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SERIES EDITOR’S FOREWORD

The philosophy behind the “Benchmark Papers in Geology” is one
of collection, sifting, and rediffusion. Scientific literature today is so vast,
so dispersed, and, in the case of old papers, so inaccessible for readers not
in the immediate neighborhood of major libraries that much valuable
information has been ignored by default. It has become just so difficult,
or so time consuming, to search out the key papers in any basic area of
research that one can hardly blame a busy man for skimping on some of
his “homework.”

This series of volumes has been devised, therefore, to make a practi-
cal contribution to this critical problem. The geologist, perhaps even
more than any other scientist, often suffers from twin difficulties—isola-
tion from central library resources and immensely diffused sources of
material. New colleges and industrial libraries simply cannot afford to
purchase complete runs of all the world’s earth science literature. Spe-
cialists simply cannot locate reprints or copies of all their principal ref-
erence materials. So it is that we are now making a concerted effort to
gather into single volumes the critical material needed to reconstruct the
background of any and every major topic of our discipline.

We are interpreting ‘“geology” in its broadest sense: the fundamen-
tal science of the planet Earth, its materials, its history, and its dynamics.
Because of training and experience in “‘earthy’” materials, we also take in
astrogeology, the corresponding aspect of the planetary sciences. Besides
the classical core disciplines such as mineralogy, petrology, structure,
geomorphology, paleontology, and stratigraphy, we embrace the newer
fields of geophysics and geochemistryx applied ulso to oceanography,
geochronology, and paleoecology. We recognize the work cf the mining
geologists, the petroleum geologists, the hydrologists, the engineering
and environmental geologists. Each specialist needs his working library.
We are endeavoring to make his task a little easier.

Each volume in the series contains an Introduction prepared by a
specialist (the volume editor)—a “state of the art” opening or a summary
of the object and content of the volume. The articles, usually some twenty
to fifty reproduced either in their entirety or in significant extracts, are
selected in an attempt to cover the field, from the key papers of the last
century to fairly recent work. Where the original works are in foreign



Series Editor’s Foreword

languages, we have endeavored to locate or commission translations.
Geologists, because of their global subject, are often acutely aware of the
oneness of our world. The selections cannot, therefore, be restricted to
any one country, and whenever possible an attempt is made to scan the
world literature.

To each article, or group of kindred articles, some sort of “highlight
commentary’’ is usually supplied by the volume editor. This commentary
should serve to bring that article into historical perspective and to em-
phasize its particular role in the growth of the field. References, or cita-
tions, wherever possible, will be reproduced in their entirety—for by this
means the observant reader can assess the background material available
to that particular author, or, if he wishes, he, too, can double check the
earlier sources.

A “benchmark,” in surveyor’s terminology, is an established point
on the ground, recorded on our maps. It is usually anything that is a van-
tage point, from a modest hill to a mountain peak. From the historicalt
viewpoint, these benchmarks are the bricks of our scientific edifice.

RHODES W. FAIRBRIDGE



PREFACE

An introduction to the geology of the West Indies is, on the one
hand, an easily limited subject because the islands have definite borders
and are relatively small. The most superficial study reveals, however, that
many interesting aspects lead outside the islands to the continents on the
north, south, and west, and to the Atlantic Ocean on the east. This vol-
ume attempts to cover the main aspects of Caribbean geology, and sev-
eral of the introductions and papers give references to broader areas and
topics than can be contained here.

The voiume includes 20 compiete papers and segments of 16 other
papers. The training and interests of the editor have of course slanted
the coverage, toward geologic history, tectonics, and petrogenesis of
the geological elements of the Caribbean islands and basins. Perhaps the
most cursorily covered subjects are paleontology and geomorphology,
but these would require a much larger volume and so are only included
as references. Several classic papers are too long to be included, the
prime example being the 1940 paper by Alfred Senn on Barbados. The
editor attempted to enlarge the volume’s coverage by including the 16
excerpts or abstracts of some significant longer papers which would
otherwise have been omitted.

Helpful discussions and correspondence with Alice Boiteau, Mar-
shall Kay, H. J. MacGillavry, John C. Maxwell, and A. A. Meyerhoff are
gratefully acknowledged. Ms. Boiteau kindly checked translations of her
two papers included here. Research Librarians Clare Mayers and Pris-
cilla Heinz of Lamont-Doherty Geological Observatory, Columbia Uni-
versity, and O. Harry Mosely, r., of Queens College have aided in locating
references and other bibliographic problems. Professor Rhodes Fair-
bridge, the Series Editor, has given invaluable advice and helped to im-
prove the manuscript, and Mrs. Bernice Wisniewski of DH&R has guided
the editor and his manuscript through the publication labyrinth. Finally,
the volume could never have been written without the tolerance and
patient encouragement of Leila Ott Mattson.

PETER H. MATTSON
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INTRODUCTION

Our knowledge of the geological framework of an areadevelops slow-
ly. First, the explorers and naturalists describe their maps, collections,
and observations, the products of long and often difficult and hazard-
ous trips. Of necessity, they only skim the surface, traveling rapidly
and taking relatively few scientific samples. They usually recognize
only the most obvious features, although these may be most important
and may still be puzzling modern scientists. Next, geologists begin
reconnaissance studies, usually over large areas and often emphasizing
economic aims. Paleontologists visit the most prolific and spectacular
collecting sites, which results in maps and reports that are extremely
valuable because they give the first details from the vast regions
between the mines, volcanoes, and other obvious landmarks noticed
by the first visitors. At this stage, local or colonial governments and
scientists native to the area may become interested and involved; but
the primary workers are usually from the world’s great scientific
centers. Finally, systematic detailed geologic mapping is organized
by developing local governments and universities; native scientists grow
in numbers and experience; and the quality and quantity of geological
work approaches that in the better known parts of the world.

Charles Schuchert’s 1935 book, Historical Geology of the Antillean-
Caribbean Region, summarizes geological knowledge of the West Indies
and surrounding regions up to its year of publication. At that time,
the exploratory stage had ended and the reconnaissance stage had
begun.

In the Caribbean, the exploratory stage began (from a geological
point of view at least—political conquest and commercial exploration
began with Columbus) with Alexander von Humboldt (1769-1859),
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who became the first great explorer-naturalist to visit the West Indies
when he spent a few months in Cuba in 1800-1801 and 1804. His work
on Cuba was published as part of a three-volume set between 1814
and 1825. Other explorers were the paleontologists Fernandez de
Castro in Cuba (1884) and W. M. Gabb in Hispaniola (1873); the
Swedish chemist and geologist P. T. Cleve in the Virgin Islands (1871);
De La Beche (1827) and J. G. Sawkins (1869) in Jamaica; and the most
prolific of the early workers, Robert T. Hill (1859-1941), who visited
and described Cuba, Puerto Rico, Jamaica, and Martinique from 1894
to 1905 in association with Professor Alexander Agassiz of Harvard.

These men described the West Indies as an orogenic system between
North and South America. They saw, however, that mountain belts
could not be traced across the Central American region from North to
South America, as Humboldt had first thought. R. T. Hill suggested
that an orogenic system existed between Tehuantepec in southern
Mexico and the Andes of northern Colombia, and that it had a separate
and distinct history from its larger neighbors. The Antillean orogenic
system contains structural elements parallel to the American Cordillera
but displaced eastward, such as the Lesser Antilles and the Beata and
Aves Ridges; but it also contains elements oriented transversely to the
Cordilleran grain, such as the Greater Antilles, the southern Antilles,
and the Yucatan and Nicaragua Ridges. They recognized- that some
structural trends were younger and superimposed on older trends—
the best example of this is the northwest-trending line of the younger
volcanoes of Central America, superimposed on east-trending older
structures.

Schuchert wrote after the first reconnaissance results appeared.
Several mapping projects had begun in the Greater Antilles; the earliest,
in Puerto Rico, was carried out by the New York Academy of Sciences
and Columbia University. This and others are described later in this
book.

Schuchert summarizes the deformation in the West Indies as occur-
ring in at least four widespread episodes. The younger three are fairly
well documented by the reconnaissance work: Antillean deformation
in Late Miocene and Pliocene, Early Cenozoic deformation in the
Late Eocene, and Laramide deformation in the Late Cretaceous. The
oldest deformation was not well known at that time and is still poorly
understood: late Middle Jurassic and Late Jurassic in Cuba, and at least
as old as Late Cretaceous elsewhere in the West Indies. There may have
been more than one pre-Cretaceous deformation in some areas, as will
become apparent from the Cuban studies.

Schuchert described older deformations and strata in Central
America and the Cordilleras, and suggests that any of these older
elements could correlate with the undated metamorphic basement
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rocks in the West Indies. He thought that the ultimate cause of the
Caribbean deformation was subcrustal heating and lateral flow of heat
from the ocean areas landward, as ‘‘subcrustal flowage and pressure”
(1935, p. 46), an interesting comment for the 1930s. He postulated
that during the Jurassic and Cretaceous subsidence behind regions
of such subcrustal flow created basins which filled with sediments in
the positions of the Greater Antilles. Epiorogenic uplift occurred
sporadically. Late Mesozoic subcrustal flow from the Caribbean north-
ward developed the Greater Antilles, Lesser Antilles, and Bahamas
volcanic arcs. Thus, Schuchert uses subcrustal flow to create compres-
sional pressure, directed from ocean basins toward land areas, in appro-
priate places and times to develop the known geologic features. Cooling
of these regions after cessation of the Laramide and Late Eocene
orogenies caused the Miocene-Pliocene block-faulting of the Antillean
deformation.

Between 1914 and 1935, systematic reconnaissance began in the
West Indies. T. W. Vaughan (1921) and W. P. Woodring (1924) and
their coworkers studied Haiti and the Dominican Republic. Professor
Charles P. Berkey (1915) and his students spent several summers in
Puerto Rico and the Virgin lIslands; and Professor L. M. R. Rutten
and his students investigated Cuba and the southern Antilles in 1930,
1933, and 1939. This work, except for most of the Cuban reports,
was published in time to be included in Schuchert’s book. All of this
work was hampered by a lack of good topographic base mapping, in-
adequate transportation networks, and generally rugged field condi-
tions; but a great amount of good geology was done. They made their
own base maps, often with poor control, and produced essentially
strip geologic maps along sireams and the roadways, trails, and rail-
roads that then existed. Attempts to infer geologic relations between
these lines were successful in areas of simple structural relations, but
were not as successful in the more complex structures, such as southern
Puerto Rico and parts of Cuba. The principal parts of the geologic
framework were outlined: an older volcanic, plutonic,and metamorphic
core flanked by younger and nonvolcanic, carbonate, and clastic
deposits. More fossil and stratigraphic data were added to the record,
but many incorrectly dated rocks, undated rocks, and essentially blank
map areas remained.

The papers presented in this volume were originally published
between 1938 and 1972: one in 1938, two in 1947-1948, four in the
1950s, and the rest in the last fifteen years. The 1950s begin the
period of detailed geologic mapping and the beginning of systematic
geophysical and oceanographic studies, although a small amount of
geophysicai work was done before World War Il (see Paper 1). Syn-
theses attempting to fit all the details into a small number of models
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and evolutionary sequences were of course being published very early,
but those that could consider most of the modern data begin about
1968. Following the papers, a model (Part X) will be suggested that
incorporates most of this data.
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Editor's Comments
on Papers 1 and 2

1 HESS
Gravity Anomalies and Island Arc Structure with Particular
Reference to the West Indies

2 MOLNAR and SYKES
Excerpt from Tectonics of the Caribbean and Middle America
Regions from Foca! Mechanisms and Seismicity

The 1938 paper of Harry H. Hess, “Gravity Anomalies and Island
Arc Structure with Particular Reference to the West Indies,” begins this
volume. It inspired much later work, and it is also an example of the
strong influence of geophysical studies on geological research. A great
Dutch geophysicist, F. A. Vening Meinesz, developed the technique of
measuring the force of gravity at sea, using a submarine beneath the
turbulent waves as a stable platform for a delicate recording pendulum.
Vening Meinesz passed through the Caribbean on his way to the East
Indies, and while above the Puerto Rico Trench he recorded unusually
low gravity values (about 0.03 percent below normal). Hess, using the
same technique, measured gravity throughout the Caribbean. He con-
firmed Vening Meinesz’s work and showed that a simple tectonic
model, developed by Vening Meinesz and Philip Kuenen in the Nether-
lands and David Griggs and Hess in the United States, fit the data.
This model, called the tectogene, postulated a symmetrical downbuck-
ling of the earth’s less dense crust into the more dense mantle. The
model worked moderately well in island arcs, and could be visualized
in experiments with clay layers and rotating drums, but the asymmetric
pattern of island arcs and many mountain belts was difficult to explain.
After World War Il, Hess began to make basic geologic maps of critical
areas in the West Indies and Venezuela, hoping to be able to develop
a more adequate hypothesis of mountain making.

The war’s end gave great impetus to scientific research. One of the
branches of science most affected was the geophysical investigation of
the ocean basins. War-surplus equipment became available, new ideas
were born, and an enormous amount of basic data were produced by
great oceanographic laboratories such as the Lamont-Doherty Geologi-
cal Observatory of Columbia University, the Scripps Institution of



