of the island, an uplift-
ed fragment of the Caribbean oceanic plateau crops
out in the Bahoruco Sierra range. This terrane is com-
posed of Upper Cretaceous basalts similar to those
that form the substratum of the Caribbean Sea
(Maurrasse et al., 1979; Sen et al., 1988; Mann, 1999;
Kerr et al., 2002).

Tectonic domains in the Central Cordillera

The present study focuses on the Central Cordillera
tectonic domains, which are bordered to the north by
the HFZ and to the south by SJRFZ (Figs. 2 and 3). It
comprises an Upper Jurassic-Upper Cretaceous thick
magmatic sequence which includes a great variety of
plutonic, volcanic, volcanoclastic and sedimentary
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Figure 3. Geological map of the NW Dominican Republic, displaying the main modelled lithologies and the location of the modelled sec-
tions. The area displayed is the same as in Figure 6. UTM coordinates in m, Zone 19 N.

Figura 3. Mapa Geoldgico del NO de la Republica Dominicana, mostrando las principals litologias modelizadas y la localizacion de las sec-
ciones modelizadas. El area mostrada es la misma que en la Figura 6. Las coordenadas UTM son en m, Zona 19 N.
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Figure 4. Equal area shaded relief Reduced to Pole Magnetic Field map with the location of samples. AA" and BB’: 2D modelled profiles.
UTM coordinates in m, Zone 19 N. Susceptibility distribution: (1) Ferromagnetic rocks (mainly gabbroic rocks, diorites, basalts, andesites
and serpentinites); (2) Intermediate magnetic rocks (tonalites, basic tuffs); (3) Paramagnetic rocks (acid igneous and metasedimentary
rocks). CFZ: Camu Fault Zone; SFZ: Septentrional Fault Zone; HFZ: Hispaniola Fault Zone; HAFZ: El Hatillo Fault Zone. BGFZ: Bonao-La
Guacara Fault Zone; SJRFZ: San Juan Restauracion Fault Zone; EPGFZ: Enriquillo-Plantain Garden Fault Zone. Details about magnetic
properties onTable I. Discontinuous black line: location of the seismic profiles mentioned in the text.

Figura 4. Mapa de relieve sombreado del Campo Magnético reducido al Polo mostrando la localizacion de las muestras. AA” y BB’: per-
files 2D modelizados. Coordenadas UTM en m, Zona 19 N. Distribucion de la susceptibilidad: (1) rocas ferromagnéticas (principalmente
rocas gabroicas, dioritas, basaltos, andesitas y serpentinitas); (2) rocas magnéticas intermedias (tonalitas, tobas méficas); (3) rocas para-
magnéticas (rocas igneas acidas y metasedimentarias). CFZ: Zona de Falla de Camu,; SFZ: Zona de Falla Septentrional; HFZ: Zona de Falla
de La Espanola; HAFZ: Zona de Falla El Hatillo. BGFZ: Zona de Falla Bonao-La Guacara; SJRFZ: Zona de Falla San Juan-Restauracion;
EPGFZ: Zona de Falla Enriquillo-Plantain Garden. Detalles sobre las propiedades magnaticas en laTabla 1. Linea negra discontinua: local-
izacion de los perfiles sismicos mencionados en el texto.

rocks (e.g., Escuder-Viruete et al., 2006-a, 2007). The
rocks were very heterogeneously deformed and the
Duarte Complex was also metamorphosed to green-
schist and amphibolite facies conditions, but the tex-
tures of the protoliths are often preserved. From bot-
tom to top, four main domains have been mapped
(Fig. 3): (1) the Upper Jurassic volcano-plutonic
oceanic assemblage; (2) a Lower Cretaceous mafic
(mainly picrites and high-Mg basalts) Duarte

Complex, that represents an oceanic plateau; (3) the
overlying Upper Cretaceous intermediate to acid vol-
canic and sub-volcanic rocks of the Tireo Fm, related
to subduction processes under the oceanic plateau;
and (4) the tholeiitic, transitional and alkaline basalts,
representing new plume-related intraplate magma-
tism in the Late Campanian-Maastrichtian. The sub-
duction processes gave rise to a typical island arc
made of extruded tholeiitic to calc-alkaline magmas
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and intruded by the gabbro to tonalitic batholiths of
Loma Cabrera (see Fig. 4). This magmatic sequence is
interpreted as a crustal section of an intra-oceanic
island arc built on the Caribbean oceanic crust and
the overlying Duarte Complex oceanic plateau.

These three tectonic domains are bounded by sev-
eral WNW-ESE-trending, sinistral strike-slip fault
zones (Fig. 3; Contreras, 2004; Stein et al., 2004; Urien
and Joubert, 2004): HFZ, BGFZ and SJRFZ. HFZ is the
longest tectonic feature and juxtaposes the Amina-
Maimén schist belt against the units of the Central
Cordillera (Draper and Lewis, 1991). In the study area,
serpentinite lenses equivalent to Loma Caribe ser-
pentinized peridotite occur in the northern boundary
of the HFZ. These lenses are tectonically interleaved
with Central Cordillera rocks. The timing of the move-
ment along this fault in the Central Cordillera is poor-
ly constrained, but the HFZ cuts Lower Eocene to
Oligocene rocks and the fault is unconformably over-
lain by Upper Oligocene rocks, although minor activ-
ity has been recognized until the present day.
Sinistral, strike-slip motion took place in the HFZ
across a kilometric-scale deformation zone, including
ductile to ductile-brittle shearing (Draper and Lewis,
1991; Contreras, 2004).The cessation of the Caribbean
island-arc activity is recorded in the Central Cordillera
with the subsequent shallow-marine carbonate sedi-
mentation that took place during the Maastrichtian.
Following an eruptive hiatus, subduction-related
magmatism renewed locally in the Eocene with intru-
sion of dioritic to tonalitic plutons and eruption of
calc-alkaline basalts/andesites.

The modelling is based on two geological profiles
from Escuder-Viruete et al. (2006a), which cross the
main structures in the Central Cordillera. Looking
NNE from the Loma Cabrera batholith, the
macrostructure comprises several asymmetrical anti-
clines and synclines with WNW-ESE axes and a NE-
vergence separated, on occasions, by high-angle
reverse faults. Looking SSW from the Loma Cabrera
batholith, theTireo Fm is defined by felsic rocks in the
upper part of the sequence and an alternation of
bands of intermediate and basic metavolcanic rocks
in the lower part, with a general dip to the NE
(Escuder-Viruete et al., 2006a), and separated by NE-
dipping, mid-to-high-angle thrust faults. This
macrostructure also defines a tectonic imbrication of
compositionally different metavolcanic rocks of the
Tireo Fm in a SW-directed fold-and-thrust belt, with
the upper structural levels situated towards the NE. In
addition, there was a left-lateral oblique component
of displacement during thrusting.

Geophysical data
Aeromagnetic data and methods

Aeromagnetic data (Fig. 4) come from an early survey
in 1997 with line separation of 1 kn and nominal ele-
vation of 120 m, and a later survey in 1999 with line
separation of 500 m over the Central and Oriental
Cordilleras and the SW border of the Dominican
Republic (where there was no coverage from the for-
mer survey). Both surveys were acquired and
processed by the Compagnie Générale de
Géophysique (1997) for the SYSMIN European Union
Program. Data were gridded at 2560 m and several
procedures were followed (e.g. micro-levelling, filter-
ing of frequencies greater than Nyquist) to ensure
data quality (i.e. avoiding aliasing, etc.). Qualitative
interpretation of the data has been made using the
magnetic data reduced to the pole, RTP (Fig. 4) and
the modelling with the total magnetic field (after sub-
tracting IGRF). The RTP was calculated assuming a
local inclination of 48°N and declination of 10°W. The
main tectonic domains of the island are clearly delin-
eated by the magnetic anomalies (Figure 6A).

The magnetic field displays two main features: (1)
a well-defined zonation in NW-SE bands that correlate
with the tectonic units forming the land mass, delin-
eated by a series of prominent magnetic features,
along the shear zones that limit these tectonic units
(names within Figures 3 and 4); and (2) intense anom-
alies (i.e. more than 150 nT) due to an ubiquitous fer-
romagnetic magmatism widespread all over the
whole island, and in particular over the batholiths of
the Central Cordillera. These magnetic anomalies also
allow an accurate mapping of gabbro-tonalitic
batholits (Fig. 4: Loma Cabrera D1-D2, EI Bao D3,
Jumunuco D4, La Jautia D5, MacuticoT1-T2, El RioT3).

The magnetic intensity and gradients reach maxi-
mum values not only where these volcano-plutonic
rocks crop out but also in areas covered by fluvio-
marine sediments. This indicates the proximity to the
surface of the plutonic rocks beneath the sediments.
In general, depths to magnetic sources are shallow
(hundreds of meters) in the volcano-plutonic areas of
the island, and deeper (of the order of 1-5 kilometres)
in areas with significant sedimentary infill as the
Cibao, Azua and Enriquillo basins (see Fig. 2 for loca-
tion). For instance, northeast of HFZ there are two
zones of different magnetic texture: to the north, in
the Cibao basin, local anomalies CB1 to CB3 (Fig. 4)
are due to buried bodies at a depth of several kilome-
tres, whereas towards the SE, within the Seibo and
Oro tectonic units, anomalous bodies under Haitises
limestone are much shallower.
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The major magnetic discontinuities correlate with
the fault zones and shear zones cutting the island
from NE to SW, (Fig. 4). These are: CFZ, SFZ; El Hatillo
Fault Zone (HAFZ); HFZ; BGFZ and SJRFZ. Magnetic
expression of the Central Cordillera is clearly
enclosed between HFZ, partially demagnetised, and
SJRFZ, which shows magnetic materials within.
Some other fault zones are also either demagnetized
(SFZ) or intruded by magnetic bodies (BGFZ).

The magnetic anomaly pattern of the map also
allows the tracing of much more detailed structures
and lithologies without ambiguities, which greatly
help geological mapping. This is the case of some
geological units mapped by using their magnetic sig-
nature (see Garcia-Lobon and Rey-Moral, 2002a, b).
For instance, magnetic directions over the volcano-
detritic formations in the Seibo and Oro units clearly
show the faulting and folding of these formations
(Los Ranchos and Las Guayabas Fms; Garcia-Lobdn
and Ayala, 2005, 2007).

Gravity data and methods

The Bouguer anomaly map of the Dominican
Republic (Fig. 5) was constructed from a compilation
made by the National Geospatial-Intelligence Agency
(NGA). The NGA database contains information from
several surveys carried out by different research cen-
tres (IFREMER, Royal Astronomical Society,
Cambridge University, Lamont-Doherty Geological
Observatory and Woods Hole Oceanographic
Institution amongst others) between 1939 and 1991.
The NGA available data is from 3012 stations, with
precision of + 2 mGal and density reduction of 2.67
Mg/mé?. Although the distribution of the stations is
sparse and the grid cell size is 250x250 m, the
Bouguer anomaly is consistent with the main faults
and shear zones that limit the different tectonic units.
Outside the study area, there are places where the
data are too scarce for gridding with that cell size,
hence the blanks in Figure 5. The data has been grid-
ded using a minimum curvature algorithm in Oasis
Montaj software ®.

North of SFZ, the anomaly map displays the grav-
ity maxima, up to c. 60 mGal, caused by the high
pressure metamorphic complexes: Puerto Plata, Rio
San Juan and Saman3, that are made of high density
amphibolites, gabbroic and ultrabasic suites, eclog-
ites, mafic schists and gneiss assemblages. South of
CFZ, the Mamey Group turbiditic unit is characterized
by a rather flat anomaly between -7.5 to 7.5 mGal.The
SFZ is delineated by contrasting gravity signatures
between the Cordillera Septentrional and the Cibao

basin. At the eastern end of the Cibao basin, Los
Haitises limestone (Fig. 2) partially covers the Lower
Cretaceous primitive island-arc (Los Ranchos Fm, Fig.
2): anomalies SB1 to SB4 indicate the areal extension
of the arc. South of HFZ, intense anomalies, up to 70
to 80 mGal, from gabbro-tonalite batholiths and
igneous complexes of the Central and Eastern
Cordilleras are identifiable (e.g., Loma Cabrera
D1-D2, and El Bao D4, Fig. 3), forming a prominent
elongated maximum that crosses the island from NW
to SE, with relative maxima superimposed. In its
north-western part, the Central Cordillera maxima
reaches values up to 90 mGal, flanked by rather steep
gradients towards Cibao basin and San Juan Basin.
Elongate, negative, Bouguer anomalies reaching
more than -25 mGal in places, occur over the Tertiary
rocks covering Peralta unit, the Cibao basin, the San
Juan Basin and the Enriquillo Basin. These features
suggest a significant sedimentary thickness. Because
of the scarcity of the gravity data, the Bouguer map
does not cover the whole extension of the Bahoruco
Range. Nonetheless, the available gravity data sug-
gest a zone of relative maxima with a positive N-S
gradient. The origin of this anomaly may be the exis-
tence of high density rocks, such as mafic and ultra-
mafic rocks of the underlying oceanic plateau.

The Bouguer gravity anomaly includes the contri-
bution from the lateral changes in density occurring
at deep and shallow depths. In order to model the
upper crust of the Central Cordillera (depths up to 14
km), a residual Bouguer anomaly has been calculated
(Fig. 6B). This procedure isolates the deep-seated
anomalies originated at Moho depths (regional
anomalies) from the ones originated at shallower
depths (residual anomalies). After several trials, the
residual that has the best correlation with the surface
geology is the one computed by subtracting a second
degree polynomial to the Bouguer anomaly. This
residual highlights the main tectonic domains.
Minimum values from -40 to -70 mGal occur over the
Peralta, Cibao, San Juan and Enriquillo Basins, thus
giving further evidence of the thick Tertiary sedimen-
tary cover (at least 2-5 km). Positive anomalies (up to
65 mGal) occur over the intrusive bodies within
Central and Eastern Cordilleras and Rio San Juan
Complex.The SFZ is clearly delimited by a steep gra-
dient. Another steep gradient, south of the Central
Cordillera, coincides with SJRFZ.

Petrophysical data and methods

The petrophysical analysis consists of 586 measure-
ments of density and magnetic susceptibility as well
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Figure 5. Equal area shaded relief Bouguer Anomaly map with the gravity point data location. Superimposed are shown the tectonic
domains and magnetic anomaly zones. AA" and BB’: 2D modelled profiles. UTM coordinates in m, Zone 19 N. CFZ: Camu Fault Zone; SFZ:
Septentrional Fault Zone; HFZ: Hispaniola Fault Zone; HAFZ: El Hatillo Fault Zone. BGFZ: Bonao-La Guécara Fault Zone; SJRFZ: San Juan
Restauracion Fault Zone; EPGFZ: Enriquillo-Plantain Garden Fault Zone. The main magnetic anomalies appear also labelled for compari-

son between its gravimetric and magnetic response.

Figura 5. Mapa de relieve sombreado de la Anomalia de Bouguer mostrando la localizacion de los datos puntuales de gravedad. Se mues-
tras superpuestos los dominios tectonicos y las zonas de anomalia magnética. AA” y BB’: perfiles 2D modelizados. Coordenadas UTM en
m, Zona 19 N. CFZ: Zona de Falla de Camu; SFZ: Zona de Falla Septentrional; HFZ: Zona de Falla de La Espanola; HAFZ: Zona de Falla EI
Hatillo. BGFZ: Zona de Falla Bonao-La Guacara; SJRFZ: Zona de Falla San Juan-Restauracion; EPGFZ: Zona de Falla Enriquillo-Plantain
Garden. Las principales anomalias magnéticas aparecen también etiquetadas para comparar su respuesta gravimétrica y magnética.

as 104 measurements of remanent magnetization,
distributed across the whole island (Fig. 4).
Laboratory measurements of density have been
made on hammer-cut samples (0.3-0.6 kg) by weigh-
ing them in air and water. These samples come from
4-5 kg of rock collected in the field. From each of
these samples, powder (2 mm grid pass) is obtained
and magnetic susceptibility determined in a kap-
pabridge (KLY-2 instrument of AGICO Inc.); the mass
of the powder is measured, and the kappabridge val-
ues are converted to susceptibility values, then multi-

plied by the density of the sample to obtain volume
susceptibility. Finally, non-oriented 2-inches prisms
were cut and rock remanent magnetization was meas-
ured in a spin magnetometer (JR5, also of AGICO
Inc.). Sensitivities are of the order of 0.01 Mg/m?,
2x10* Sl units, and 3x10° A/m, respectively. Precision
is 0.02 Mg/m?® for density, and better than 5% for the
magnetic measurements. The main petrophysical
groups have been characterized as: (1) high density
rocks that include basalts, gabbroic and ultrabasic
plutonic rocks, amphibolites and eclogites, with aver-
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Figure 6. (A) Equal area shaded relief of the RTP magnetic anomaly of the NW Dominican Republic; (B) Equal intensity shaded relief of the
residual Bouguer anomaly for the same area with the density distribution of samples: (1) Eclogites, gabbros, amphibolites, diabases and
ultrabasic rocks; (2) andesites, basalts and diorites; (3) dacites, basic tuffs, tonalites, schists and gneiss; (4) acid igneous rocks and slates.
Location of profiles AA" and BB’ is also displayed. UTM coordinates in m, Zone 19 N.

Figura 6. (A) Mapa de relieve sombreado de la anomalia magnética del RTP en el NO de la Republica Dominicana; (B) Mapa de relieve
sombreado de la anomalia residual de Bouguer para la misma drea mostrando la densidad de distribucion de muestras: (1) eclogitas,
gabros, amfibolitas, diabasas y rocas ultrabasicas; (2) andesitas, basaltos y dioritas; (3) dacitas, tobas maficas, tonalitas, esquistos y gneis-
es; (4) rocas igneas acidas y pizarras. Se muestra la localizacion de los perfiles AA” y BB’ Coordenadas UTM en m, Zona 19 N.

age densities higher than 2.6 Mg/m?; (2) low density
rocks that include granitoids, metasedimentary and
acid volcanic rocks, with average densities lower than
2.6 Mg/m?; (3) the magnetic markers of the area that
include andesites, basalts, gabbros, diorites, serpen-
tinites, and some ultrabasic rocks and acid volcanic
rocks; and (4) the paramagnetic rocks, mostly
metasedimentary and granitic. The main results are
summarised in Table | which shows that the suscepti-
bility values are grouped by ranges due to the typical
polimodal distribution of this parameter.

The petrophysical characteristics of the sampled
lithologies that are included in the models are sum-
marised as follows (Garcia-Lobon and Rey-Moral,
2002a; Garcia-Lobén and Ayala, 2005, 2007):

-In theTireo Fm, the segment limited by the SURFZ
and BGFZ, high density basic and intermediate

igneous rocks are ferromagnetic (volcanic rocks and
intrusive tonalites, diorites and gabbros). The low
density acid volcanic rocks are of bimodal suscepti-
bility and the metasedimentary rocks are paramag-
netic.

- Within the igneous complexes, average densities
range from 2.57 Mg/m? (granites) to 3.00 Mg/m? (ultra-
mafic rocks). Ferromagnetism is predominant in the
gabbroic and ultramafic rocks while tonalites are
mainly bimodal, with magnetic and paramagnetic
zones in the major batholiths (Loma Cabrera, El Bao,
Macutico, etc.) and the main volcanic axis of the
island. Susceptibilities of the analysed samples range
mainly from moderately ferromagnetic (c. 0.5% in
magnetite content; 6 samples within this range) to
highly ferromagnetic (c. 1.6% in magnetite content, 12
samples within this range). From the available aero-
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Lithology N kmi kmx ('ég‘ég) (30";:“;’300) (>k33(;’go) dmi dmx dm dmd Q..
Andesites 31 32 5632 | 126(9) | 1704 (9) |4258 (13)| 2.64 2.86 2.75 272 | 041 (3)
Basalts 106 13 10371 | 139 (34) | 1445 (32) | 4952 (40)| 2.5 3.12 2.84 2.82 | 0,60 (29)
Diabases 12 66 5094 | 126(3) | 503 (6) | 4011 (3) | 2.74 2.99 2.9 2.93 | 0,68 (3)
Dacites 28 30 5127 | 127 (13) | 1137 (11) | 3883 (4) | 2.56 2.79 2.66 2.65 -
Ryolites 4 13 5615 | 106 (22) | 1376 (17) | 4676 (2) | 2.41 2.66 2.57 256 | 1,30 (8)
Acid Tuffs 38 2 3612 | 58(23) |1429(14)| 3612(1) | 2.29 2.67 2.53 2.54 -
Basic Tuffs 37 14 5610 | 108 (13) [1220 (21)| 4417 (3) | 2.55 2.86 2.68 2.59 -
Granites 8 31 270 82 (8) - - 2.51 2.62 2.57 2.57 -
Tonalites 52 66 6942 | 162 (12) | 1638 (26) | 4474 (14) | 2.57 2.86 2.71 270 | 0,70 (12)
Diorites 24 43 5486 | 135(7) | 1729 (8) | 4176 (9) | 2.72 2.97 2.85 2.88 | 0,09 (5)
Gabbros 25 83 7252 | 128(7) | 1480 (6) | 4720 (12)| 2.83 3.10 2.95 297 | 1,01(9)
Ultrabasics 16 72 10979 | 169 (4) | 1524 (6) | 5756 (6) 2.9 3.16 3.00 299 | 0,27 (3)
Amphybolites 32 49 7553 | 122 (27) | 304 (4) | 7553 (1) | 2.69 3.08 2.90 293 | 0,13 (14)
Schists 64 17 2648 | 77 (60) | 1225 (4) - 2.49 2.88 2.69 268 | 0,12 (6)
Gneiss 7 41 1128 78 (6) | 1128 (1) - 2.59 2.82 2.70 - -
Slates 21 28 131 60 (21) - - 2.31 2.66 2.52 2.53 -
Serpentinites 13 524 6499 - 1373 (6) | 4668 (7) 2.59 2.86 2.70 2.61 0,31 (4)
Marbles 15 13 221 52 (15) - - 2.51 2.89 2.68 2.68 -
Eclogites 10 58 248 | 113 (10) - - 2.97 3.18 3.04 2.99 -

Tabla I. Density and magnetic susceptibility of 586 analyzed rock samples from the Dominican Republic. N: number of samples (see fig-
ures 3, 4 and 5 for location). kmi, kmx: minimum and maximum susceptibility. kavg: average susceptibilities (in SIx10°) for 0-300, 300-3000,
and >3000 ranges (in bold, average from range with highest number of samples). dmi, dmx, dm, dmd: minimum, maximum, average and
mode of density in Mg/m3. Qnm: median of Koenigsberger parameter. Susceptibility and Koenigsberger parameter values are referred to

the number of samples indicated within brackets.

Tabla I. Densidad y susceptibilidad magnética de las 586 muestras de roca analizadas de la Republica Dominicana. N: numero de mues-
tras (ver Figuras 3, 4 y 5 para la localizacion). kmi, kmx: susceptibilidad minima y maxima. kavg: susceptibilidad promedio (en SIx10(°) para
los rangos 0-300, 300-3000, y >3000 (en negrita, promedio del rango con el mayor numero de muestras). dmi, dmx, dm, dmd: minimo,
maximo, promedio y moda de la densidad en Mg/m*. Qnm: media del parametro de Koenigsberger. Los valores de susceptibilidad y del
parametro de Koenigsberger estan referidos el numero de muestras indicada entre paréntesis.

magnetic maps, this magnetic behaviour seems to be
characteristic of the lithologies of the igneous com-
plexes in the Central Cordillera. The Yautia gabbros
and Loma-Caribe peridotites are ferromagnetic;
tonalitic-dioritic intrusives of Oriental Cordillera are
also ferromagnetic.

- Rocks from Duarte complex, limited by BGFZ and
HFZ, display typical density values of volcanic, plu-
tonic and metamorphic rocks, and typical bimodality
ranging from paramagnetic to ferromagnetic suscep-
tibilities. Metasedimentary and metamorphic units
are mainly paramagnetic (such as, in order of increas-
ing paramagnetism, the Magua, Dajabon and Amina-
Maimon Fms), with the exception of some basalts
and tonalites that intrude these units. The same
occurs in the Rio San Juan high-P complex, and

Peralvillo and Siete Cabezas Fms. Lithologies in the
Rio Verde and Samana complexes are mainly of high
density and are paramagnetic.

2.5D Geophysical models

In order to characterize the lateral boundaries of the
tectonic domains (see a detailed geological map of
the area in Fig. 3) and the nature of the basement, two
2.5D residual gravity and magnetic models (Figs. 7, 8
and 9) have been elaborated. These profiles run along
two geological cross-sections that contain detailed
structural and lithological data up to a depth of 1200
m (Escuder Viruete et al., 2006-a) which are displayed
over the modelled profiles (Figs. 7 and 9).The forward
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Figure 7. Magnetic and gravity model along section AA" with the geological cross-section from Escuder-Viruete et al. (2006a) on top.
Numbers without units, magnetic susceptibility in Sl used in the model (0.0 if no label on the model). See figure 6 for location. See details
of the uppermost crust beneath the geological section (area within the black rectangle) on Fig. 7Z.The numbers 1 to 5 on the magnetic anom-
aly indicate the five magnetic domains described on the text. SURFZ: San Juan Restauracion Fault Zone; MFZ: Macutico Fault Zone; BGFZ:
Bonao-La Guacara Fault Zone. Same horizontal and vertical scale.

Figura 7 Modelo magnético y gravimétrico a lo largo de la seccion AA’ con el corte geoldgico de Escuder-Viruete et al. (2006a) encima.
Numeros sin unidades, susceptibilidad magnética en S| usada en el modelo (0.0 si no hay etiqueta en el modelo). Ver Figura 6 para la
localizacion. Ver detalles de la corteza superior mas alta bajo el corte geoldgico (area con el rectangulo negro) en la Figura 7. Los numeros
1 a 5 en la anomalia magnética indican los cinco dominios magnéticos descritos en el texto. SURFZ: Zona de Falla de San Juan-

Restauracion; MFZ: Zona de Falla de Macutico; BGFZ: Zona de Falla de Bonao-La Guacara. Misma escala vertical y horizontal.

modelling has been performed using GM-SYS soft-
ware (by Geosoft®). The methods used to calculate
the gravity and magnetic model response are based
on the methods of Talwani et al. 1959, and Talwani
and Heirtzler, 1964, and use the algorithms described
in Won and Bevis, 1987 The 2.5D calculations are
based on Rasmussen and Pedersen, 1979. Reference
density of the residual Bouguer anomaly is 2.67
Mg/m?3. All density and magnetic susceptibility values
used for each lithology in our models fall within the
limits of the petrophysical data: density values are
near the average density of each measured lithology,
and magnetic susceptibility values are, in general,

close to the different measured modes (paramagne-
tic, intermediate or ferromagnetic; see Table I).

The models have been extended at both ends of
the profiles to avoid edge effects and we have
assumed that the Curie isotherm lies within the lower
crust. This assumption is based on the calculation of
the approximated depth to the Curie isotherm from
the magnetic data, using the Radial Power Spectra
(following Ross, et al., 2006) and the results indicate,
for the study area, a Curie depth of c. 15 km. In the
models, the only available geophysical information is
the potential field data (Fig. 6). The geometry and
depth extension of the structures depicted on the
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Figure 8. Detail of the section AA’ (area within the black rectangle in Fig. 7) showing the values used in the model: density (first number)
in Mg/m3 and magnetic susceptibility (second number) in SI. SJRFZ: San Juan Restauracion Fault Zone; MFZ: Macutico Fault Zone; BGFZ:
Bonao-La Guacara Fault Zone.

Figura 8. Detalle de la seccion AA’ (area con el rectangulo negro en la Figura 7) mostrando los valores utilizados en el modelo: densidad
(primer numero) en Mg/m3 y susceptibilidad magnética (segundo nimero) en SI. SURFZ: Zona de Falla de San Juan-Restauracion; MFZ:

Zona de Falla de Macutico; BGFZ: Zona de Falla de Bonao-La Guacara.

geological cross-sections are modelled by the combi-
nation of the gravity, magnetic and petrophysical
data. Particularly, the magnetic modelling resolves
with more accuracy than gravity the magnetic struc-
tures depicted in the geological profiles and allows
their geometrical projection to depth. The modelled
depths of the different magnetic bodies are in agree-
ment with previous estimations of the anomalous
sources using Werner and Euler deconvolution
(Garcia-Lobon et al., 2007)

Results and discussion

Residual gravity anomalies (Fig. 6B) are mainly
caused by the occurrence of laccolithic-shaped intru-
sions of contrasting density, notably the high-volume
of gabbroic rocks required to explain the gravity max-

imum in the Loma Cabrera batholith. The depth and
shape of San Juan and Cibao Basins have been mod-
elled to fit the gradient towards the edges of the
model, assuming a typical density for the Eocene to
Quaternary sedimentary rocks. Amina-Maimén is
mainly paramagnetic (as in model AA’), except for
some areas that are intruded with basalts and
tonalites (as in model BB’). The crust beneath Duarte
Complex has been modelled assuming that is made
of mafic igneous rocks that were metamorphosed to
different degrees, with a standard value for its mag-
netic susceptibility k=0.01 SI and a density of 2.95
Mg/mé.

In the magnetic field, five domains can be distin-
guished (Figs. 4, 6A, 7 and 9):

1) A southern magnetic domain characterized
mainly by susceptibility changes across Duarte
Complex (0.005-0.0-0.01 Sl in model AA, 0.005-0.002-
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Figure 9. Modelo magnético y gravimétrico a lo largo de la seccion BB’ con el corte geoldgico de Escuder-Viruete et al. (2006a) encima.
Numeros sin unidades, susceptibilidad magnética en Sl usada en el modelo (0.0 si no hay etiqueta en el modelo). Ver Figuras 3, 4y 5 para
la localizacion. Los numeros 1 a 5 en la anomalia magnética indican los cinco dominios magnéticos descritos en el texto. Misma escala

vertical y horizontal.

0.03 Sl in model BB’). The limit of this domain in
model AA’ is a maximum of c. 275 nT, due to the tran-
sition between the San Juan Basin-Trois Rivieres Fm,
consisting of paramagnetic metasedimentary rocks,
and the Tireo Fm, that consists of an alternation of
metamorphic, mainly paramagnetic, and igneous,
mainly ferromagnetic, rocks. This limit is less conspic-
uous in model BB’, where approximately correlates
with Macutico Fault Zone (MFZ in Figs. 2 and 9).

2) Short wavelength anomalies corresponding to
susceptibility changes across volcanic rocks of the
Tireo Fm and the tonalite-diorite intrusive bodies.

These anomalies interfere with the long wavelength
Duarte Complex magnetic responses, that in this sec-
tion of the profile have susceptibility values from 0.01
to 0.045 Sl in model AA" and from 0.01 to 0.03 Sl in
model BB'.

3) A steep magnetic gradient in the Duarte
Complex is due to an abrupt change from ferromag-
netic to paramagnetic character, and is overlapped by
a set of short wavelength, high amplitude anomalies,
generated by the ferromagnetic materials of Loma
Cabrera batholith.

4) Towards the northern part of profile AA, there
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are two short wavelength, small amplitude anomalies
associated with the HFZ (Fig. 7). In profile BB’, there
are two short wavelength, small amplitude anom-
alies: one that overlaps the anomaly from Loma
Cabrera batholith, associated to some rocks from
Tireo Fm, and the other generated by the HFZ.

5) The northern magnetic segment of long wave-
length and small amplitude anomalies that corre-
sponds to the Cibao basin and its underlying crust.
That crust is mainly paramagnetic in profile AA,
whereas in profile BB’ there is a relatively low ampli-
tude, medium wavelength anomaly that reflects the
effect of the Amina-Maimdn schists and metamorphic
rocks that crop out towards the NE.

It is worth noting that lateral changes in the sus-
ceptibilities of gabbros are necessary to adjust the
short wavelength component of the magnetic data,
and these values are justified by the laboratory meas-
urements (please note thatTable | is just a summary
of our Dominican Republic petrophysical database).
Keeping the adjustment of the model, it is possible to
make small changes in the model susceptibilities (e.g.
20%) only when susceptibility values are to the order
of 0.001 Sl. The range of possible changes for higher
susceptibilities, as is the case for some of the litholo-
gies on the models is reduced to 10% or less, in par-
ticular when magnetic bodies are near the surface
(less than 3 km in depth).

Modelling results show that the Tireo Fm has thick-
nesses of between 3 and 7 km, and includes dense
intrusive bodies of contrasting magnetization. These
intrusive bodies reach, in places, up to 75 km in
depth, close to the top of Duarte Complex.The Duarte
Complex forms a heterogeneous layer that extends
across the section from the HFZ to the N and beneath
the San Juan Basin to the S, with thicknesses from 5
to 7 km. Depth of the sediments in the Cibao Basin
reach up to 6.5 km and in San Juan Basin, nearly 6
km. Densities and depths of San Juan and Cibao
Basins sediments are in agreement with those
obtained from the seismic profiles (Electroconsult,
1981; Mann and Lawrence, 1991). From our model-
ling, the minimum depth of the HFZ is approximately
11 km, reaching at least the base of the upper crust.
The modelled geological cross-sections do not show
the existence of detachments, as is the case in some
transpressionally deformed areas. Geological
sequences of very different origin, such as the Duarte
Complex and the Tireo Fm, are folded together with-
out the presence of large scale discontinuities at
depth.

The details in the geological cross-sections have
helped to constrain the shallower parts of the models.
The models highlight the large petrophysical hetero-

geneities within the different lithologies and trace the
depth contacts between the tectonic units delimited
in both the geological and the potential field maps.
The magnetic field anomalies clearly reflect faults and
shear zones, which are not always easily identifiable
on the surface. The results of the modelling also sug-
gest that Oligocene folding which affected Tireo Fm
has also affected the basement of Duarte Complex
and, together with the temperature changes during
the emplacement of the Loma Cabrera batholith,
might have modified its magnetic character.

In order to estimate the accuracy of our models,
we have conducted a series of sensitivity tests. We
assume that the uppermost crust is well constrained
by the geological cross section, and the densities and
magnetic susceptibility have been constrained from
the petrophysical data. From these tests, we conclude
that base of Duarte Complex and Amina-Maimoén-
upper crust beneath the Cibao basin is determined
with an uncertainty of about +500 m and the base of
Tireo Fm., San Juan and Cibao basins are determined
with an uncertainty of +250m. It can be established
that dips are well traced to depth because the model
fits fairly well the short wavelength anomalies and
the slopes of the observed magnetic data. Moreover,
although the seismic lines presented in
Electroconsult (1981) and Mann and Lawrence (1991)
lie far from our study area, densities and depths of
San Juan and Cibao basins calculated in our models
are in agreement with those published (we have esti-
mated the densities of the units imaged by the seis-
mic sections presented there, from the available P-
seismic velocities using standard relationships). The
depths of these basins obtained from our models are
also in agreement with the depths shown in their
seismic interpretation.

To assess the uncertainties in the shape and phys-
ical properties of the gabbroic rocks, we use the Loma
Cabrera Batholith as an example. Variations of the
gabbro’s susceptibilities were made in order to adjust
the magnetic data. There is no a priori information on
the depth geometry of the body; its shape is based on
the assumption that the gabbro postdates the Tireo
Fm and crosscuts that formation and is also a suitable
geometry to fit the gravity and magnetic data.
Typically, gabbroic-type formations have shapes that
range from cylindrical to lopolithic, and these geome-
tries are the ones used in the models (nonetheless, if
the intrusions were granitic-type, a laccolithic shape
would be more appropriate). As for choosing the gab-
bro’s density, 2.95 Mg/m?® is the density average for
gabbros, whereas 2.97 Mg/m?®is its density mode. In
this case, only 5 out of 25 samples show this density;
moreover, changing from 2.95 Mg/m®to 2.97 Mg/m?
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does not change significantly the adjustment (about 2
to 5 mGal). Therefore, we have preferred to keep the
average value. With the actual properties, the uncer-
tainty of the gabbro’s base in its central part is about
1 km.

Conclusions

- The petrophysical analysis from the samples has
allowed us to characterize the density and magnetic
susceptibility of the main tectonic units of the
Dominican Republic, particularly in the Central
Cordillera. The studied lithologies show a great vari-
ety of density from 2.31 Mg/m? of the slates to 3.18
Mg/m?® of the eclogites, magnetic susceptibility from
2x10* Sl of the acid tuffs to 10979x10* Sl of the ultra-
basic rocks and remanent magnetization with Qnm
values from 0.07 for the slates to 21.07 for the acid
tuffs. Due to the lack of seismic and borehole con-
straints, petrophysical data has been a fundamental
input in the 2.5D models presented in this work.

- Due to the significant variation of magnetite con-
tent in the Dominican Republic lithologies, the mag-
netic field shows remarkable patterns that allow an
easy identification of rock types, particularly in the
Central Cordillera rocks, and hence the different tec-
tonic domains and structures that form this part of
Hispaniola Island. Magnetic interpretation provides a
detailed image of the structure and variation of prop-
erties across the upper crust in the Central Cordillera.

- Differences in the magnetic fabric can be corre-
lated with different geochemical compositions, sug-
gesting that the different crustal domains in the
Central Cordillera were part of different crustal
domains of the Cretaceous Caribbean island arc, ini-
tially formed apart and later juxtaposed as a result of
the transpressive tectonic regime from the Middle
Eocene arc-continent collision.

- As a result of the scarce distribution of the gravi-
ty data, the mass distribution of the upper crust under
the Central Cordillera is mainly constrained by the
magnetic data. Magnetic interpretation allows us to
infer the structure and properties variation across the
upper crust in Central Cordillera. Five domains can be
identified from the magnetic data, which are bounded
by major fault zones and are correlated to the struc-
tural domains.The main tectonic boundary is the HFZ,
characterized by a density of 3.0 Mg/m3 and a mag-
netic susceptibility of 0.003Sl, that separates the
Central Cordillera (underlying by Duarte Complex),
from the Cibao basin (underlain by Amina Fm.), two
domains of different magnetic fabric. The mafic to fel-
sic metavolcanic rocks of the Amina Fm have a differ-

ent whole-rock composition, structural fabric and
geological history compared to the Duarte Complex.
As a consequence, the Duarte Complex is character-
ized by short wavelength magnetic anomalies, where-
as the Cibao basin displays a flat magnetic response.
From our modelling results we conclude that the geo-
logical cross-sections through the Central Cordillera
do not show the existence of detachments, as is the
case in some transpressionally deformed areas. In
this case, geological sequences of dissimilar origin,
such as the Duarte Complex andTireo Fm, are folded
together without the presence of large scale disconti-
nuities at depth.

- Patterns in the Central Cordillera magnetic field
are due to the interference between: (1) intermediate
to long wavelength anomalies caused by an hetero-
geneous magnetic basement, Duarte Complex, of
bimodal susceptibility, plus the effect of the paramag-
netic character of the Cibao and San Juan Basin sedi-
mentary basins (depths up to 6.5 km); (2) short wave-
length anomalies originated by the lateral variations
in magnetic susceptibility of the volcanosedimentary
rocks of Tireo Fm and Loma Cabrera batholith intru-
sive rocks and allied complexes (depths up to 6-8 km).

- The results of the modelling highlight the great
petrophysical heterogeneities within the different
lithologies crossed by the profile. The models show
the possible geometry of the contacts between the
tectonic units as well as faults and shear zones in
depth. The results of the modelling also suggest that
Oligocene folding which affected Tireo Fm has also
affected the basement of the Duarte Complex. The
temperature changes during the emplacement of the
Loma Cabrera batholith might have modified its mag-
netic character.

- Given the lack of seismic and borehole data at the
Central Cordillera and near our study area, the inte-
gration of field petrophysics, geology and potential
field analysis and modelling, represents an important
methodological aspect of this study. Petrophysical
analysis and modelling results together with the
analysis of the high resolution aeromagnetic and the
available gravity data has contributed to expand our
understanding of the whole architecture of the
Central Cordillera and its tectonic evolution since
Mesozoic times.
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