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This Volume is dedicated to all peoples of the Lesser Antilles—past,
present, and future. Your resilience and patriotism during even the most
difficult times serves as an inspiration. May the Caribbean Sun continue
to shine within you and your families.



Lesser Antilles

The Lesser Antilles, which include the Leeward Islands, the Windward Islands, and the
Leeward Antilles of the eastern Caribbean, were once described as “Edens of Delight,” and
they certainly comprise some of the most striking and intriguing landscapes on Earth. Used in
1925 as a model by William Morris Davis for his cycle of island development, they have
never, until now, been the subject of a comprehensive geomorphological appreciation. They
extend from the Virgin Islands in the north to Trinidad and Tobago in the south, and 1140 km
from Aruba in the west to Barbados in the east. Consisting of some six hundred tropical
islands, in total they only cover a relatively modest land area (less than half the size of
Albania), but they exemplify major, horseshoe-shaped island arcs, with numerous volcanic
features, including stratovolcanoes, granitic plutons, and also carbonate formations (including
reefs) on which numerous karst features have developed. This well-structured volume pro-
vides an analysis of the tectonic history of the area, a discussion of its climatic conditions, and
a survey of the human influence and transformation of its diverse landscapes. Above all, it
discusses the main island clusters, drawing attention to their spectacular landforms, their land
use histories, their heritage concerns, and the geomorphological hazards (including tsunamis,
earthquakes, landslides, and hurricanes) with which their inhabitants have to contend. As befits
an area of such splendid geomorphological phenomena, it is also beautifully illustrated with
plates and maps and will become the first port of call for all those interested in how the
landscapes of the islands have evolved. Moreover, it will stimulate further research. It is also a
very worthy new volume in a series of books—The World Geomorphological Landscapes—
that are doing much to draw attention to the magnificence and significance of our planet’s
major geomorphological regions.

Andrew Goudie
Emeritus Professor of Geography, University of Oxford, Oxford, UK
Past President of the International Association of Geomorphologists
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Landforms and landscapes vary enormously across the Earth, from high mountains to endless
plains. At a smaller scale, Nature often surprises us creating shapes which look improbable.
Many physical landscapes are so immensely beautiful that they received the highest possible
recognition—they hold the status of World Heritage properties. Apart from often being
immensely scenic, landscapes tell stories which not uncommonly can be traced back in time
for tens of million years and include unique events. In addition, many landscapes owe their
appearance and harmony not solely to the natural forces. Since centuries, or even millennia,
they have been shaped by humans who modified hillslopes, river courses, and coastlines, and
erected structures which often blend with the natural landforms to form inseparable entities.

These landscapes are studied by geomorphology—*“the Science of Scenery”—a part of
earth sciences that focuses on landforms, their assemblages, and surface and subsurface
processes that molded them in the past and that change them today. Shapes of landforms and
regularities of their spatial distribution, their origin, evolution, and ages are the subject of
research. Geomorphology is also a science of considerable practical importance since many
geomorphic processes occur so suddenly and unexpectedly, and with such a force, that they
pose significant hazards to human populations and not uncommonly result in considerable
damage or even casualties.

To show the importance of geomorphology in understanding the landscape, and to present
the beauty and diversity of the geomorphological sceneries across the world, we have laun-
ched a new book series World Geomorphological Landscapes. It aims to be a scientific library
of monographs that present and explain physical landscapes, focusing on both representative
and uniquely spectacular examples. Each book will contain details on geomorphology of a
particular country or a geographically coherent region. This volume introduces an area which
is among the least familiar for world geomorphologists: The Lesser Antilles. While some
islands occasionally headline the news—mainly when struck by natural disasters (Montserrat
being the most recent example) and others provided key evidence of Quaternary sea-level
change (Barbados)—the majority are largely under-researched and forgotten. And yet they are
highly diverse geomorphologically, displaying an array of different landscapes ranging from
volcanic and Kkarstic to coastal and reef. Collectively, they tell the fascinating story of a
(mostly) volcanic archipelago’s geomorphic evolution, and this book undoubtedly helps in
appreciating this understudied region’s landscapes and landforms.

The World Geomorphological Landscapes series is produced under the scientific patronage
of the International Association of Geomorphologists—a society that brings together geo-
morphologists from all around the world. The IAG was established in 1989 and is an inde-
pendent scientific association affiliated with the International Geographical Union and the
International Union of Geological Sciences. Among its main aims are to promote geomor-
phology and to foster dissemination of geomorphological knowledge. I believe that this lav-
ishly illustrated series, which sticks to the scientific rigor, is the most appropriate means to
fulfill these aims and to serve the geoscientific community. To this end, my great thanks go to
the Editor, Dr. Casey D. Allen, for his initiative to produce the Lesser Antilles volume and his



Series Editor Preface

excellent coordination of work leading to a high degree of coherence between chapters. I am
also most grateful to all individual contributors who agreed to add the task of writing chapters
to their busy agendas and delivered high-quality final products.

Piotr Migon



My most profound and generous thanks go to Kaelin Groom for her help with reviewing the
early stages of the final manuscript, as well as her assistance with double-checking and editing
the graphics (and a few other components) in this volume. Her keen eye and artistic abilities
lay far beyond mine. She also graciously offered her cartographic prowess throughout the
book, creating maps from scratch. I have the utmost respect for her as a colleague and greatly
appreciate her companionship throughout the editing and writing process. Many thanks also
go to the governments and people of each island in this volume, as several agencies and
individuals helped to fill missing imagery gaps and confirm information. I would also like to
sincerely acknowledge the chapter authors, especially those who submitted their chapters
promptly and those who stepped-in at the last minute to help tidy-up and finish-off a few
remaining chapters. I am grateful for your willingness to work on a sometimes extremely tight
deadline. Finally, to Piotr Migon, the Series Editor, for encouragement, support, and the
tireless hours he puts into helping the World Geomorphological Landscapes series: thank you.

Washington, UT (USA) Casey D. Allen
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Casey D. Allen

Abstract

The Lesser Antilles comprises three main island groups: Leeward Islands, Windward
Islands, and Leeward Antilles. Stretching from the Virgin Islands in the north to Trinidad
and Tobago in the south and encompassing Aruba, Bonaire, and Curagao to the east, the
Lesser Antilles remain a geomorphologically and anthorpogenically diverse region. While
this chapter introduces offers the reader a (very) brief overview of this fascinating and
under-studied world region, its main focus rests in explaining this volume’s structure and
function, including notes regarding vernacular, historical accuracy, and the splendid

cartography.

Keywords

Lesser Antilles ¢ Leeward Antilles * Windward Islands ¢ Leeward Islands

1.1 Introduction

While often neglected geomorphologically in both study and
literature, the Lesser Antilles islands in the Caribbean con-
tain outstanding landscapes and landforms: granitic islands
in the north, active and highly explosive volcanoes in the
center, mostly extinct volcanics in the south, and a few
(sometimes large) sedimentary uplift blocks scattered
throughout the archipelago. Spatially, the Lesser Antilles
consist of a vast territorial swath spanning about 940 km
from the British and US Virgin Islands in the north to Tri-
nidad and Tobago in the south, and approximately 1140 km
from Aruba in the west to Barbados in the east (over
1,000,000 km?, Fig. 1.1). In that otherwise watery expanse,
the Lesser Antilles claim no less than 600 individuals yet
mostly uninhabited islands, forming—with the exceptions of
outlying Barbados and Aruba, Bonaire, and Curagao (the
ABCs)—an arcing boundary between the Caribbean Sea and
the Atlantic Ocean. This positioning on Caribbean Plate’s
edge creates a landscape of volcanic features: from plutons
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© Springer International Publishing AG 2017
C.D. Allen (ed.), Landscapes and Landforms of the Lesser Antilles,

and stratovolcanoes to geothermal springs and lava flows, as
well as hazards associated with regular heavy precipitation,
fire, volcanically induced tsunamis, hurricanes, and, some-
what paradoxically, drought. Additionally, geologic uplift
and subsequent rock decay continue to occur, exposing
sedimentary landforms such as coralline shelves and car-
bonate reefs, as well as general karst landscape features.
The Lesser Antilles’ human occupance also played a role
in shaping the islands’ landscapes, and, in many instances,
these actions (individually, say a landholder, or as a group,
say a country) have influenced landforms. As Amerindians
began settling the Islands, migrating northward from main-
land South America or southward from larger islands such as
Puerto Rico and Hispaniola, they brought with them various
cultural traits, including agricultural practices. Some left
records in the form of rock engravings (petroglyphs) and
additional tangible artifacts, others intermarried with Euro-
pean colonists or African slaves, and their progenies still
inhabit the islands today. These peoples made use of the
landforms, as evinced by Lesser Antillean archaeological
sites being found near freshwater rivers, along bays with
coral reefs, and in caves. Evidence for pre-Columbian pop-
ulations also exists in the form of numerous “worked stone”
(cupules and/or grind stones) on several islands,

1
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demonstrating that these peoples understood—if only sub-
consciously—at least the basics of how rock hardness and
mineral grain size can interact to provide them with surfaces for
grinding substances and creating tools and other implements
(e.g., smooth, polished granitic rocks have been found at
archaeological sites on islands where no granite is present).
After Columbus’ “discovery” of the (then) New World, a
different influence on Lesser Antillean landscapes and
landforms began. Colonial settlements began appearing,
slowly populating each island with a land tenure system that
was sometimes sustainable, but mostly not. Plantations

began to expand, and soon more labor was needed, sparking
the Trans-Atlantic Slave Trade, where a majority of West
African slaves ended up on plantations in the Caribbean. To
this day, those slaves’ obeah belief system survives on
nearly every West Indian island in some form. Beyond
human occupance, as landholdings expanded rapidly, island
landscapes changed: Previously forested lands gave way to
sugar, cotton, tobacco, and indigo fields, exposing precious
(and often nutrient-rich) volcanic soils to the elements.
Insect-infested lagoons were dredged, changing coastlines
and depositional processes. Where encampments began,
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forts were built to protect interests, most using local stone
and local limestone mortar, some of which still stand today.

Through the centuries after European “discovery,” strong
cash crop economies developed, necessitating the need for
trade agreements and treaties, all while pirates and privateers
continued to make some of the West Indies’ small coves and
ports infamous. As technology developed, so did economies
and politics. Some islands sought (and subsequently won)
independence from their colonial power—sometimes easily,
but more often than not, with arduous struggle—while others
remained part of the Commonwealth or colonial power.
Toponymic remnants from these time periods can still be
found throughout the Lesser Antilles. Still, it took until the
latter part of the twentieth century (1960s—1980s) for islands
to gain their independence, with some still struggling for
their autonomy today (e.g., St. Kitts and Nevis) while other
islands stay part of the original colonial power (e.g., Mar-
tinique, for example, where the official currency is the euro).
Outside interferences, including non-colonial interests, have
also influenced Lesser Antillean development. The infamous
Operation Urgent Fury in 1983 led by American forces on
the British Commonwealth Nation of Grenada, for example,
highlighted perceived political turmoil of the region. While
other industries occur—agricultural export, some fertilizer
and salt production, and petroleum in the case of Trinidad
and Tobago and the ABCs—the most common among the
Lesser Antilles continues to be tourism, or at least the
potential for it.

The Lesser Antilles of today represent a lively collection
of economies, politics, cultures, and geomorphology. To
showcase these vibrant characteristics, following this Intro-
duction, the volume includes a general overview of regional
tectonics and geology, landform evolution/geomorphology,
and basic climate/climatic geomorphology. The tectonics
and geomorphology discussions span from Eocene to the
Quaternary (when island formation along the Lesser Antilles
Arc began), while the climate component encompasses
recent history to present. Then, this volume continues with
separate and in-depth chapters on landscapes and landforms
associated with individual islands (e.g., Dominica) or island
sets (e.g., the Virgin Islands). Each chapter also contains two
specific, yet geomorphologically applicable topics, espe-
cially for the Lesser Antilles: Heritage and Tourism and
Hazards. A heritage and tourism component is included
because, not unlike other regions of the world, each island
has its own struggles with governmental regulations when it
comes to tourism, and much of the tourism centers around
geomorphic features and phenomena (“geotourism,” e.g.,
beaches, reefs, rainforests, mountains, and even rock decay;
see Dowling and Newsome 2006 for an overview), while
also being (potentially) influenced by hazards. The Lesser

Antilles are plagued not just by hurricanes and their asso-
ciated risks, but also by volcanics, earthquakes, fire, land-
slides, and, interestingly, fire and drought. And each of these
events—sometimes in tandem with others, sometimes solo
—often plays a role in changing island geomorphology.
Every chapter includes, at a minimum, the following topics:

e Introduction. A basic overview of the chapter’s main
points.

e Setting. Or sometimes being listed as “Geologic Setting,”
this section remains a short and concise overview of the
island’s or island set’s formation 9 and sometimes
geochronology), often including basic climate and other
related information.

e Landforms. A discussion of major and minor landforms,
including notable interior (e.g., mountain), coastal (e.g.,
bays, beaches), and offshore landforms (e.g., coral reefs),
and sometimes geochronology.

e Landscape. Sometimes listed in specific chapters as
“Environmental History and Landscape Change” or
“Landscape and History”, this section is meant to rep-
resent a bridge between geomorphology and culture. This
often includes anthropogeomorphologic analyses or
archeogeomorphologic  discussions, for example,
including both past and present peoples’ histories and
their link with the geomorphology.

e Heritage and Tourism. As a (the) main economic
resource on each of the Lesser Antilles islands is usually
tourism, this subsection represents a mostly concise
review of impacts that heritage resources management
and tourism have on the larger (geomorphic) landscape.

e Hazards. A review of past hazards and their geomorphic
impacts, as well as evaluation of potential and future
hazards, and what they could mean for the island’s or
island sets’ (geomorphic) future.

e Conclusion. A concise review of the previous six topics,
noting any potential future outlooks for the island or
island set from a geomorphic point of view.

Finally, it should be noted that writing a chapter on a
Caribbean island’s landforms and landscapes remains a
delicate endeavor. Some islands have adequate information
to pen a chapter (though not necessarily in English), others
less so. Indeed, the region remains rich with research
opportunities, but with so much to do, authoring a chapter
for an edited volume often takes a backseat to primary
research agendas. Additionally, the author(s) must be part
geomorphologist, part anthropologist, part political scientist,
part historian, part hazard specialist—and more—and then
be able to weave each together coherently. Chapter authors
have striven for a balance between landforms and



landscapes, although at times, one may seem to be heavier
than the other. Still, when considering how little (current)
research has been conducted throughout the Lesser Antilles
compared to other locales, the fact that some semblance of
balance can even exist remains, perhaps, a minor miracle.
Sometimes finding a balance necessitates coauthors, while
other times a person tackled “their” island solo, and this
complex ability should not be ignored, nor should an
author’s claim that “their” island is the most beautiful, or
most pristine, or most unspoiled, or has the best geomor-
phology in the Caribbean. These seemingly boastful com-
ments are deemed allowable for this volume because the
editor believes everyone should be afforded an opportunity
to promote their passion for place. After being presented
with evidence provided by these regional experts, the reader
is invited to decide for themselves which island—which “...
visually stunning ...” and “... great landscape ...” (Goudie
2002, 65)—they find most intriguing in this small,
oft-understudied World Geomorphological Landscape.

1.2 A Few Notes About this Volume

1.2.1 Lesser Antilles Toponyms

Throughout the Lesser Antilles, colonialism shows itself
most readily in place names (toponymy). The presence of
local place names, usually never officially recorded or, at
best, inaccurately recorded by the original scribe, further
confuses Lesser Antillean toponymy. Often times, even with
the best intentions, mistakes happened and, whether from
misinterpretation of a local word, creolization, or faulty
record keeping, the misspelling spread, sometimes making
its way into vernacular. Even on islands that are still today
an overseas territory of their once colonial power, toponymy
can reveal much about an island’s historical occupance. One
common aspect rests in naming convention differences
between European nations. The French, for example, tended
to favor naming places based on physical features, and many
of these survive throughout the Lesser Antilles: Anse, La
Soufriére, Morne, and Pitons, for example. British colonists,
on the other hand, favored naming places after famous
leaders and people, giving the Lesser Antilles an abundance
of George’s, Mark’s, and John’s, as well as others. Similar
linguistic influences can be found throughout the Caribbean
for (former) Spanish, Dutch, and even Swedish colonies.
That said, while some place names might be referred to
differently on official records, this volume strives to offer the
most recognized names associated with locations on each
island, regardless of colonial influence, as these most often
represent the local vernacular/convention.

C.D. Allen
1.2.2 Lesser Antilles Historical Accuracy

Most dating of pre-Columbian (i.e., pre-European contact)
Lesser Antillean artifacts and occupational periods remain
contextual. In the Lesser Antilles specifically, not all scien-
tists agree on ages of rock art (petroglyphs) and other
archaeological artifacts. Discrepancies arise because no
precise technique has yet been devised to establish definitive
dating in tropical regions, and most Amerindians left no
(decipherable) written record. Each chapter in this volume,
however, follows current research trends, with any deviation
being specifically noted in that chapter. Similarly, the term
Amerindian is used exclusively to refer to aboriginal/native
peoples of the West Indies—those inhabitants prior to
Columbus’ “discovery”—as opposed to the (mostly) West
African slave descendants that currently inhabit most
islands, often referred to as Afro-Caribbean in the literature
to denote the mixing between them and the original Amer-
indian population.

1.2.3 Lesser Antilles References

The reader may notice throughout this volume that some
citations come from the internet (websites) and trade publi-
cations. Additionally, some chapters may continually refer-
ence only the same handful of peer-reviewed articles and/or
books. While this is perhaps not normal academic practice, it
remains warranted for this volume. It seems that in many
cases throughout the Lesser Antilles, once a piece of (geo-
morphic) research has been completed, no one else continues
or updates it, leaving many older references. Indeed, being a
mostly under-researched region (the smaller islands in par-
ticular) means much of the data comes from either firsthand
research experiences of the chapter author(s) themselves, a
small cadre of researchers (sometimes several decades old
and sometimes in a non-English language), and touristic
paraphernalia—including Ministry of Tourism websites,
guidebooks (online), and white papers. These types of ref-
erences should not be seen as diminishing the quality of
research presented in this volume, but instead should be
taken as a call for more (field-based) academic research to be
conducted in the region. Every effort has been made to verify
the accuracy of Web-based references by the editor when
peer-reviewed literature was unavailable.

1.2.4 Cartographers’ Note

Maps in this volume are for informational and reference
purposes only and are not prepared for legal, engineering,
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navigational, or surveying endeavors. The cartographic
products herein have been created with the highest degree of
accuracy possible, and the cartographer, editors, chapter
authors, or publisher cannot be held responsible for any
damages from omissions or misuse of maps contained in this
volume. Depiction of boundaries is non-authoritative, and
any misrepresentation of coastlines, features, cities, towns,
etc., is not done with malicious intent, but most likely due to
a paucity in reliable data or old information. For example,
some islands may appear to be more topographically com-
plex than their surrounding islands (e.g., Dominica), but this
is not necessarily the case. These visual differences represent
discrepancies among the precision of data available for each
individual island/island set. The appearance of commercial

establishments featured on these maps does not imply
endorsement of them by either the cartographer, editors,
chapter authors, or publisher, but simply reflects important
locational features. All maps are copyrighted by the
respective cartographer, and reproduction without legal
consent may result in prosecution.
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2.1 Introduction
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Abstract

A case study of the geomorphology of the Lesser Antilles island arc reveals, in its entirety,
the influence of numerous geological forces and events. Most notably, these include the
products of plate tectonics, volcanism, and carbonate marine reef formation. North of
Dominica the island arc splits into two separate chains. The easternmost archipelago of
these chains is largely comprised of extinct volcanoes that have since become the core of
carbonate reef growth. The westernmost archipelago of the island arc and the southern half
of the overall Lesser Antilles are still active volcanic complexes formed due to partial
melting of subducting oceanic crust. Orogenic uplift due to transform plate tectonics and
thrust faulting is observable in the southern Leeward Antilles.

Keywords
Caribbean * Lesser Antilles ¢ Island arc * Tectonics ¢ Archipelago

Islands (Fig. 2.1). Encompassing the northern section of
the arc, the major Leeward Islands (and island sets) tend

The variety of distinctive geologic formations, from sed-
imentary to volcanic, separate the Lesser Antilles island
arc into three distinctive island groups: the Leeward
Islands, the Windward Islands, and the Leeward Antilles
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to be smaller in size than their Windward counterparts
and include—from northwest to southeast—the US and
British Virgin Islands, Anguilla, Saint Martin, Saint Bar-
thelemy, Saba, Saint Eustatius, Saint Kitts, Nevis, Bar-
buda, Antigua, Montserrat, and Guadeloupe. Depending
on sources, Dominica can be classified as either a Lee-
ward or Windward Island. This volume follows the more
recent literature that treats Dominica as the northernmost
Windward Island—those larger West Indian islands that
contain the southern arm of the Lesser Antilles island arc
—followed in a southerly direction by Martinique, Saint
Lucia, Barbados, Saint Vincent and the Grenadines, Gre-
nada, Tobago, and Trinidad. Though not usually associ-
ated with the Lesser Antilles specifically, the Leeward
Antilles—Aruba, Curagao, and Bonaire off the northern
coast of Venezuela (often called the “ABC islands” or
“ABCs”)—remain spatially and geologically distinct from
the rest of the Lesser Antilles. Still, they are included in
this volume for ease of reference, because no other vol-
ume contains an overarching review of their landscapes
and landforms.

World Geomorphological Landscapes, DOI 10.1007/978-3-319-55787-8_2
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2 Geologic and Tectonic Background of the Lesser Antilles

2.2 Geologic History and Formation
of the Lesser Antilles

Tectonics of the Atlantic Basin
and Caribbean Sea

2.2.1

The formation of the Atlantic Basin began with the separa-
tion of the supercontinent Pangaea roughly 175 million
years ago during the Jurassic. Rifting between the former
continents of Laurasia (modern-day Europe, Asia, Green-
land, and North America) and Gondwana (modern-day
Africa, South America, Australia, Antarctica, and India),
initiated the formation of the northern Atlantic Ocean. At the
turn of the Cretaceous, roughly 25 million years later,
Gondwana began to separate into the continents we recog-
nize today, forming the southern Atlantic. These two dif-
ferent rifting events, each forming and continuing to widen
the Atlantic Ocean, are centered on the submarine mountain
chain known as the Mid-Atlantic Ridge—the divergent
boundary between the African and American plates. As
these plates move apart, decompression melting in the upper
mantle produces magma flows which cool to form basalt and
gabbro, leading to new oceanic crust. Subduction of the
Caribbean Plate under the South American Plate began
around 80 million years ago during the Late Cretaceous
(Bouysse 1988; Mann 1999; Macdonald et al. 2000), and

Evolution of the

Caribbean Plate

."Landmass/lsland 2 Volcanoes
Submarine Ridge Pre-Cambrian/
Paleozoic
/‘ Subduction/Fault y:;f’;?;:phlc
Plate Movement N Late Cretaceous-
Relative to a Early Tertiary
Stationary Granitic Intrusive
North America Zones

Late Cretaceous

40 million years ago, volcanism began because of that
subduction (Fig. 2.2; see also Smith et al. 1980; Bouysse
1988; Kerr et al. 1996; Kerr et al. 2003).

Oceanic crust increases in both thickness and density with
age. As the plate edges drift further from the divergent zone
from which they were produced, they cool, and additional
mantle material is accreted onto the bottom of the plate as
formerly plastic mantle rocks become more rigid due to a
drop in temperature. Furthermore, a steady “rain” of pelagic
sediments within the ocean water column falls onto sub-
merged crust, leading to the subaqueous formation of layers
of marine shales, limestones, and sandstones. The longer an
oceanic plate exists, the thicker the buildup of sedimentary
rock, and the heavier the plate becomes. Ultimately, older
oceanic plate will be sufficiently heavier and denser than
bordering younger oceanic or continental plates, initiating
subduction of the older plate. For these reasons, most
oceanic crust is relatively young compared to continental
crust, which does not subduct except in very rare circum-
stances. The eastern boundary of Caribbean Plate, also
known as the Lesser Antilles subduction zone, is one of
these rare instances where the largely continental South
American Plate is subducting under the mostly oceanic
Caribbean Plate, initiating volcanism and tectonic uplift.

Additional plate boundaries and interactions in the region
include several transform boundaries, when two plates slide
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80 million years ago. Figure by K.M. Groom, modified from Malfait and Dinkleman 1972
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past one another in opposite directions. Similar to (and often
producing) strike-slip faults, these boundaries rarely produce
orogenic events without additional deformational compo-
nents. Brecciation and fracturing directly on the plate edge is
a common feature at these locales. California’s San Andreas
Fault is a famous example of this sort of tectonic plate
boundary, where the northward motion of the Pacific Plate
relative to the North American Plate results in a massive
right-lateral strike-slip fault. The relative motion of the
adjoining plates defines left-lateral and right-lateral
strike-slip faults. A similar mechanism to the San Andreas
exists at multiple points throughout the Caribbean (Fig. 2.3;
see also Edgar et al. 1971; Malfait and Dinkelman 1972).
The southern margin of the Caribbean Plate expresses a
right-lateral transform component relative to the South
American Plate (the Caribbean Plate is moving eastward,
relative to both the North and South American plates). In
concert with subduction and transformational motion, slight
compression along the southern margin has resulted in
folding and thrust (steep reverse) faulting—yielding minor
orogenic uplift to expose some of the Leeward Antilles,
Barbados, Trinidad, and Tobago, along with many smaller
islands (Fig. 2.1; see also Ave-Lallemant and Sisson 2005;
Levander et al. 2006; Van der Lelij et al. 2007).

2.2.2 Lesser Antillean Volcanism

The Leeward Islands contain two distinct volcanic island
arcs of different ages, resulting from a slight shift in plate
interactions. The outer arc is the easternmost archipelago
and, at 40 million years old, is the older of the two. This arc
consists of extinct volcanic cores that have since decayed
and developed marine reefs (Christman 1953; Malfait and
Dinkelman 1972; Bouysse 1988; Bouysse et al. 1990;
Marshall et al. 1997; Macdonald et al. 2000; Van der Lelij
et al. 2007). The younger (20 million years) inner arc is still
primarily active, marking the current site of the South
American Plate and Caribbean Plate subduction zone
(Malfait and Dinkelman 1972; Smith et al. 1980; Bouysse
1988; Bouysse et al. 1990; Macdonald et al. 2000; Robool
and Smith 2004; Garcia-Casco et al. 2011). Southward from
Dominica, both the outer and inner arcs are superimposed,
and many of the volcanoes are still active in the Windward
Islands.

The geochemistry of volcanic eruptions (metal-rich
effusive versus silica-rich explosive) determines the size
and shape of the volcano itself. Effusive mafic eruptions
result in shield volcanoes, which have a large surface and
gentle slope due to the lower viscosity of mafic lavas. As the

=" Muertos

Caribbean

T
-,

-'-‘1
e

Anti

es ArC

ﬁ i“;

y A

2 cm/yr @ 254°
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2 Geologic and Tectonic Background of the Lesser Antilles

mafic lava is erupted, it can flow somewhat freely and thus
spreads out in large, thin layers before cooling. Alterna-
tively, high-viscosity felsic and intermediate lavas are more
prone to the formation of stratovolcanoes, which have much
steeper topography. Because of the felsic lava’s high resis-
tance to flow, the lava cools and solidifies before it has a
chance to spread over a large geographical area. After
multiple eruptions from the same vent, the igneous rocks
form a steep mountain, and subsequent erupted material
creeps down the sides of the volcano, forming igneous strata
from each non-explosive event. Explosive events generate
volcanic ash-molten rock and dust blasted into the atmo-
sphere. Gravity soon overcomes the momentum of the
erupted material, and the ash cloud collapses back to the
surface of the Earth. When the collapse occurs quickly, it
produces pyroclastic flows, which are effectively rivers of
rapidly flowing superheated ash—an occurrence common in
much of the Lesser Antilles (Sigurdsson et al. 1980).
Occasionally, following a sudden purge of material within
the magma chamber, the overlying volcanic complex can
collapse in itself leaving a crater-like feature at the surface
known as a caldera. Calderas are common on several islands
throughout the Lesser Antilles, most notably on the isle of
Dominica.

Nineteen active volcanic complexes are subaerially
exposed throughout the Lesser Antilles, along with one
active submarine volcano. The isle of Dominica is host to
nine currently active volcanoes and was formed as multiple
stratovolcanoes and calderas grew and overlapped one
another. Volcanic complexes specific to Dominica include
Morne Au Diable, Morne Diablotins, Morne Trois Pitons,
Wotten Waven Caldera, Valley of Desolation, Watt Moun-
tain, Morne Anglais, Grande Soufriere Hills, and Morne Plat
Pays. Although all of the Dominican volcanoes are consid-
ered active and experience periodic minor eruptions, a sub-
stantial eruption has not been recorded on the island since
Europeans first began exploring the Caribbean in the 1600s.
Moving further south into the Windward Islands, active
volcanoes are found on Martinique (Mt. Pelee), St. Lucia
(Qualibou), St. Vincent (Soufriere), and Grenada (Mt. St.
Catherine); however again, eruptions of these are rare
occurrence, with geothermal activity (such as hot springs)
being a main feature among them. An underwater active
volcano named Kick ‘em Jenny, north of the Grenada coast,
has shown sign of rumbling as recent as August 2015.

Leeward Islands within the inner arc region are pre-
dominantly covered in Quaternary and Tertiary volcanic
deposits. Most isles throughout the region are amalgama-
tions of multiple stratovolcanoes. The compositions of most
igneous rocks throughout the area range from mafic basalt to
intermediate andesite (Kerr et al. 1996; Sinton et al. 1998;
Macdonald et al. 2000; Robool and Smith 2004; Garcia--
Casco et al. 2011). Dominant minerals within the andesite
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regimes are biotite- and sodium-rich feldspars; with olivine,
pyroxene, amphibole, and both sodium- and calcium-rich
feldspars dominating the basaltic flows (Kerr et al. 1996;
Robool and Smith 2004). The volcanic islands are littered
with welded tuffs, pumice, tephra, and breccias, which are
the product of pyroclastic flows typical of explosive erup-
tions (Kerr et al. 1996; Robool and Smith 2004). Basalt
clasts (pieces of previously solidified basaltic lava flows
preserved in a more recent flow that were not re-assimilated
as melt) are noted within several of the non-explosive but
still high-viscosity andesite eruptions, suggesting that
intrusion of basaltic magma into andesitic magma chambers
instigated several recent eruptions in the northern islands
(Kerr et al. 1996; Robool and Smith 2004; Kerr and Tarney
2005; Garcia-Casco et al. 2011). The andesitic chambers are
proposed to have formed from the combined melt of oceanic
basalt and gabbro with melted marine sediments during the
subduction of the South American Plate (Malfait and
Dinkelman 1972; Kerr et al. 1996; Robool and Smith 2004).
Multiple dipping limestone beds of Oligocene age also
outcrop on several of the inner arc islands, though were
likely uplifted by a younger volcanic dome formation as
opposed to a tectonic orogeny (Bouysse 1988; Mann 1999;
Robool and Smith 2004; Garcia-Casco et al. 2011).

The now-extinct outer arc of the Leeward Islands was
first formed through Eocene volcanism and later modified by
marine sedimentation from the Eocene to modern day. The
limestones throughout the region require a subaqueous set-
ting to be deposited, meaning the deposits are only formed in
areas that were below sea level during their corresponding
epoch of formation. Many forms of marine life precipitate an
aragonite or calcite (both of which are polymorphs of cal-
cium carbonate) shell throughout their life span. Upon their
deaths, these shells fall to the bottom of the marine water
column and accumulate on the seafloor, building layers of
biogenic carbonate sediments which are later compacted and
lithified to form limestone units. Coral and bryozoan reefs
function in much the same manner—precipitating carbonate
skeletons on existing structures. As these creatures die, they
are covered in the carbonate frames of new reef-forming
creatures, and the structure grows both outward and upward,
provided it remains below sea level.

2.2.3 Lesser Antillean Unconformities

If a landscape transitions from subaqueous to subaerial,
through uplift or sea-level change, marine carbonates can no
longer be deposited. Once deposition of sediments ceases, a
shift to an erosion-dominated environment often occurs,
resulting in the removal of lithologic material. These periods
of non-deposition and/or erosion are geologically repre-
sented by unconformities, where no record of natural events
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for a length of time is preserved in the stratigraphic column.
Three primary types of unconformities exist, all of which are
present in the Lesser Antilles. Nonconformities exist at the
boundary between igneous and sedimentary rocks, such as
those seen between the marine sediments and volcanic ash
flows of the inner arc Leeward Islands. Disconformities
describe gaps in rock deposition between relatively unde-
formed flat-lying sediments, observable on the
sediment-dominated outer arc of the Leeward Islands and
throughout the orogenically uplifted Leeward Antilles.
Angular unconformities occur between flat-lying and
inclined beds, in which a bed is uplifted/tilted, partially
eroded, and then additional sediments are deposited in
flat-lying strata above the remnants of the inclined beds,
much like the volcanically inclined limestone beds on the
isle of St. Eustatius.

Three regional unconformities are present in the Lesser
Antilles. The first occurs between the Oligocene and Mio-
cene volcanic and limestone deposits, the second at about
5.4 million years ago between Miocene and Pliocene vol-
canism, and the most recent at about 2.8 million years ago
between the Pliocene and Quaternary volcanic ash flows.
The earliest unconformity is most evident in the southern
Windward Islands and the outer arc of the Leeward Islands,
for example, the exposures on Antigua and Trinidad. The
islands of Grenada and Tobago display examples of the
Miocene—Pliocene unconformity in the Windward Islands,
and the most recent Pliocene—Quaternary unconformity is
observable in both the Windward Islands and the inner arc of
the Leeward Islands at places such as Saba and Barbuda due
to the active volcanism throughout both regions (Smith et al.
1980; Robool and Smith 2004). Fossil evidence suggests
that these unconformities correspond with periods of relative
sea-level drop in the region, which produced land bridges
linking the island chain to the Greater Antilles to the north
and to South America to the south (Marshall et al. 1997).
While shifts in tectonic motion can cause changes in relative
sea level, it is more likely the conditions necessary for these
Lesser Antilles unconformities were the result of global
climate change. Widespread evidence suggests periods when
global sea levels have fallen in response to cooler global
climates sequestering large volumes of water in ice at the
poles as well as both alpine and continental glaciers (Mar-
shall et al. 1997).

2.2.4 Leeward Antilles

Regionally and geomorphologically distinct, the Leeward
Antilles—not to be confused with the Leeward Islands of the
Lesser Antilles—are composed of the “ABCs” and several
smaller islands owned by Venezuela and stretch along the
southern extent of the Caribbean Plate just north of the South
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American coast. Unlike many of the Leeward and Windward
Islands, the Leeward Antilles lack modern volcanism and
consist of predominantly orogenically uplifted limestones
(Levander et al. 2006; Van der Lelij et al. 2007). Transform
faulting, reverse faulting, and minor subduction at the
boundary with the South American Plate caused fold/thrust
processes in portions of the South American Plate’s conti-
nental shelf, bringing blocks of the seafloor upward to
intersect the ocean’s surface (Edgar et al. 1971; Levander
et al. 2006; Van der Lelij et al. 2007; Viruete et al. 2008).
Most of the islands within this region are merely exposed
reefs and sandbars, although Bonaire is notable for being a
reef uplifted due to volcanic activity (Van der Lelij et al.
2007). Exhumation of the Leeward Antilles was not a single
geochronologically constrained event, as multiple uplifting
periods brought the crustal blocks upward during the Cre-
taceous period, Paleocene, and Eocene epochs (Bouysse
1988; Van der Lelij et al. 2007).

2.3 A Brief Overview of Lesser Antillean
Climate

Bounding the Caribbean Sea, and located roughly between
latitudes of 10 and 19°N, the climate zone of the Lesser
Antilles is easily identifiable as tropical. Although average
rainfall varies from island to island, most precipitation
throughout the region occurs during the latter half of the year
—forming distinctive a “wet season.” Year-round tempera-
tures fluctuate very little, with approximate averages ranging
from low of 22 °C to high of 29 °C (Chenoweth and Divine
2008). The summer and autumn hurricane season also brings
substantial rainfall as hurricanes, tropical storms, and tropi-
cal depressions make landfall over the island arc. Though
these data for the Lesser Antilles as a region are difficult to
find, Jury et al. (2007) note that from the Virgin Islands to
Barbados at least, a dominant midsummer to autumnal pre-
cipitation pattern generally occurs. Within the Lesser
Antilles Arc, and including the ABCs, precipitation—and
therefore climate—remained variable. For example, oro-
graphic uplift on the taller volcanic islands produces rainfall
events as lifting unsaturated air parcels cool at the dry adi-
abatic lapse rate until saturation is achieved, inducing cloud
formation and precipitation (Chenoweth and Divine 2008).
Annual variations in subregional precipitation and storm
frequency/intensity in the Lesser Antilles are also influenced
by larger regional oscillations such as the North Atlantic
Oscillation (NAO) and the El Nifio Sothern Oscillation
(ENSO), and even more so in the southern latitudes (Jury
et al. 2007). For more specific information regarding climate
in the Lesser Antilles, each subsequent chapter contains a
basic climatological overview and, where significant, the
climatic geomorphology is also discussed.
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Fig. 2.4 Basic geology of the Lesser Antilles, illustrating dominant
lithologies across the island chain. The outer Leeward Islands (outer
arc) are the dominantly sedimentary islands of the northernmost arc,
and the inner Leeward Islands (inner arc) are the dominantly igneous
islands of the northernmost arc, converging at Dominica. Southward

100 km

from Dominica, the Windward Islands have outcroppings of both
igneous and sedimentary units. The Leeward Antilles, represented by
the “ABC Islands,” are composed of sedimentary units uplifted during
orogenic events along the boundary between the Caribbean and South
American plates. Cartography by K.M. Groom



