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ABSTRACT
The Cretaceous volcanic arc of the Greater Antilles hosts several epithermal preciousmetal occurrences, including the world-class Pueblo Viejo deposit in the Dominican Republic.
Review of previous work on the geology of Cuba and Hispaniola provides an explanation for the
regional distribution of epithermal deposits in the island arc and possible extension under late
effusive volcanism and/or Cenozoic sedimentary rocks. A synthesis of recent geologic work
coupled with new mineralogic, petrographic, and geochronologic studies of the La Miel
epithermal deposit in Haiti offer an improved understanding of its genesis and broader geologic
setting. La Miel is an early-stage epithermal exploration project within the Restauración - La
Miel epithermal belt, which is located along the border between Haiti and the Dominican
Republic.
The geology of the La Miel system is interpreted based on surface mapping and logs and
assays of drill core. The host rocks are Cretaceous mafic and felsic volcanic rocks that strike
northwest and dip steeply to the southwest. These are overlain in fault contact by Upper
Cretaceous sedimentary rocks. Alteration and mineralization are controlled by northwest striking
faults and lithologic contacts. These contacts are cut by normal faults that strike northeast, which
are interpreted to postdate ore formation. Banded, brecciated epithermal quartz veins with
anomalous gold were identified over an area of 1.5 x 2 km.
Diatreme breccias and associated felsic domes with a close genetic relationship to
mineralization and alteration have been described in many epithermal systems. The Savanne La
Place (SLP) target at La Miel contains multi-ppm gold mineralization that crosscuts a blind
phreatomagmatic breccia identified in drill holes. The age of SLP is constrained by a new U-Pb
zircon age of 84.2 ± 1.4 Ma on a post-mineralization rhyolite dome that is interpreted as the last
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event in the evolution of the epithermal system. Geochemical analyses and mineralogical studies
indicate that mineralization is zoned from Au ± Ag – Zn – Cu at shallower levels to predominant
copper at depth. Gold is associated with silica – clay ± sericite alteration. Different events of
silica deposition have been distinguished: microcrystalline silica veins associated with sulfides,
and clay ± sericite at the border of the silica chalcedonic event. V-SWIR spectroscopic analysis
detects illite - smectite - sericite associated with mineralization and smectite – chlorite halos at
the borders of the system. The deposit may be classified as an intermediate sulfidation
epithermal system on the basis of quartz - sericite – illite bearing mineral assemblages. Areas
within the Cretaceous island arc that are covered by late effusive volcanic events as rhyolite lava
flows or domes are prospective for epithermal mineralization.
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INTRODUCTION
Epithermal deposits are described in volcanic arcs associated with calc- alkaline and
alkaline magmatism and are important resources of precious and base metal mineralization
(Simmons et al., 2005). The Greater Antilles is a Cretaceous volcanic island arc that hosts
economically important epithermal districts, include Camagüey in Cuba (Simon et al., 1999;
Kesler et al., 2004) and the world-class Pueblo Viejo deposit in the Dominican Republic (Kesler
et al., 2005a; Sillitoe et al., 2006).
Diatreme breccias and felsic domes with a close genetic relationship to mineralization
and alteration have been described in many epithermal systems (Sillitoe et al., 1985; Hedenquist
and Henley, 1985; Corbett and Leach, 1998; Davies, et al., 2008a). Epithermal intermediate
sulfidation systems with precious metals are associated with multistage silica events in veins as
well as bulk disseminated ore in breccia bodies (Sillitoe and Hedenquist, 2003). Deposits
associated with diatreme breccias and or breccia complexes include Montana Tunnels, Montana
(Sillitoe et al., 1985), Kelian, Indonesia (Davies et al., 2008a, 2008b), Roşia Montană, Romania
(Wallier et al., 2006), and Mount Rawdon, Queensland (Brooker and Jaireth, 1995).
La Miel – Restauración epithermal district hosts high sulfidation epithermal deposits;
however, newly discovered epithermal mineralization associated with a diatreme and a rhyolite
dome in the SLP project offers new insights for exploration in the area. This study includes two
sections. The first section is a compilation of the main magmatic events and associated mineral
deposits in the Cuba – La Hispaniola region that attempts to make regional correlations. The
second section is a synthesis of recent geologic work coupled with new mineralogic,
petrographic, and geochronologic studies of the SLP project, which examines the relationship of
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the diatreme with mineralization and a late rhyolitic dome and implications for further
exploration in the district.
LOCATION AND EXPLORATION HISTORY OF LA MIEL
La Miel is located in the North East and Central Departments of Haiti and is centered
approximately 40 km south of Fort-Liberté and 60 km southeast of Cap-Haitian. The Savanne La
Place (SLP) project is one of the most advanced targets at La Miel and it is located in the
southeastern portion of the permit, 5 km from the Dominican Republic international border (Fig.
01).
Mining and exploration history in Haiti has been disrupted by long-term government
instability in that country. Formal mining exploitation in Haiti began in 1957 by Consolidated
Halliwell, Ltd., which discovered the copper skarn deposit of Memé in the Massif du TerreNeuve (Kesler, 1968). During the 1970’s, exploration programs were pursued by companies such
as Kennecott and Peñarroya, which worked along the Massif du Nord. These companies
explored for volcanogenic massive sulfide (VMS) and porphyry type deposits, identifying the
deposits of Grand Bois, Morne Bossa, and several other copper and gold occurrences. From 1972
to 1985, the United Nations Development Program developed two exploration programs, the
Revolving Fund for Natural Resources Exploration (UNRFNRE) and the Program des Nations
Unies pour le Dévelopement (PNUD), which conducted thorough mineral evaluation in the
Massif du Nord. The exploration programs identified significant mineral occurrences in northcentral and northeastern Haiti. As a result of these campaigns, the prospects of Duvrai, Blondin,
Faille B, and La Mine were discovered. In addition, the program discovered the Grande Savanne
and Bois de Laurence epithermal occurrences in La Miel, but the SLP target was not discovered
at this time (Louca, 1989).
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Newmont began exploration in Haiti 1996 along the Massif du Nord volcanic belt with
regional stream sediment, rock sampling, and mapping that identified the SLP, Morne Basillie,
and several other epithermal occurrences. Following these discoveries, however, the company
had to leave the country due to political instability. In 2004, Eurasian Minerals began exploration
in the country focused on two exploration permits in the previously explored areas; La Mine,
which includes the La Mine and Trevil targets, and La Miel, which includes the SLP, Bois de
Laurence, Morne Basillie, and Grande Savanne targets. In 2008, Newmont Ventures Limited
(NVL) and Eurasian Minerals signed an exploration Joint Venture Agreement to explore and
develop the various targets within La Mine and La Miel prospecting permits as well as to
conduct the exploration program in the Massive du Nord volcanic belt in northern Haiti. Since
2008, NVL successfully conducted the exploration program in La Miel until it was halted in
2009 due to the lack of a definitive Mining Agreement with the Haitian Government. Finally, in
February 2012 Newmont signed a “Memorandum of Understanding” (MOU) with the Haitian
Government which granted NVL the right to conduct a drilling program in the La Miel
Application Permits.
REGIONAL GEOLOGY OF HISPANIOLA AND CUBA

Tectonic overview
The Cretaceous island arc of the Greater Antilles has a complex tectonic history of
subduction, collision, faulting, and magmatism. This complex history is a direct result of
convergence and transcurrent tectonics of the Caribbean plate (Lewis and Draper, 1990; Kesler,
et al., 2004) (Fig.02). Older Jurassic carbonate and clastic rocks that occur in northern Cuba are
interpreted as having been deposited in the Bahamas platform and are over thrust in the south by
an ophiolite mélange zone (Kesler et al., 2004). The Greater Antilles Arc is divided into two
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volcanic magmatic suites, an earlier primitive, tholeiitic island arc and a later calc-alkaline arc.
The early suite is a Cretaceous primitive island arc (Escuder Viruete et al., 2010) that consists
predominantly of tholeiitic basalt interlayered with pelagic sediments and felsic volcanic rocks
(Simon et al., 1999). The Los Ranchos, Tortue, Amina - Maimon Formations and the Duarte
complex in La Hispaniola and the Los Pasos Formation in Cuba form parts of the primitive
island arc (Simon et al., 1999; Escuder Viruete et al., 2006). The later calc-alkaline volcanic
phase is more extensive than the primitive island arc, and it is characterized by basaltic andesite,
andesite, and later felsic volcanism. Calc-alkaline plutonism is also associated with the late
magmatic episode (Pindell et al., 2012). The Tireo and Colomber Formations in La Hispaniola
and the Camujiro, Matagua, and Chirino Formations in Cuba are representative of this phase
(Simon et al., 1999). In addition, Upper Cretaceous to Paleocene tonalite and granodiorite
batholiths and diorite intrusions were emplaced, cutting across the volcanic sequence.
Inliers of Cretaceous high-pressure metamorphic rocks crop out in different areas in the
Greater Antilles. On La Hispaniola, the metasedimentary and metavolcanic rocks from the Río
San Juan, Puerto Plata, and Samana complexes crop out in northeastern La Hispaniola (Draper et
al., 1991). Small ophiolites and serpentinite are also mapped in the Samana complex, where a
Rb/Sr isochron from a mica-glaucophane schist gave an age of 90 Ma (Lewis and Draper, 1990).
On Cuba, the Escambray and Purial metamorphic complexes have been interpreted to be pieces
of old continental basement (Stanek et al., 2009). The Presquite du Sud complex located in
southern Haiti consists of ultramafic and basaltic metamorphic rocks interlayered with
calcareous sedimentary rocks and turbidities. The complex is strongly controlled by east–west
faults and lineaments, such as the Presquite du Sud fault, which extends throughout the Blue
Mountains of Jamaica. Those units range in age from 70.5 to 102.3 Ma (Lewis and Draper,
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1990). Siliciclastic and minor calcareous sediments were deposited contemporaneously with the
volcanism, consisting of the Peralta–Trois Rivière, Tavera, and El Mamey Formations in La
Hispaniola (Boisson, 1987; Dolan et al., 1991). Undifferentiated Late Cretaceous clastic and
volcaniclastic rocks are also mapped in southeastern Cuba (Stanek et al., 2009). The Cretaceous
and Paleocene rocks are overlain by Upper Eocene to Holocene siliciclastic and carbonate
sedimentary rocks, which have been interpreted to postdate magmatic activity in the island arc
(Escuder Viruete et al., 2006).
The Greater Antilles underwent strong tectonic deformation from the Cretaceous through
the late Eocene. Campanian deformation was associated with collision and accompanied by
metamorphism and reversal of the polarity of subduction. Deformation included successive
events of strike-slip faulting, uplift, and collision of the southern block by the late Eocene. This
deformation generated northwest-striking faults, such as the Septentrional fault, which is traced
for over ~200 km along strike. In addition, the Sierra Central and northern Haiti are controlled by
the La Hispaniola fault zone, the Bonao fault, the San Juan fault, and associated minor structures.
These faults could be part of a conjugate structure with the main transform structure in the
Cayman trough (Lewis and Draper, 1990; Mann et al., 1991). In Cuba, the tectonics are
characterized by northeast trending faults, such as the El Pinar fault in the west and the Cauto
fault to the east, which segmented the island into three structural blocks. This tectonism is
associated with the Bahamas collision and Late Cretaceous interaction with the Yucatan Block
(Stanek et al., 2009) (Fig.03).

Intrusive rocks
Several calc-alkaline batholiths and stocks have been described along the axis of the
Caribbean island arc (Kesler et al., 1977). The El Valle and Cevicos batholiths, located in eastern
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La Hispaniola, are mainly of tonalitic composition. 40Ar/ 39Ar isochron data from a mafic dike in
the Cevicos batholith yielded and age of 109.3 ± 5.2 Ma. Samples of the El Valle batholith
yielded ages from 109.8 ± 5.1 Ma to 85. 1 ± 7.9 Ma (Escuder Viruete et al., 2006).
The batholith and several stocks intrude rocks of the Cretaceous volcanic belt of the
Sierra Central and are continuous with the Massif du Nord in Haiti. Isochron data from the
tonalitic Medina stock yielded an age of 80 ± 2 Ma and a K-Ar age of 81 ± 2 Ma on the Jautia
batholith (Kesler et al., 1991). The El Rio, El Bao, and Jautia batholiths occur in the
northwestern part of the island. Geochronologic data include the following results: 97.0 ± 3 to
55.0 ± 3.4 Ma for the El Rio batholith; 70.5 ± 0.6 to 49.0 ± 2 Ma for the El Bao batholith; and
81. 0 ± 2 to 87.6 ± 0.3 Ma for the Jautia batholith (Kesler et al., 1977, 1991; Lewis and Draper,
1990). These intrusions are described as tonalitic – granodioritic with minor diorite; however, the
Jautia batholith is gabbroic to gabbro-dioritic in composition (Escuder Viruete et al., 2010).
The Loma de Cabrera batholith (LCB) is the largest intrusive body in the region, 80 km
in length and 30 km wide, formed by several phases including ultramafic rocks, gabbro-diorites,
tonalites, and mafic dikes (Escuder Viruete et al., 2006). It extends from Monción in the
Dominican Republic to Limbe in Haiti and is parallel to the regional structure of the Massif du
Nord. Published radiometric ages from the LCB batholith used different techniques. Ages ranges
from 125 Ma to 49.4 ± 0.6 Ma (Kesler, et al., 1977, 1991; Escuder Viruete et al., 2006). At the
Restauración area, a date on a hornblende tonalite yielded an age of 87.9 ± 2.5 Ma and a
40

Ar/39Ar isochron age on a dacite is 81.4 ± 0.8 Ma (Lewis and Draper, 1990). The Ounamintie

and Morne Organize Tonalite intrusions have a 40Ar/39Ar age of 55.7 and a younger K-Ar age of
45.7 ± 2.3 Ma (Boisson, 1987).
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Strongly foliated tonalites are mapped along the Cordillera Central that show greenschist
facies metamorphism. Escuder Viruete et al. (2006), based on a compilation of plateau 40Ar/39Ar
interpreted ages, interprets the cooling of the batholith to have occurred between 90 and 74 Ma,
with ductile deformation starting at 88 Ma and continuing to 74Ma. Therefore, this event is
interpreted as evidence for transpression of the Caribbean arc during the Late Cretaceous, which
triggered the thrusting and folding of the Tireo–Colomber Formation (Escuder Viruete et al.,
2006).
The Limbe tonalite–granodiorite intrusive located north of Haiti has a K-Ar age of 103 ±
5.2 Ma (Kesler et al., 1991). The Terre-Neuve quartz monzonite stock in northwestern Haiti,
which formed skarn mineralization at Memé, has a K-Ar age of 66.2 ± 1.3 Ma. and it is the most
alkaline intrusion in the region, together with the alkaline phases in the Camagüey district in
Cuba (Kesler, 1971).
The Camagüey batholith and other small stocks are described in central Cuba. The
Camagüey batholith consists of calc alkaline and alkaline intrusive phases, emplaced from 130 to
58 Ma (Simon et al., 1999). A 40Ar-39Ar age of 96 Ma has been assigned for a syenite, whereas
granodiorites yield ages of 91 – 70 Ma (Kesler et al., 2004; Stanek, et al., 2009). However, the
most important intrusive phase was largely granodioritic, and it was emplaced between 91-82 Ma
(Simon et al., 1999) (Fig 04).

Volcanic rocks
The volcanism at the Greater Antilles has a complex history as a result of the convergent
and transcurrent tectonics of the Caribbean plate (Lewis and Draper, 1990; Kesler et al., 2004).
The Greater Antilles is divided in two volcanic magmatic suites. The Early Cretaceous primitive
island arc consists predominantly of tholeiitic basalts interlayered with pelagic sedimentary and
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felsic volcanic rocks. The Los Ranchos, Tortue, and Amina-Maimon Formations and the Duarte
complex on La Hispaniola and the Los Pasos and Mabujina Formations on Cuba constitute the
rocks of the primitive volcanic arc belt (Escuder Viruete et al., 2010; Simon et al., 1999)
The Guacara–Bonao fault zone separates exposures of the schist of the Amina–Maimon
Formation on the northeast from metasedimentary and metavolcanic rocks on the southwest. The
Duarte complex is interpreted to have been deposited in a seamount environment (Lewis and
Jiménez, 1991). Due to the high metamorphic grade of these rocks fossils are not available;
however, Kesler et al. (1977) reports ages of 125 Ma for amphibolites interpreted as part of the
Duarte complex. Moreover, a basaltic sill exposed on the Rio Verde between the Duarte complex
and the Amina –Maimon Formations, along the Hispaniola fault, also was dated at 125.4 ± 0.4
Ma (Escuder Viruete et al., 2010). The Duarte complex in the Dominican Republic is considered
to range in age from early Barremian to late Albian (Early Cretaceous), and it correlates with the
Perches Formation in Haiti. The Tortue Formation is considered to be the extension of the
Amina–Maimon belt (Mann et al., 1991). The submarine volcanic and sedimentary units of the
Los Ranchos are well studied because they host the epithermal deposit at Pueblo Viejo. This unit
contains bimodal volcanic rocks with a tholeiitic affinity (Sillitoe et al., 2006). U-Pb ages yielded
dates of 113.9 ± 0.8 Ma to 118.6 ± 0.5 Ma on the lower part of the Los Ranchos Formation and
110.9 ± 0.8 Ma to 111.3 ± 0.6 Ma for the upper part (Kirk et al., 2014; Kesler et al., 2005b).
The Los Pasos, Teneme, and Mabujima Formations in Cuba also formed during the
primitive stages of the island arc and are composed of rhyolites and basalts, and volcaniclastic
and carbonate sedimentary rocks, and the top of the sequence includes ash-fall tuffs (Stanek et
al., 2009). The age of the formation is still not well constrained; however, the Mabujima
Formation, composed of amphibolites, is considered to be ~130 Ma (Pindell et al., 2012).
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The calc-alkaline volcanic phase is more extensive than the primitive, tholeiitic island arc
phase. Thus, the Tireo–Colomber Formation is the largest volcanic belt on La Hispaniola, ~290
km long and 40 km wide. It is subdivided into two different units because of its composition.
The Lower Tireo (Terrier Rouge Series in Haiti) is composed mainly of mafic to intermediate
composition tuffs and flows deposited in a marine environment. The Upper Tireo (La Mine
Series in Haiti) is composed of volcaniclastic rocks and tuffs of felsic composition, which is
interpreted to have been deposited in a continental setting but close to a subaqueous environment
(Lewis et al., 1991). The Upper Tireo is contains explosive and subaerial dacitic and rhyolitic
tuffs and lava flows and domes (Escuder Viruete et al., 2007). Sedimentary layers are described
as being interlayered in the volcanic sequence and locally are mapped as a different formation
(Maguinda Formation in Haiti). The Tireo Formation hosts several gold and copper occurrences
along the belt. The Tireo Formation represents continuous volcanism from the Cenomanian to
the early Campanian, i.e., spanning about the first half of the Late Cretaceous (Lewis et al.,
1991). Penetrative deformation, folding, and thrusting of the Tireo Formation started at 88 Ma
and continued to 74 Ma (Escuder Viruete et al., 2006).
Overlying the Los Pasos Formation in eastern Cuba, there is a sequence of basalts and
rhyolites of calc - alkaline composition that is interlayered with sedimentary rocks, and these
rocks of the Matagua Formation and Colombian Basalt are considered to be Albian to Coniacian.
The basaltic andesites and conglomerates of the Camujiro Formation are considered to be
Cenomanian–Turonian. The top of the volcanic sequence, consisting of highly alkaline to calcalkaline volcanic rocks of the La Mulata Formation, ranges from Santonian to Campanian (Kerr
et al., 1999; Simon et al., 1999).
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The El Cobre Formation located in eastern Cuba is a Paleocene island arc and consists of
a basal basalt, tuffs, and sedimentary rocks that are intruded by granodiorite and granite
intrusions at the Sierra Maestra (Kerr et al., 1999). Lewis et al. (1991) reported ages of 45-56 Ma
on the granitoid intrusions. (Fig 05)

Mineral deposits
Several mineral deposits occur along the Cretaceous arc from La Hispaniola to Cuba,
although only a few of them have yet become mines. The most studied deposits, which are by far
the most important in the Greater Antilles, are those of the world-class epithermal district of
Pueblo Viejo. Pueblo Viejo is a high-sulfidation deposit hosted in the primitive arc rocks of the
Los Ranchos Formation, and it contains estimated reserves and resources of 9.7 and 9.0 million
ounces of Au (Moz), respectively, with 5 Moz already produced (Barrick Gold Corporation,
2014; Simon et al., 1999). The alteration is typically pervasive silicification accompanied by
pyrophyllite with subordinate alunite (Muntean et al., 1990). Mineralization occurs as
disseminated and massive pyrite veins with low-iron sphalerite, galena, and enargite
accompanied by several sulfosalts; gold mineralization appears as tellurides, and electrum
(Kesler et al., 1981; Muntean et al., 1990). The age of the Pueblo Viejo mineralization has been
controversial (Kesler et al., 2005; Sillitoe et al., 2006). Recently, a Re- Os isochron on pyrite
yielded a date of 111.9 ± 3.7 Ma, and paleontological studies indicate that the Hatillo limestone,
which overlies the Los Ranchos Formation, is only slightly younger (Kirk et al., 2014).
The Restauración – La Miel district is a 30-km long belt of epithermal gold occurrences
that is located 160 km to the west of Pueblo Viejo, straddling the border between the Dominican
Republic and Haiti. The belt is hosted in the Tireo Formation (Colomber Formation in Haiti) and
is associated with calc-alkaline felsic volcanic rocks. The Candelones and Lomita Piña
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(Candelones Extension) are the most advanced projects on the Dominican Republic side of the
border. Unigold Inc. reports combined inferred resources in both deposits of 2.0 Moz contained,
with an average grading of 1.1g/t Au. The associated alteration is characterized by advanced
argillic assemblages (kaolinite-dickite-alunite-pyrophyllite–diaspore-illite) and silica - barite.
Mineralization is associated with massive pyrite and base metal sulfides (Goulet-Lessard, 2012).
In addition, other epithermal occurrences are under evaluation, as well as the porphyry target of
El Corozo (Unigold Inc., 2010) (Fig. 06).
The Restauración–La Miel epithermal belt is in fault contact with limestone and siliceous
clastic sedimentary rocks of the Bois de Laurence and Peralta Formations (Trois Rivière). The
contact dips northeast at Restauracion as a thrust fault, but is a steeply dipping normal fault that
dips southwest at La Miel. At Grande Savanne, another inflection in the contact creates a thrust
fault dipping east-southeast. A U-Pb date on a layer of rhyolite tuff at Restauración, which is
interpreted to have been deposited contemporaneous with mineralization, yielded an age of 89.1
± 0.1 Ma (Goulet - Lessard, 2012). The Loma de Cabrera intrusive rocks that cut across the Tireo
Formation close to Restauración yielded a U-Pb date of 87.9 ± 2.5 Ma on a hornblende tonalite
(Escuder Viruete et al., 2007) , and a 40Ar/39Ar date on a dacite yielded an age of 81.4 ± 0.8 Ma
(Lewis and Draper, 1990) (Fig. 07).
Mineralization at Morne Basilie, located only 5 km northwest of the SLP target at La
Miel, exhibits the same type of mineralization and alteration and is hosted by the same volcanic
rocks as SLP and thus could be contemporaneous with SLP. The Grande Savanne deposit,
located on the northwestern edge of the La Miel concession, shows late deformation by a thrust
fault in contact with the Bois de Laurence Limestone. The thrust fault puts slightly altered
sedimentary rocks in contact with mineralized volcanic rock of the Upper Tireo Formation (La
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Mine Series). A late rhyodacite intrusion cuts across the altered volcanic rocks. These geological
relationships indicate that mineralization formed prior to deformation (88-74 Ma) and perhaps in
part contemporaneous with deposition of the sedimentary rocks. The Bois de Laurence
Limestone is upper Campanian to Maastrichtian (~78 -65 Ma) based on fauna (Boisson, 1987).
Therefore, the age of the mineralization at Morne Basillie is regarded as ~ 90 Ma. In contrast to
the epithermal occurrences in La Miel, the Bois de Laurence Limestone also contains high-grade
gold mineralization as small veins associated with the fault zone in the bed of the Gramar River,
whereas the granodioritic intrusive and andesite host rocks contain barren pyritic mineralization
(Nicolini and Joseph, 1978). The intrusive rocks have not been dated, but the dominant
granodiorite in the area may have intruded during the main tonalite event in the Loma de Cabrera
batholith at 87 – 80 Ma (Kesler et al., 1991) (Fig. 08).
The Las Tres Palmas epithermal district is located in the southern part of the Cordillera
Central in the province of San Juan, Dominican Republic. Deposits are hosted in the Upper Tireo
Formation, which includes mainly flat-lying felsic pyroclastic rocks interlayered with
sedimentary rocks. The Romero and La Escandalosa deposits are well studied. The alteration at
Romero consists of quartz -illite–pyrite and contains Cu-Zn-Pb mineralization in the form of
chalcopyrite, sphalerite, and galena. Goldquest Inc. reports an inferred resource of ~2.1Moz Au
equivalent (Goldquest Inc., 2006). (Table 01)
VMS deposits are also present in the Dominican Republic. The Loma Pesada, Loma
Barbuito, and Maimon deposits are hosted in the Maimon-Amina Formation. The Maimon
deposit is the only one currently in production. It consists of polymetallic, semi-massive to
massive sulfide associated with Au and Ag mineralization. The mineralized horizon dips 40-70
degrees to the southwest; it is 10-15 meters wide; and it is continuous for 1 km. The current mine
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has a resource of 4.8 M tonnes with an average grade of 2.54% Cu, 34.9 g/t Ag, and 0.96 g/t Au
(Perilya.com, 2008). Maimon is hosted in metavolcanic rocks of the Maimon Formation. The age
of the formation is not well constrained, but fragments of fossils observed in the
metasedimentary rocks are assigned to the Lower Cretaceous (Lewis et al., 2000).
In contrast to the VMS deposits in the Dominican Republic, the VMS deposits in Haiti
are hosted by the Terrier Rouge Formation (equivalent to the Lower Tireo Formation) (Boisson,
1987). In the Camp Cooq area, more than eighteen Au-Cu showings have been described. The
Gran Bois deposit has a small indicated resource of 0.35 Moz Au with 2.24 g/t Au, and it is
hosted in stratabound, flat layers of rhyolite and andesite (Louca, 1989). The massive sulfides are
completely oxidized to gossan + barite ore. Nicolini and Joseph (1978) describe the Morne
Bossa–Cheisul – Pele deposits as similar to massive sulfide deposits and the Milot area. The
Morne Bossa deposit contains a small resource that contains 132,000 oz Au and has an average
grade of 1.84 g/t Au. The mineralization is hosted in strongly altered volcanic rock with gossan
(after massive sulfides) + barite (KWG Resources Inc., 1977; Claveau, 1986; Louca, 1989). Both
deposits are located at the interface between the La Mine and Terrier Rouge series (i.e., contact
between the Upper and Lower Tireo). Clastic sedimentary rocks mapped in close proximity to
the Grand Bois deposit are similar to the sedimentary rocks in the Colomber Formation
(Maguinda) and are Turonian–Coniacian based on contained fossils (Boisson, 1987). Therefore,
it may be speculated that the VMS deposits formed between 93 and 86 Ma. (See Table 02)
Porphyry deposit in the Dominican Republic occurs along the Loma de Cabrera batholith.
The El Corozo prospect contains Cu-Au mineralization of marginal economic value (Unigold
Inc., 2010). In addition, the copper occurrences are associated with the Lower Tireo Formation
wherein contact with the Loma de Cabrera Batholith (Goulet-Lessard, 2012). In Haiti, two small
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porphyry copper deposits have been studied: 1) Duvrai (92 M tonnes with an average grade of
0.44% Cu) and 2) the Blondin (50 M tonnes at 0.56% Cu), according to KWG evaluation (KWG
Resources Inca ., 1977). Copper mineralization is hosted in mafic volcanic rocks (Terrier Rouge)
intruded by small porphyritic quartz diorite stocks, which are less mineralized. In addition, other
copper occurrences have been reported around the area, such as Philipe and Nicole. In Mont
Organize, the Maman Noel and Grennier Cu–Au occurrences have been studied. Those prospects
are located near the El Corozo prospect in the Dominican Republic (KWG Resources Inc.,
1997).
The skarn deposit at the Memé mine is located at the Massif du Terre-Neuve. It is hosted
by the Terrier Rouge series (Colomber Formation) and the limestone units of the Maguinda
Formation that are in contact with a quartz monzonite intrusion, which is dated at 66 Ma. The
limestone appears to be roof pendant surrounded by intrusive rocks. The skarn contains garnet,
diopside, hedenbergite, epidote, idocrase, scapolite, and calcite, with magnetite, chalcopyrite,
bornite, pyrite, molybdenite, and chalcocite (Kesler, 1968). The Casseus skarn body is located 2
km northwest of the Memé mine on the same magmatic trend. It contains magnetite,
chalcopyrite, pyrite, hematite, covellite, and bornite, with gangue minerals such as andradite
garnet, diopside, tremolite, epidote, chlorite, quartz, and calcite. The principal metals are Cu - Au
and Ag (Harnish and Brown, 1985).
The Camagüey district is located in central Cuba and contains both high- and lowsulfidation epithermal systems (Kesler et al., 2004). The district consists of widespread deposits
that trend northwest along a ~160 km volcanic belt. The deposits are hosted in rocks of the calcalkaline portion of the Greater Antilles arc. The Camujiro Formation is composed of basalts,
andesites lava flows, agglomerates, and tuffs with local sedimentary rocks and is overlain by the

22

felsic volcanic and sedimentary rocks from the Aguilar, Piragua, and Caobilla Formations. The
sequence is considered to be Albian to middle Campanian in age. The Camagüey batholith is
composed of calc-alkaline and alkaline intrusions. Studies of the different phases conclude that
the intrusive rocks were emplaced between 130 and 58 Ma (Simon et al., 1999). However, the
main intrusive phase, which is largely granodioritic in composition, was emplaced between
91and 82 Ma (Simon et al., 1999). Felsic lava flows and domes of the La Sierra Formation
overlie those formations and the batholith and are dated at 79 ± 4 Ma. Adularia in the San Jacinto
vein, a low-sulfidation deposit, has been dated at ~72 Ma. In contrast, 40Ar/39Ar dating of
hypogene alunite from the La Deseada deposit, a high-sulfidation deposit, yielded an age of ~80
Ma. This indicates that mineralization is coeval with the intrusive rocks and indicates rapid
erosion and denudation of the batholith to emplace subareal epithermal deposits (Simon et al.,
1999; Kesler et al., 2004).
METHODS

Geological mapping
Geological mapping at the SLP target and the wider La Miel district was conducted in
two stages, regional reconnaissance and district mapping (1:20K scale) and local project scale
(1:5K and 1:2.5K). Trenches and road cuts were mapped in detail at scales of 1:500 or 1:250.
The method of mapping was a variation on the “Anaconda method” (e.g., Brimhall et al., 2006),
adapted to epithermal systems by Newmont. Detailed outcropping mapping was conducted using
several layers to record the different geological features. This information was digitalized into
ArcGIS.
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U-Pb zircon dating
Two samples were selected from the La Miel – SLP target to help constrain the age of the
host, mineralization, and a late subvolcanic intrusion associated with the deposits. Each sample is
a 3.9-kg composite. The first sample was from the host rock (LMDH08 – Xtf andesitic rock from
183.00 to 199.25m), and the second sample was from the late volcanic episode from a rhyolite
dome (LMDH07 from 111.50 to 130.05m). Separation of the zircon crystals was made in the
Zircon Lab LLC. Unfortunately, the andesite sample did not contain zircon crystals. In addition,
two samples were selected to date the mineralization using the 40Ar/39Ar method (LMDH0632.40m and LMDH07-17.50m). However, these samples lacked sufficient concentrations of Kbearing minerals to be useful for radiometric dating. Sample LMDH07-01 was dated by the
uranium- lead (U-Pb) zircon method in the Arizona LaserChron Center at the University of
Arizona. A Nu Plasma HR MC-ICPMS coupled to a Photon Machines Analyte G2 excimer laser
equipped with a HelEx low-volume cell was used for U-Th-Pb geochronology. Standards used in
the analysis include a Sri Lanka zircon, which is an in-house standard calibrated by ID-TIMS and
CA-TIMS, with a standard age of 563 ± 2.3 Ma (2σ), and the R33 zircon that has an ID-TIMS an
age of 419.3 ± 0.4 Ma (Black et al., 2004; Gehrels, 2010). In addition, high-resolution BSE
pictures were taken to characterize the samples with a Hitachi 3400N SEM.
Thirty-eight zircons were analyzed from the composite sample of LMDH07, the late
rhyolite. Zoned zircons were analyzed along the rim and core to capture possible inheritance
from an earlier magmatic event or basement rocks.

Microscopy
Seventeen polished thin sections were studied petrographically to characterize the rocks
and mineral associations in the SLP project. The samples were carefully selected from the drill
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core at different depths of mineralization and from different types of associated alteration. In
addition, a Scanning Electron Microscope (SEM) JEOL 6010LA was used to determine the
composition and associations of specific minerals using the EDS (energy–dispersive
spectroscopy) method. The number of samples studied was not enough to generate an accurate
baseline for the possible variation in alteration. It was complemented with information of drill
hole and surface samples, which were analyzed by Mineral Spectrometer (TerraSpect 4 Hi-Res).
These petrographic methods helped to identify ore minerals and alteration products,
which allow determination of the interpreted mineral paragenesis for the SLP deposit.
U-PB ZIRCON DATING OF SLP RHYOLITE DOME
The Savanne la Place (SLP) rhyolite dome in the La Miel district, described further
below, is key to understanding the age of mineralization at the SLP project; so the rhyolite was
dated during this study. More complete descriptions of the rock and interpretations regarding the
significance of the age are presented in later sections.

Analytical results
Thirty-eight zircon crystals were separated from the composite sample of rhyolite
selected from drill core. The rhyolite is exhibits weak alteration of original ferromagnesian
minerals to chlorite, and weak alteration of feldspars to sericite (Fig. 09).
The yielded U-Pb zircon age of the rhyolite is 84.3 ± 1.4 Ma (Santonian). The results
show consistent results between grains (See appendices). At least two analyses were made in
well zoned zircons (Fig. 10), but ages of the core and rim of the zircon grains are within ±1.5
Ma. The zircons show evidence of possible inheritance from an earlier magmatic event but not
from local basement rocks (Fig. 11, 12).
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GEOLOGY OF THE LA MIEL DEPOSIT

Rock Types
La Mine series, Upper Tireo Formation
Pyroclastic flows and agglomerates with different compositions are mapped at a district
scale. There are five internal units at the SLP project that can be distinguished from each other
based on relative abundances of quartz, mafic minerals, feldspars, and lithic fragments. Rocks
are classified according to the criteria of McPhie et al. (1993).
•

Quartz crystal flow (Qxtf) – This is a lava rhyolite flow that contains abundant (10-20%)
quartz phenocrysts >2mm in size, as well as phenocrysts of feldspars and mafic minerals
set in a microcrystalline matrix.

•

Crystal lithic tuff (XLtf) – This is a dacitic pyroclastic rock with <3% quartz phenocrysts
<3mm in size, feldspars <2mm in size; the matrix contains small but abundant
hornblende; lithic fragments are present >3%. The matrix is aphanitic.

•

Fine crystal flow (Fxf). This is a homogeneous lava flow, andesitic in composition. The
green aphanitic matrix contains abundant fine-grained mafic minerals and less abundant
feldspars. This unit is present in the southwestern part of the area in small layers between
the felsic units. However, this unit thickens to the northeast, where it is in contact with
the granodiorite intrusive from the Loma de Cabrera batholith.

•

Quartz crystal lithic tuff (Qxltf), a variation of the first unit with the difference that the
proportion of lithic fragments is higher by more than 5%.

•

Crystal tuff (Xtf). A variation of the second unit, but the proportion of lithic fragments is
less than 3%, and it contains up to 2% of quartz phenocrysts.
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Primary minerals were difficult to observe in thin sections because the units are strongly
altered. The mafic minerals are completely altered to sericite+clay and/or chlorite+clay. The
matrix is composed of microcrysts of small mafic minerals and less abundant feldspars with
strong sericite and illite alteration. Transects made with the Scanning Electronic Microscope
(SEM) and EDS mapping shows the fine matrix is altered completely to illite. Abundant
disseminated pyrite is observed in the matrix as small cubic crystals.
The overall volcanic sequence dips steeply (65-75°) southwest with small variations from
the SLP project to the Morne Basillie prospect. In the SLP project, normal faulting brings the
volcanic sequence in contact with the calcareous sedimentary rocks of the Bois de Laurence
Formation. In contrast, at the Restauración area, the volcanic sequence is in thrust fault contact
with the sedimentary sequence. This is attributed to the inflection of the fault facing towards the
northeast, which caused the folding and over thrusting of the volcanic units. (Fig. 13)
Phreatomagmatic Breccia Diatreme
A hidden body of breccia was intercepted by three drill holes in the SLP project. The
breccia consists of sub-rounded heterolithic clasts of wall rock and juvenile lithic fragments in
fine microcrystalline matrix with broken crystals cemented by fine silica and sericite, which
constitutes a phreatomagmatic breccia and diatreme body in the terminology of Sillitoe (1985).
The geometry and extent of the diatreme is not well constrained, but its position corresponds to a
circular feature defined by electric geophysical survey anomalies. It also occurs at the
intersections of inferred northerly and northeasterly striking lineaments and a bend in attitudes of
the volcanic sequence. Based on these observations, the diatreme could has a diameter of
approximately 250 m. Alteration in the diatreme is dominated by weak silicification of the
matrix with sericite+illite and grading to chlorite+illite at depth. Disseminated pyrite is present
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throughout but in variable amounts. Two stages of brecciation have been distinguished in the
diatreme, and a third stage is associated with a superimposed hydrothermal breccia.
Subvolcanic intrusion
Two subvolcanic intrusions have been described in the SLP area, a rhyolite subvolcanic
body and a dacite dike.
Subvolcanic rhyolite: This unit crops out at the surface for a distance of 4 km long like a
sill, parallel to the mafic volcanic units in between the crystal lithic tuff and the crystal tuf.
However, at the SLP, this unit is in part domal with a half-mushroom shape (where the other half
was possibly eroded). The unit occurs at a bend in the strike of the volcanic sequence and at the
intersection of northeasterly and northerly lineaments. The rhyolite was emplaced along the edge
of the diatreme; intruding and crosscutting the diatreme, hydrothermal breccias, and mineralized
quartz veins, and lifting part of the deposit 120 m above its original position. The deeper part of
the epithermal system occurs beneath the surface outcrop of the rhyolite. A large xenolith (3 m
across) of mineralized breccia in rhyolite was intercepted in a drill hole. Petrographic
observations show large phenocrysts of sub-rounded magmatic quartz and phenocrysts of zoned
plagioclase with rims altered to sericite but with unaltered cores. The mafic minerals are
incompletely altered to chlorite and pyrite, with relict hornblende and biotite. The
microcrystalline matrix contains quartz and feldspars. The matrix contains, sericite alteration of
micro-feldspars in fine elongated microcrysts. Sporadic zircon grains are observed as accessories
within biotite. Because of its relatively weak alteration, the rhyolite is interpreted to have been
emplaced during the waning stages of the hydrothermal system.
Dacite dike (Dac): A subvolcanic dike is mapped in the southwestern part of the area,
where it is in fault contact with the rhyolite dome and intrudes the crystal tuff. Although the

28

contacts of the dike are in part roughly parallel to the volcanic sequence, the dike is elongate
towards the northwest and has contacts with irregular orientations to the southwest. The dacite
consists of a dark, fine aphanitic matrix with quartz phenocrysts, small feldspar phenocrysts, and
a few mafic phenocrysts. (Fig. 14 - 15)
Loma de Cabrera Batholith
This intrusive complex crops out northeast of the SLP project. It consists of granodiorite
and tonalite stocks with late diorite dikes, which all intrude the volcanic sequence. Roof pendants
of volcanic rocks are associated with local hornfels. Diopside–epidote veins crosscut the
volcanic rocks. The tonalite has an equigranular texture and is composed of quartz, feldspars,
and biotite. Hornblende is present in small proportions (>3%). Foliated tonalite, which has been
described within the batholith by Escuder Viruete et al. (2006), has not been observed near the
SLP project area. There are two samples with radiometric age data close to the SLP project:
samples of tonalite yielded 40Ar/39Ar ages from hornblende of 87.9 ± 2.5 and 83.0 ± 9.2 Ma
(Escuder Viruete et al., 2006), and in the Restauración area, a 40Ar/39Ar date on a hornblende
from a hornblende tonalite yielded an age of 88.9 ± 2.6 Ma (Escuder Viruete et al., 2007).

Structure and deformation
At least three different orientations of faults and lineaments have been mapped in the
area. The main faults associated with the prospect strike northwest and control both the alteration
and mineralization in the system. North-south and north-northeast faults and lineaments are
mapped in localized areas. A third fault set trends southwest-northeast, which is post
mineralization. These faults could be a reactivation of previous northeast faults.
The mineralized bodies in the KL-PL and Petit Amie targets exhibit northwest elongation
associated with early northwest faults and also to the lithological contrast where some layers of
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the crystal tuff are more susceptible to alteration. Silicified bodies containing silica - clay
alteration are mapped along 1.35 km in the KL–PL targets. The alteration associated with the
SLP and Petit Amie targets occur in wider areas in intersection of N-S and NW faults but still
maintain the general northwest orientation. This structural intersection provides ductile
interphase to triggering the phreatomagmatic breccia emplacement, and later the dome intrusion.
A regionally extensive, northwest-striking fault places the La Mine volcanic sequence in
contact with the calcareous sedimentary rocks of the Bois de Laurence Formation. The normal
fault dips steeply, 60-80 degrees towards the southwest. The sedimentary rocks are altered to
opaline silica along this fault-contact with strong iron oxidation. Selective sampling of the fault
gouge yielded grades of ~0.4 g/t Au. These observations indicate that this fault may have been
active during the late-stage of the epithermal mineralization (Fig. 16).
Late, northeast striking faults with a strike-slip component are cut across the sedimentary
and the volcanic rocks. The maximum movement measured was an apparent dextral component
of 80 m.

Wall-rock alteration
Hydrothermal alteration is extensive at the SLP project, but is restricted to certain
lithological units. The crystal tuffs (Xtf) with dacitic composition were more susceptible to
alteration. Four major alteration types were distinguished: (1) silicification, (2) silica–clay, (3)
argillic, and (4) propylitic. Alteration is spatially zoned in plan view near the surface from
silicification grading outwards to silica–clay, argillic, and propylitic (chlorite±epidote) (Fig. 17,
Fig. 18).
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Vertical zoning of alteration from surface to depth consists of strong silicification with
crustiform, colloform, comb and bladed textures grading downward to weak
silicification+sericite+illite and sericite+chlorite+illite±anhydrite. The upper part of the boiling
zone, part of the hydrothermal breccia, and the upper part of the diatreme probably have been
eroded and deposited as colluvium. Boulders of hydrothermal breccia cemented with massive
barite are part of the colluvium and may have been eroded from higher levels of the system.
Silicification is restricted to massive breccia bodies with multiple stages of hydrothermal
brecciation, silica replacement along open fractures, and quartz veins. A breccia body is mapped
at the center of the SLP target at the top of the hill over the rhyolite dome (Fig. 19). It is
characterized by multiple stages of hydrothermal brecciation with fragments of banded quartz
veins. The matrix consists of chalcedonic silica and minor amounts of illite and sericite.
Hydrothermal brecciation decreases with depth, as does the abundance of quartz veins and the
silicification grades to silica clay alteration.
The banded quartz veins show textures that are similar to those observed in many lowsulfidation epithermal systems (e.g., Simmons et al., 2005); however, the mineralogy is different
(e.g. adularia, sulfosalts, tellurides are not reported at the SLP). The banded texture is usually
interpreted to represent episodic rapid nucleation that occurs as a result of intermittent boiling
and changes in pressure (Taylor, 2009). The quartz veins are brecciated during the second stage
of hydrothermal brecciation, such that coherent veins are not well preserved (Fig. 20). Banded
quartz veins exhibit lattice, comb, chalcedonic, and bladed textures (Dong et al., 1995). These
textures have also been observed in thin section. More than eight different silica bands were
observed in an individual vein. However, just two bands contain sulfides. The composition of the
veins from the edge to the center is as follows: 1) fine microgranular silica without sulfide; 2)

31

pseudo-acicular texture with blades of fine-grained silica after barite or calcite (lamellar texture),
and medium-grained quartz infill matrix with fine quartz+ sericite (Fig. 21 - 22); 3) Mediumgrained quartz with acicular botryoidal texture; 4) Medium to fine quartz grain size with
botryoidal texture +sericite+illite, containing coarse sphalerite±pyrite mineralization. This fourth
type is repeated and alternates with bands of the second type; it contains sulfides which vary in
proportion from sphalerite + chalcopyrite + pyrite to sphalerite + pyrite and traces of
chalcopyrite (Fig. 23); 5) Acicular and lamellar texture of silica includes blade-like forms after
calcite and perhaps barite; 6) Medium-grained quartz with acicular and botryoidal texture infill
with fine quartz grains with relict pieces of lamellar texture, mineralized with
pyrite+chalcopyrite+sphalerite and the border of the vein contains chalcopyrite±pyrite (Fig. 24 25);7) Large, massive quartz crystals without sulfides; 8) Late, very fine-grained veins of white
quartz veins cut across the banded quartz.
Silicification along open fractures has been mapped at both KL and PL targets and less
silicification at Pettit Amie. The silica bodies contain massive textures destroyed by silicification
and weak brecciation with white porcelaneous silica embedded with goethite and hematite in
fractures and weak clay. These silicified bodies can be traced over 100 m length and are up to 12
m wide. These bodies are discontinuous, they pinch and swell, and they are observed along strike
for a distance of 1350 meters. The alteration halos consist of silica and clay close to the silicified
body and grade outwards from kaolin ± illite ± smectite to chlorite±pyrite±epidote alteration
over several meters.
Silica-clay alteration has been mapped over extensive areas at SLP and the Petit Amie. In
contrast, the KL–PL areas, silica-clay alteration is restricted to near the silicified bodies, grading
to argillic alteration. In thin section, it is observed that in silicified hydrothermal breccias and the
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diatreme, the alteration grades from strong silicification to silica-clay with
silicification+illite+clay in the matrix and sericite–illite in the lithic fragments. Chlorite is
preserved in some fragments. SEM analysis has demonstrated that most of the clay is illite with
minor smectite. Terraspect analysis confirms these observations (Fig. 26).
Argillic alteration is mapped as halos on veins and silicified bodies in the system, and it
extends over large areas. Argillic alteration consists of feldspars to clays and partial conversion
of mafic minerals to chlorite and the matrix to clays. It is accompanied by exotic limonite
staining along fractures. Sparse sulfide is part of this alteration, and is observed mostly as
goethite after pyrite. In drill core, argillic alteration is observed in the diatreme in different
intensities in some areas and is associated with minor silicification. Pyrite is the common sulfide
mineral present. Chlorite is the dominant alteration product with respect to the mafic minerals
present. Thin sections show that the matrix is altered to fine-grained illite. Sericite is restricted to
select lithic fragments, and chlorite completely replaces relicts of hornblende and biotite.
Anhydrite veins are also observed. These relationships were observed also from scanning
electronic microscopy (SEM) maps (Fig. 27 - 28).
The mapped extent of propylitic alteration surrounds argillic alteration. Propylitic
alteration contains chlorite with traces of epidote altering mafic minerals and feldspars. It is
associated with weak disseminations of pyrite in the rock. It is distinguished from the regional
chloritic alteration by the presence of pyrite and minor epidote.
Mineralization
Hydrothermal breccias and quartz veins host the mineralization in the SLP project. The
banded quartz veins are associated with pyrite–sphalerite–chalcopyrite that contain elevated gold
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and silver grades. At the microscopic scale, different mineral associations have been observed in
a variety of petrographic textures.
Three stages of pyrite are observed. Pyrite 1 is a coarse anhedral pyrite associated with
the vein stage. Pyrite 2 is small and fine grained and is associated with hydrothermal breccias
with sericite and illite. Pyrite 3 is associated with the late stage of the diatreme and the rhyolite
and is associated with sericite+chlorite (Fig. 29 - 30).
Chalcopyrite occurs in two different stages. Chalcopyrite 1 accompanies the
mineralization with the banded veins and is associated with pyrite and sphalerite. Textures
showing “chalcopyrite disease” in sphalerite (e.g., Eldridge et al., 1988) are noted along the
cleavage planes (Fig. 31). Chalcopyrite 2 is associated with veins and stringers in the deep part
of the system with low pyrite. High grades of gold have been reported within these veins (Fig.
32).
Sphalerite is present in brownish gray crystals in the banded quartz veins. The iron
content is under the limit of detection of the SEM analysis (>1%) which is an indication of the
low iron content in the sphalerite. Cadmium sulfide (greenockite or hawleyite) is associated
exclusively with sphalerite and is observed as infill of micro–fractures and forms micro-veins in
the sphalerite grains. The presence of cadmium in the sphalerite also is an indication of a low
iron content of sphalerite (Barnes and Czamanske, 1967) (Fig. 33). Textures indicative of
exsolution of small and rare inclusions of galena have been observed in sphalerite (Fig. 34).
Chalcocite and covellite are described in the uppermost 17 m of mineralization, which
suggests that they are of supergene origin. They replace chalcopyrite, pyrite, and sphalerite.
Goethite is present in the upper 12 m, replacing sulfides.
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Gold and silver occur in elevated amounts, but tellurides, electrum, and sulfosalts have
not been observed at the SLP project. Additionally, neither native gold nor native silver have
been observed in the polished thin sections thus the locus of gold and silver remains uncertain.
Figure 35 summarizes the observations described above, presented as a paragenetic
diagram.

Elemental zoning
Metal zoning at the SLP project is summarized in the section A-B (Fig. 36). Gold and
silver values are higher in the upper levels of the system, where they are associated with the
silica veins that decrease in abundance with depth. Sphalerite-pyrite–chalcopyrite occurs as a
sulfide bands in the silica veins. The abundance of sphalerite decreases with depth, and the
abundance of pyrite - chalcopyrite decreases at a greater depth than where sphalerite occurrences
become sparse. Late chalcopyrite–pyrite stage is present as veins and stringers at deeper levels,
carrying high-grade gold. These features could indicate feeders or could represent a second event
of Au-Cu mineralization. Pyrite is continuous all the way down the hole (304 m), with small
intervals of massive pyrite.
INTERPRETATIONS

Implications of new U-Pb zircon date on age of the mineralization at La Miel
The new U-Pb age data from the rhyolite (84.3 ± 1.4 Ma) constrains the age of
mineralization at SLP project. The rhyolite dome in the SLP intrudes and cuts across a blind
body of breccia diatreme, hydrothermal breccias and mineralized quartz veins, and it lifted part
of the deposit 120 m above its original position. This geological evidence suggests that that the
rhyolite was emplaced post-mineralization. Nonetheless, the rhyolite exhibits weak hydrothermal
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alteration, which is consistent with its emplacement during the waning stages of the
hydrothermal system. Based on these geologic relationships, the mineralization in SLP probably
formed at ~85 Ma. Thus the age of mineralization at the SLP target is slightly younger than the
age of the Restauración deposit at the eastern end of the district, dated at 89.1 ± 0.1 Ma (Goulet Lessard, 2012).
These results have analogues in epithermal systems elsewhere in the world. Dikes and
domes commonly are emplaced following formation of maar-diatreme complexes (e.g., Sillitoe,
1985), and domes and late dike swarms commonly develop synchronous with deposition of
epithermal deposits and during the waning stages in the evolution of those systems. At Kelian,
Indonesia (Davies, et al., 2008a, 2008b), Roşia Montană, Romania (Wallier et al., 2006), Mount
Rawdon, Queensland (Brooker and Jaireth, 1995), Yanacocha, Perú (Longo et al., 2010), and
Montana Tunnels, Montana (Sillitoe et al., 1985), mineralization is broadly coeval (0.5 -1 Ma)
with a waning stage of intrusion.

Relative age of deformation and mineralization
The Greater Antilles underwent tectonic deformation beginning in the Cretaceous and
continuing into the late Eocene. The Campanian deformation is associated with collision,
accompanied by metamorphism and reversal of subduction polarity. Compression during this
period is manifested by strike-slip faults, uplift, and northwest striking faults such as the La
Hispaniola fault zone, the Bonao fault, and the San Juan fault. Some workers have suggested that
these structures could be conjugate structures of the main transform structure in the Cayman
trough (Lewis and Draper, 1990; Mann et al., 1991). These regional faults were active during the
emplacement of the Loma de Cabrera batholith and the Upper Tireo- La Mine volcanic rocks.
Escuder Viruete et al. (2006) interpreted the Loma de Cabrera batholith as cooling between 90
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and 74 Ma based on a compilation of 40Ar/39Ar data in foliated and unfoliated intrusives. Ductile
deformation began between 88 and 74 Ma, and with major intensity between 88 -84 Ma (Middle
Coniacian to Middle Campanian), earlier than the time suggested by Lewis and Draper (1990)
and Mann et al. (1991). Therefore, this event is interpreted as transpressional stress causing the
ductile deformation, with strike-slip movements that triggered thrust faulting and folding of the
Tireo – Colomber Formation over the Bois de Laurence and Trois de Rivière sedimentary rocks
(Escuder Viruete et al., 2006).
This important event is coeval with the epithermal stage in the La Restauración – La Miel
district. It is interpreted that the strong deformation from 88 -84 Ma deformed the volcanic rocks,
causing the thrust faults at Restauración, tilted it steeply towards the southwest at SLP, and
finally emplacement of the epithermal systems at Restauración at ~88 Ma and at La Miel at ~85
Ma. Deformation continued until 74 Ma, resulting in thrusting and folding of the less compacted
sediments from the Trois Rivière.

Relationships of mineralization to the diatreme
The diatreme breccia at the SLP project was emplaced before the mineralization, and it
generated early hydrothermal fluids with intermediate argillic alteration and disseminated pyrite.
The contact of the diatreme with the host rocks was utilized by hydrothermal fluids to precipitate
the bulk of the banded quartz veins and ore minerals. The second stage of mineralization
brecciated the earlier materials and cemented them with silica+pyrite+sericite–illite, also altering
and brecciated the diatreme host. The late explosive stage of the diatreme re-brecciated the
previous stages and possibly remobilized the mineralization. (Fig. 37) This last stage may have
been triggered by the intrusion of the rhyolite dome. Weak alteration was generated at this stage,
with chlorite–illite and selective sericite replacing feldspars and traces of pyrite replacing
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ferromagnesian minerals (Fig. 38 - 39). Considering that the boiling zone occurs between 300 600 m (Heald et.al., 1987; Simmons et al., 2005); therefore, at least ~300 m below the
paleosurface and part of the inferred, underlying boiling zone has been interpreted to have been
eroded from the SLP system and deposited as colluvium.
The diatreme breccia triggered the mineralizing fluids and worked as a conduit; in
addition, it acted as a permeable host rock where mineralization was precipitated. The geometry
of the diatreme is not well constrained, and further work is needed to determinate the possible
extensions of the mineralization along the diatreme contact.
Many epithermal deposits are associated with hydrothermal vents, and with phreatic and
phreatomagmatic diatreme breccias, as discussed above the cited examples are associated with
intermediate sulfidation deposits, except for Yanacocha, which is a high-sulfidation system.

Classification of the deposit
Epithermal deposits are classified based on the contained minerals and the sulfidation
state implied by the mineral assemblages observed. Epithermal deposits commonly are classified
into high, low, and intermediate sulfidation state deposits (Sillitoe and Hedenquist, 2003;
Simmons et al., 2005). Intermediate argillic alteration has been named to describe the mineral
association of kaolin+sericite+interlayered clay (montmorillonite–illite) and include
metasomatism with leaching of calcium, sodium and magnesium. (Meyer and Hemley, 1967;
Rose and Burt, 1979). This mineral assemblage is accompanied by carbonates±quartz±adularia,
the typical gangue minerals in intermediate sulfidation deposits. In contrast to iron-rich
sphalerites (marmatite), which is characteristic of low-sulfidation systems, intermediate
sulfidation systems are characterized by iron-poor sphalerite (brown, light brownish–yellow
color), tennantite, tetrahedrite, chalcopyrite, and galena.
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The SLP project is best classified as an intermediate sulfidation system. High-iron
sphalerites are deposited at high temperatures, and the decrease of iron content is attributed to
but not proved by the presence of impurities like cadmium and manganese (Barton and Skinner,
1979). At the project, the low-iron sphalerite has been quantified by the SEM analysis (<1%),
and the presence of CdS associated with the sphalerite. The absence of adularia in the system
remains unexplained, but potassic alteration is present in low proportions with sericite and illite
in the system. The low potassium in the alteration could be explained by the low-potassium
volcanic rocks present in the arc island (Escuder Viruete et al., 2007).

Causes of alteration and metal zoning
The alteration is zoned laterally from a core of silicification outwards to silica–clay
(kaolin–illite ± smectite), argillic (kaolin–smectite), and propylitic (chlorite ± epidote). Although
no work, such as on fluid inclusions, has been performed to confirm the boiling of fluids in the
SLP project at La Miel, the zoning may reflect a temperature gradient, from deposition of silica
at boiling at ~ 300° C, interlayered illite – smectite at 100° – 200° C, and kaolin – smectite at
low temperature (150°-100°C); (Corbett and Leach, 1998). High precious metal content
commonly has been ascribed to boiling, with base metal mineralization increasing below
(Buchanan, 1981; Drummond and Ohmoto, 1985; Reed and Spycher, 1985; Simmons et al.,
2005).
DISCUSSION

Significance of the Late Cretaceous volcanism for the rest of Hispaniola – Cuba
region
The tectonic history in Great Antilles has influenced the formation and distribution of
mineral deposits along the Cretaceous island arc. The primitive island arc volcanic rocks that
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crop out mostly in the Dominican Republic host the major epithermal deposit of Pueblo Viejo,
and the Coniacian tectonic deformation and concomitant sedimentation may have helped to
preserve it from the erosion. It is possible that other epithermal and VMS deposits were eroded;
on the other hand, concealed deposits could exist. The most extensive volcanism in La
Hispaniola and Cuba during the Late Cretaceous hosted several mineral occurrences and
important variety of deposits. During the early Cenomanian–Turonian, when few deposits
anformed, monotonous mafic volcanism predominated, whereas later during the Coniacian–
Campanian felsic volcanism was more active (Escuder Viruete et al., 2006) and more deposits
were formed. This late volcanism is associated with the collision and a reversal of the subduction
polarity in the volcanic arc, changing from northeast to southwest subduction, triggering
deformation, volcanism, and associated mineral deposits (Lewis et al., 1991; Escuder Viruete et
al., 2007). Calc-alkaline magmatism is responsible for the major Cu and Au occurrences in the
Greater Antilles. In Cuba, magmatism was more alkaline than on La Hispaniola; however, the
ages of emplacement correlate with magmatism on La Hispaniola, as do the ages of mineral
occurrences (Proenza and Melgarejo, 1998; Simon et al., 1999; Stanek et al., 2009). Late clastic
sedimentary rocks cover a large part of the volcanic arc in northeastern Hispaniola and central
Cuba; however, windows of Cretaceous volcanic rocks could contain concealed ore deposits.
In northern Cuba the collision with the North American overthrust platform rocks,
covering the Cretaceous volcanic rocks during the Eocene; however, central and eastern Cuba
are still prospective. After thees two volcanic events, other important magmatism is not recorded
on the island. In eastern Cuba, there are exposures of Paleocene to middle Eocene volcanic
rocks, as is recorded in La Sierra Maestra with Au – Cu mineral occurrences in VMS deposits
(Proenza and Melgarejo, 1998).
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Implications for further exploration
At the district scale, the Upper Tireo Formation at La Miel is composed of felsic rocks
formed during effusive and explosive events. The effusive volcanics are interpreted to have been
emplaced late in the evolution of the epithermal system; consequently, they can conceal earlier
epithermal deposits, as is noted at La Miel and in the Restauración area. The period of deposition
and deformation of the Tireo Formation was short lived. Therefore, over thrust faults may have
interacted with the same volcanic units, but they are difficult to recognize and record due the
lack of outcrop and strong weathering in the tropical environment. The deposition of the Bois de
Laurence, Trois Rivière, and Peralta calcareous and siliciclastic sedimentary rocks are
contemporaneous and locally affected the latest events in the epithermal system (SLP- Juan del
Bosque-Grande Savanne); therefore, those sedimentary rocks also can conceal older mineral
deposits.
Finally, epithermal deposits as well as porphyry deposits occur in clusters as small
districts, so the presence of a small occurrence can point to a later, bigger discovery. Therefore,
an emphasis on tools such as mapping and improving understanding the volcanic stratigraphy,
structure, and kinematics may offer keys to future exploration.
CONCLUSIONS
The Late Cretaceous calc-alkaline volcanic arc in Hispaniola and Cuba contain
outstanding examples of Au–Cu occurrences of epithermal, VMS, porphyry, and skarn types; in
addition, it includes three epithermal districts with gold resources. Better understanding of the
volcanic stratigraphy and structural kinematics of the districts may lead to the discovery of
concealed deposits under cover.
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The phreato-magmatic breccia vent was emplaced at an intersection of northerly and
northeasterly striking faults within the northwesterly regional trend of the arc. It could provide
ductile interface for where the diatreme triggered its emplacement, vent for the fluids generating
the first stage of mineralization and alteration, quartz veins deposition, hydrothermal brecciation,
and later the dome intrusion.
The ratio of Ag/Au is 3:1. The mineral assemblage found in the deposit is low-iron
sphalerite-chalcopyrite–pyrite±galena, associated with quartz–sericite–illite±calcite grading to a
quartz-poor assemblage of sericite–chlorite–illite at depth and kaolin-illite-smectite outwards of
the system. The Savanne la Place (SLP) system at La Miel is classified as an intermediate
sulfidation system.
The new U-Pb zircon date for the rhyolite (84.3 ± 1.4 Ma) constrains the age of the
mineralization at the Savanne la Place (SLP) deposit at ~85 Ma based on geological relationships
between the rhyolite, mineralization, and the diatreme. The rhyolite dome lifted the upper part of
the mineralization, which has subsequently been eroded and re-deposited as gold-bearing
colluvium. However, part of the system is preserved below the rhyolite with the geometry under
constrained. Further exploration is granted to define the size and potential of the deposit. In
addition, the close relationship of the rhyolite with the evolution of the system during the waning
stage provides encouragement for additional exploration along the margins of other similar sills
and domes in the district.
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FIGURES CAPTION
Fig. 01 Location map for the Greater Antilles and the location of the La Miel-Restauración
epithermal district.
Fig. 02 Insert of the present day tectonic map of the Caribbean Region, after Pindel & Kennan
(2009).
Fig. 03 Regional geologic map from Cuba - La Hispaniola showing the main magmatic units
(intrusive rocks/stocks and volcanic) and metamorphic complexes, modified from Lewis (1990),
Kesler (1990), Viruete (2006) and Stanek (2009).
Fig. 04 Graphic of the correlation of main intrusive events in Cuba - La Hispaniola. This
illustration shows the different batholiths and intrusives with its geochronologic age data. The
histogram at the right shows the predominance of the intrusive events during the Upper
Cretaceous where the El Valle, Medina, El Rio, Loma de Cabrera and Camagüey batholiths have
its maximum emplacement. Intrusive in the Camagüey and Loma de Cabrera (Limbe) batholiths
starts at the Lower Cretaceous. The El Bao, Jautia, El Rio, Terre Neuve and the Sierra Maestra
batholiths are emplaced at Paleocene-Early Eocene. The Loma de Cabrera batholith is still active
in Limbe and Mont Organize in Haiti and minor in the Dominican Republic during the Paleocene
and early Eocene. See text for sources.
Fig. 05 Correlation of the stratigraphic units in the Cuba – La Hispaniola island arc shows the
primitive island arc at the Lower Cretaceous and the calc-alkaline volcanism at the Upper
Cretaceous.
Fig. 06 Geologic map of the Hispaniola showing the volcanic arc and the principal Cu-Au
occurrences (data from Carta Geológica de La Republica Dominicana - Haiti, 1999; and
unpublished Newmont Mining Company mineral occurrences locations).
Fig. 07 Regional geologic map from the Restauración (Dominican Republic) and La Miel (Haiti)
showing the distribution of the principal prospects (yellow = dots Au prospect, green = Cu
prospects), red polygon are the prospection permits. The location of the SLP project is indicated
by the small black rectangle on this detailed district map shown in Figure 11 (unpublished
Newmont internal database).
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Fig. 08 Graphic shows the stratigraphic column of the northeast Haiti and the location of the
principal mineral occurrences and deposits.
Fig. 09 BSE image of the zircons (sample LM-01). The sample corresponds to the rhyolitic
dome.
Fig. 10 BSE image of the zoned zircons (sample LM-01). Analysis of the rim and core shows
and average of 1.5 Ma for 6 zircon samples; this inheritance is indication of contamination of
early and/or contemporaneous magmatic event, but not for basement rocks.
Fig. 11 Concordia plot of the zircon data.
Fig. 12 Plot of the total samples and the average data with 1σ error.
Fig. 13 District geologic map from the Savanne La Place (SLP) project. The solid blue lines
indicate mapped faults and the dashed blue lines indicate the inferred faults. The map also notes
the names of the regional projects with drill hole locations indicated by yellow dots.
(Background SRTM image). Unpublished Newmont Venture Limited monthly report (Melgar,
2012).
Fig. 14 Generalized stratigraphic column from the La Miel–SLP area, based on the mapped
geology in the area.
Fig. 15 Enlarged geologic map of the SLP exploration project. The dots indicate the location of
drill holes (A-B line of the cross section; white = topographic contours; blue = creeks
(Unpublished Newmont Ventures Limited internal report (Melgar, 2012).
Fig. 16 Cross section A –B containing geological interpretations, drill locations, and Au (cut off
light blue 0.1 g/t Au) intercepts (Unpublished Newmont Ventures limited internal report,
(Melgar, 2012)).
Fig. 17 District alteration and lithology map from the Savanne La Place (SLP) project. The solid
blue lines indicate mapped faults and the dashed blue lines indicate the inferred faults. The map
also notes the names of the regional projects with drill hole locations indicated by yellow dots.
Background SRTM image (Unpublished Newmont Ventures limited internal report, (Melgar,
2012)).
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Fig. 18 Enlarged alteration map of the SLP exploration project. The dots indicate the location of
drill holes (A-B line of the cross section; white = topographic contours; blue = creeks
(Unpublished Newmont Ventures limited internal report, (Melgar, 2012)).
Fig. 19 Picture shows the discovery outcrop. The breccia body outcrop at the top of the hill. The
line at the middle of the hill is the location of the trench LM-03.
Fig. 20 Picture illustrates the hydrothermal breccia containing broken banded veins. The
transitional zone Ox-Cc is grading into sulfide zone, containing Py-Cpy–Sph (2.55g/t Au)
(sample LMDH-07, 9.20m.)
Fig. 21 Photomicrograph in plane polarized light of the banded quartz vein; it shows
silicification with pseudo-bladed texture after large calcite crystals. This is a boiling texture,
where calcite has been completely replaced by silica (sample in LM07, 17.30m).
Fig. 22 Photomicrograph in plane polarized light of the banded quartz vein; it shows
silicification with pseudo-bladed texture after calcite crystals and possible barite. This is a
boiling texture, where calcite and barite have been completely replaced by silica (sample in
LM07, 17.30m).
Fig. 23 Picture shows brecciated banded quartz vein with bands of sulfides. The greenish bands
are a mixing of quartz+clay+illite (sample LMDH-007, 19.0m.; sample contains 2.52g/t Au, 2.1
g/t Ag, 0.18% Zn, and 0.14% Cu).
Fig. 24 Photomicrograph in plane polarized light of the banded quartz vein and associated
textures. The picture shows three stages of silicification in a single banded vein: 1) colloform (up
to the scale bar) followed by 2) fine needle saccharoidal silica (brownish color), and cut by 3)
milky white silica (sample LMDH-06, 30.10m).
Fig.25 Photomicrograph in plane polarized light of the banded quartz vein, it shows strong
silicification with botryoidally texture (chalcedonic silica) (sample LMDH-07, 17.50m).
Fig. 26 BSE Photomicrograph and mapping. A) BSE image of the sample analyzed; B)
Aluminum concentration, (the black hole corresponds to a grain of pyrite); C) Concentration of
oxygen; D) Concentration of Silicon; (Note the difference between the external area (pinkish
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dots) and the area surrounding the pyrite grain); E) Concentration of sulfur (Note the pyrite
grain); F) Concentration of potassium.
Fig. 27 Photomicrograph in plane polarized light showing chlorite altering previous mafic
minerals (greenish light color), and sericite altering possible primary feldspar. Relict plagioclase
is noted at the left border of the picture. Late quartz micro vein (white color) contained trace
sulfides (opaque minerals) (sample LMDH07, 215.20m).
Fig. 28 Photomicrograph in cross polarized light from the sample above, at the right it shows
chlorite (bright blue anomalous birefringence) altering previous mafic minerals and sericite
altering feldspar. Relict plagioclase is noted at the left border of the picture. Late quartz micro
vein contained trace sulfides (opaque minerals), where it intersects the chlorite (sample
LMDH07, 215.20m).
Fig. 29 Photomicrograph in plane polarized reflected light showing replacement textures of
pyrite by goethite and hematite as rims (left side). The sample also contains sphalerite replaced
by covellite with external rim of chalcocite (right side) (sample LMDH-07, 9.20m).
Fig. 30 Photomicrograph in plane polarized reflected light. Sample LMDH-07 at 164.70m shows
large pyrite crystals of Pyrite 1 are replaced by small cubic crystals of Pyrite 2; chalcopyrite
crystals (left side of the picture) also show overgrowth by Pyrite 2.
Fig. 31 Photomicrograph in plane polarized reflected light. Sample LMDH-07 at 32.50 m
contains large sphalerite crystals rimmed by Pyrite 2; chalcopyrite associated with sphalerite also
exhibits overgrowths along the rim of the crystals. Additionally, the sphalerite contains thin
lamellar texture of “chalcopyrite disease”.
Fig. 32 Picture of irregular chalcopyrite–pyrite veins and stringers, as well as silica injections in
the matrix of diatreme breccia (sample LMDH-05, 233.17m; 1.53m @ 28.3 g/t Au; 0.7% Cu).
Fig. 33 BSE image showing a large grain of sphalerite (greyish color) with CdS as microfracture
infill and micro-veinlets (in white color) (sample LMDH-07, 17.50m).
Fig. 34 Photomicrograph in plane polarized reflected light showing a large of sphalerite grain
with exsolution lamellae of galena at the center. Chalcopyrite and pyrite (on the left side) with
chalcopyrite exsolution in sphalerite (sample LMDH-07, 17.50m).
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Fig. 35 Summary of the mineral paragenesis in SLP project. This was compiled based on
mapping and drill hole observations, microscopy of thin and polished section, and terraspect
samples analysis.
Fig. 36 Cross Section A-B showing the mineral zonation based on drill core thin section
petrography and geochemical analysis.
Fig. 37 Picture of the diatreme breccia (sample LMDH-07, 161.60m). The diatreme consist of
heterolithic sub-rounded clast, fine crystalline and floor rock matrix, infill, and cemented with
late silica fluids+sulfides (0.85g/t Au).
Fig. 38 Photomicrograph in plane polarized light. The picture shows the diatreme (on the left
side) contains rounded lithic fragments of juvenile clast of possible rhyodacite composition.
Large phenocrysts of potassium feldspars (orthoclase) within these lithics in fine
microcrystalline matrix and small fragments of primary quartz (sample LMDH08, 141.10m).
Fig. 39 Photomicrograph in crossed polarized light from the same picture above, showing the
phenocrysts of potassium feldspars (orthoclase) within these lithics exhibit perfect Carlsbad
twinning. The matrix also contains broken fragments of primary quartz and weakly sericitized
rock flower as well as fine grained pyrite (opaque).
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TABLES
Table 01. Summary of epithermal deposits in Cuba - La Hispaniola.

EPITHERMAL DEPOSITS IN LA HISPANIOLA – CUBA
Name

Pueblo Viejo

Location
Dominican
Republic

Deposit
Type

Description

HS

Advanced argillic silicification
pyrophyllite, alunite. Pyrite +
sphaleriteenargite+sulfosalts+tellurides

Restauración
Candelones Lomita Piña

Dominican
Republic

VMS-HS

Juan del
Bosque

Dominican
Republic

IS?

Tres Palmas

Dominican
Republic

IS

La Miel (SLP)

Haiti

IS

La Miel Morne
Basillie

Haiti

IS

La Miel Grande Savane

Haiti

IS

Faille B

Haiti

Mesothermal
?

Advanced argillic alteration,
silicification + alunite,
pyrophyllite, dickyte –
diaspora-illite. Barite
+pyrite+chalcopyrite±
sphalerite
Jasperoide, silicification with
illite, kaolin, Massive barite +
pyrite
Quartz – illite- pyrite
mineralization of
chalcopyrite, sphalerite,
galena + Au-Ag
Silicification -illite+sericite,
smectite- illite- chlorite
outwards. Pyrite- sphaleritechalcopyrite
Silicification – kaolin smectite- dickite. Pyrite –
barite

Age of the
mineralization

Host rock

Re-Os in Pyrite
111.9±3.7 Ma

Los Ranchos formation, felsic tuffs
interlayered with pelagic
sediments, Hatillo limestone

113.9 ± 0.8 to 118.6 ±
0.5 at the lower part
Kesler, et al., 2005; Kirk,
and 110.9 ± 0.8 to 111.3 et al., 2014; Sillitoe, et
± 0.6 Ma for the upper
al., 2006
part.

~88Ma ?

Upper Tireo formation, dacites
and agglomerates with andesites
and rhyolite subvolcanics. Late
trachyte

U-Pb in rhyolite 89.1 ±
Goulet - Lessard, 2012;
40
39
0.1 Ma. Ar/ Ar whole
Lewis and Drapper,
rock in dacite 81.4 ± 0.8
1990
Ma

~78 Ma?

Contact Uper Tireo / Bois de
Laurence limestone?

Campanian to
Maastrichtian (~78 -65
Ma) based on fossils

Upper Tireo, Felsic pyroclastic
interlayered with sediments

Coniacian to Campanian Goldquest Inc., 2006

?

85Ma

~85Ma?

Mineralization
Silicification – kaolin prior to the
smectite- illite-sericite. Pyrite deformation (88± barite
74 Ma) ~89Ma

Silicification + barite+ pyrite

Upper Tireo (La Mine),
interlayered dacitic – andesitic
units. Diatreme and rhyolite sillsdome.
Upper Tireo (La Mine) ),
interlayered dacitic – andesitic
agglomerates and tuff.
Upper Tireo (La Mine) Rhyolite
tuff, dacite and andesitic tuff and
agglomerates, tectonic and
hydrothermal breccia.

Prior
Fault associated mayor
deformation? (88- deformation ophiolithes
74 Ma)
associated, Morne Cabrit, Terrier

Host rock age

References

Goulet - Lessard, 2012;
Boisson, 1987

U-Pb 84.3 ± 1.4 Ma for
the late Rhyolite dome

This study.
Melgar, 2012.

Same extension of SLP?
Located 5Km NW.

Melgar, 2012.

Coniacian to Campanian

Melgar, 2012; Escuder
Viruete, et al., 2006

Upper Jurrasic to
Campanian,

KWG Resources Inc,
1997; Louca, 1989

Rouge, Perches Formation

Camaguey, San
Jacinto

Cuba

LS

Deseada

Cuba

HS

Banded chalcedonic,
crustiform quartz veins –
adularia- calcite. Electrum pyrite± sphaleritechalcopyrite
Silicification – alunite-rutile –
diaspora- kaolin

72Ma Ar/ Ar in
Adularia

Camujiro and La Mulata Fm.

Cenomanian –
Turonian, Santonian Campanian

Kesler et al., 2004;
Simon et al., 1999

80Ma Ar/Ar in
Alunite

Camujiro Fm.basalts, andesitic
flows, agglomerates, tuffs

Cenomanian –
Turonian,

Kesler et al., 2004;
Simon et al., 1999
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Table 02. Summary of VMS and Skarn deposits in Cuba – La Hispaniola

Volcanic Massive Sulfide (VMS) and Skarn type deposits
Name

Dominican
Republic

Maimon

Dominican
Republic

VMS

Loma Barbuito

Dominican
Republic

VMS

Loma pesada

Dominican
Republic

VMS

Grand Bois

Haiti

Morne Bossa

Haiti

Meme

Casseous

El Cobre

Haiti

Haiti

Cuba

Type

Description
Massive semi- massive sulfide
polimetallic + Au-Ag in
metavolcanics and mafic –
chloritic shists
Intermediate to felsic volcanics ,
mafic flows , felsic lapilli tuffs,
sericite – quartz – pyrite. Cu-ZnAg-Au mineralization
Laminated greenschist, felsic
layers. Gossan massive sulfide –
polimetallic, sericite – quartz pyrite

Gossan + barite, silicified breccias
VMS-HS
± clay alteration

VMS

Skarn

Skarn

VMS

Gossan + barite, high silicified –
clay alteration
Skarn garnet, diopside,
hedenbergite, epidote, idocrase,
scapolite, calcite. Magnetite,
chalcopyrite, covellite, bornite
pyrite
Skarn andradite garnet, diopside,
tremolite, epidote, chlorite,
quartz, calcite. Magnetite,
chalcopyrite, covellite, bornite
pyrite
Basalts interlayered with dacites
flows, manganese Cu- Au

Age of the
mineralization

Host rock

Host rock age

References

Barremian- aptian

Maimon formation

Lower Cretaceous
Barremian- aptian

Perilya.com, 2008;
Lewis, et al., 1988

Barremian- aptian

Maimon formation

Lower Cretaceous
Barremian- aptian

Lewis, et al., 1988

Barremian- aptian

Maimon formation

Lower Cretaceous
Barremian- aptian

Lewis, et al., 1988

93-86Ma ?

Interface between la Mine
and Terrier rouge series,
flat layer rhyolite and
andesite

Coniacian to
Campanian

Louca, 1989;
Claveau, 1986

93-86Ma ?

La Mine, brecciated dacitic
layers

Coniacian to
Campanian

Louca, 1989;
Claveau, 1986; KWG
Resources Inc, 1977

K-Ar whole rock
66.2 ± 1.3 Ma in the
quartz monzonite

Maguinda limestone in
contact with Quartz
monzonite

Terrier Rouge series
and the Maguinda
formation (9386Ma)

Kesler, 1968;
Boisson, 1987

K-Ar whole rock
66.2 ± 1.3 Ma in the
quartz monzonite
same intrusive as
Meme

Maguinda limestone in
contact with Quartz
monzonite

Terrier Rouge series
and the Maguinda
formation

Harnish and Brown,
1985

Sierra Maestra formation

45-56 Ma in
granitoide intrusive.
SM Formation 6048Ma

Lewis, et al., 1991;
Kerr, et al., 1999

Contemporaneous
with the formation?
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APPENDICES
Table _LM01_. U-Pb geochronologic analyses.
Isotope ratios
Analysis

U
(ppm)

LM-1-13C <>
LM-1-6C <>
LM-1-8C <>
LM-1-23C <>
LM-1-33C <>
LM-1-21C <>
LM-1-10C <>
LM-1-28C <>
LM-1-17C <>
LM-1-19C <>
LM-1-19CC <>
LM-1-18CC <>
LM-1-25C <>
LM-1-22C <>
LM-1-24C <>
LM-1-8CC <>
LM-1-31C <>
LM-1-14C <>
LM-1-18C <>
LM-1-34C <>
LM-1-4C <>
LM-1-5CC <>
LM-1-11C <>
LM-1-3C <>
LM-1-20C <>
LM-1-12C <>
LM-1-32C <>
LM-1-9C <>
LM-1-27C <>
LM-1-26C <>
LM-1-15C <>
LM-1-5C <>
LM-1-29C <>
LM-1-3CC <>
LM-1-11CC <>
LM-1-16C <>
LM-1-30C <>
LM-1-7C <>

47
83
283
192
211
460
166
199
243
592
125
537
170
208
219
418
708
270
397
99
172
531
156
152
361
251
378
445
188
81
348
519
554
475
352
125
233
120

206Pb
204Pb

730
530
2289
2425
1662
12869
801
1660
2618
7860
1567
9734
1642
1468
2560
7447
6515
7041
5734
960
1167
7403
856
1297
3497
1343
2983
5289
1213
1696
4363
4869
6111
23277
3455
1457
2021
1696

U/Th

2.2
2.4
1.1
1.2
1.0
1.3
1.4
1.6
1.6
0.6
1.4
0.9
1.9
1.1
1.8
1.1
0.9
1.6
0.7
2.0
1.6
1.3
1.7
2.0
0.8
1.2
1.1
1.2
1.4
1.9
0.7
1.2
1.2
0.7
1.2
2.1
1.2
1.9

206Pb*
207Pb*

18.9061
21.6309
20.9937
20.2992
19.6632
20.3665
21.4207
20.9175
20.6064
20.6239
20.7724
20.2123
21.0118
20.0596
20.6992
20.3171
20.6212
20.0439
20.3685
21.0844
20.7366
20.1716
21.1407
20.9279
20.5424
21.1414
20.9199
20.2639
17.6629
20.1284
20.3195
20.4317
20.3384
19.9391
20.3718
20.8769
20.7149
17.1190

±
(%)

8.6
4.4
1.7
1.7
4.7
1.0
2.3
1.7
2.0
1.0
4.2
1.9
2.5
5.9
2.1
1.3
0.7
2.0
1.0
3.0
1.5
1.5
2.5
0.8
1.2
1.6
1.5
1.4
18.6
2.8
1.0
0.7
1.2
1.2
1.4
2.0
2.3
20.6

207Pb*
235U*

0.0889
0.0789
0.0830
0.0860
0.0907
0.0879
0.0838
0.0859
0.0873
0.0873
0.0867
0.0893
0.0859
0.0900
0.0873
0.0889
0.0878
0.0905
0.0893
0.0863
0.0878
0.0903
0.0863
0.0872
0.0891
0.0866
0.0877
0.0905
0.1039
0.0912
0.0910
0.0910
0.0915
0.0935
0.0918
0.0897
0.0910
0.1111

±
(%)

9.3
5.2
2.3
3.2
5.8
1.8
3.4
3.2
4.0
2.1
5.3
2.5
3.1
6.1
3.5
1.7
1.3
2.5
3.1
3.4
3.3
1.7
4.1
3.3
2.4
3.4
3.6
2.1
19.0
4.2
2.1
2.5
2.2
3.2
3.5
3.9
2.7
20.7

Apparent ages (Ma)
206Pb*
238U

0.0122
0.0124
0.0126
0.0127
0.0129
0.0130
0.0130
0.0130
0.0130
0.0131
0.0131
0.0131
0.0131
0.0131
0.0131
0.0131
0.0131
0.0132
0.0132
0.0132
0.0132
0.0132
0.0132
0.0132
0.0133
0.0133
0.0133
0.0133
0.0133
0.0133
0.0134
0.0135
0.0135
0.0135
0.0136
0.0136
0.0137
0.0138

±
(%)

error
corr.

3.7
2.8
1.5
2.7
3.5
1.5
2.5
2.6
3.5
1.8
3.4
1.7
1.8
1.4
2.8
1.1
1.1
1.5
2.9
1.7
2.9
0.8
3.3
3.2
2.1
3.0
3.3
1.6
4.2
3.1
1.8
2.4
1.9
3.0
3.2
3.3
1.4
2.2

0.39
0.54
0.67
0.84
0.59
0.83
0.73
0.84
0.86
0.88
0.63
0.66
0.59
0.23
0.79
0.65
0.83
0.58
0.94
0.49
0.88
0.48
0.80
0.97
0.88
0.89
0.91
0.73
0.22
0.74
0.87
0.96
0.84
0.93
0.92
0.85
0.50
0.11

206Pb*
238U*

78.1
79.3
81.0
81.1
82.9
83.1
83.3
83.5
83.6
83.6
83.7
83.8
83.8
83.9
83.9
83.9
84.1
84.3
84.5
84.5
84.6
84.6
84.7
84.7
85.0
85.1
85.2
85.2
85.3
85.3
85.9
86.4
86.4
86.6
86.8
87.0
87.6
88.3

±
(Ma)

2.8
2.2
1.2
2.2
2.8
1.2
2.1
2.2
2.9
1.5
2.8
1.4
1.5
1.2
2.3
0.9
0.9
1.2
2.4
1.4
2.4
0.7
2.8
2.7
1.8
2.5
2.8
1.3
3.6
2.6
1.6
2.0
1.6
2.5
2.7
2.9
1.2
1.9

207Pb*
235U

86.4
77.2
81.0
83.7
88.2
85.5
81.7
83.7
85.0
85.0
84.4
86.8
83.7
87.5
84.9
86.5
85.5
88.0
86.9
84.1
85.5
87.8
84.0
84.9
86.6
84.4
85.3
88.0
100.4
88.6
88.5
88.5
88.9
90.8
89.2
87.3
88.5
107.0

Appendix 1: Zircon analysis from LM01 (Rhyolite dome), showing concentration and ratios.

99

±
(Ma)

7.7
3.9
1.8
2.6
4.9
1.5
2.7
2.5
3.3
1.7
4.3
2.1
2.5
5.1
2.9
1.4
1.0
2.1
2.6
2.8
2.7
1.5
3.3
2.7
2.0
2.7
2.9
1.8
18.2
3.6
1.8
2.1
1.9
2.8
3.0
3.3
2.3
21.0

206Pb*
207Pb*

324.2
9.7
81.1
160.4
234.3
152.6
33.1
89.7
125.1
123.1
106.2
170.4
79.0
188.1
114.5
158.3
123.4
189.9
152.4
70.9
110.3
175.1
64.5
88.6
132.5
64.4
89.5
164.4
476.6
180.1
158.0
145.1
155.9
202.1
152.0
94.3
112.7
545.3

±
(Ma)

194.6
106.0
39.9
40.8
108.8
23.3
56.3
41.3
47.7
23.8
98.1
44.3
58.7
137.5
50.3
31.0
16.8
47.7
24.0
70.8
36.4
35.6
58.5
18.5
27.6
37.5
35.7
33.9
413.8
65.4
23.9
16.0
28.0
27.0
32.8
48.4
55.0
453.6

Best age
(Ma)

78.1
79.3
81.0
81.1
82.9
83.1
83.3
83.5
83.6
83.6
83.7
83.8
83.8
83.9
83.9
83.9
84.1
84.3
84.5
84.5
84.6
84.6
84.7
84.7
85.0
85.1
85.2
85.2
85.3
85.3
85.9
86.4
86.4
86.6
86.8
87.0
87.6
88.3

±
(Ma)

2.8
2.2
1.2
2.2
2.8
1.2
2.1
2.2
2.9
1.5
2.8
1.4
1.5
1.2
2.3
0.9
0.9
1.2
2.4
1.4
2.4
0.7
2.8
2.7
1.8
2.5
2.8
1.3
3.6
2.6
1.6
2.0
1.6
2.5
2.7
2.9
1.2
1.9

Conc
(%)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Table _Standar R33__. U-Pb geochronologic analyses.
Isotope ratios
Analysis

LM-1-R33 <>
LM-1-R33 <>
LM-1-R33 <>
LM-1-R33 <>
LM-1-R33 <>

U
(ppm)

480
699
553
529
2428

206Pb
204Pb

51956
61787
16967
39753
94852

U/Th

1.1
1.0
1.0
1.1
0.8

206Pb*
207Pb*

17.8412
17.9376
18.0705
17.9513
18.7376

±
(%)

207Pb*
235U*

0.9
1.1
1.1
0.9
2.9

0.5251
0.5101
0.5304
0.5115
0.5206

±
(%)

Apparent ages (Ma)
206Pb*
238U

2.5
2.4
1.7
2.4
4.8

0.0679
0.0664
0.0695
0.0666
0.0707

±
(%)

error
corr.

2.4
2.1
1.3
2.2
3.8

0.93
0.89
0.76
0.93
0.80

206Pb*
238U*

423.7
414.2
433.2
415.6
440.6

±
(Ma)

9.7
8.5
5.3
8.9
16.2

207Pb*
235U

428.5
418.5
432.0
419.5
425.5

±
(Ma)

8.9
8.2
5.9
8.2
16.6

Appendix 2: Zircon analysis from LM01 – Standard Zircon R-33, showing concentration and ratios.

100

206Pb*
207Pb*

454.4
442.4
425.9
440.7
344.5

±
(Ma)

20.6
24.5
24.5
20.1
65.4

Best age
(Ma)

423.7
414.2
433.2
415.6
440.6

±
(Ma)

9.7
8.5
5.3
8.9
16.2

Conc
(%)

93.3
93.6
101.7
94.3
127.9

