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LETTER OF TRANSMITTAL.

Washington, D. C, May 1, 1894.

Dear Sir : — I beg to submit the following report upon my recent

studies in Cuba, undertaken at your expense and under your direction.

I left Washington, D. C, Sunday, February 11, arriving at Havana

on the following Wednesday. A day was spent in Havana to ascer-
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tain the most feasible methods of working. I then made a reconnois-

sance east to Villa Clara, from which point a reconnoissance was made
north and south across the island. This trip was made primarily to

obtain some knowledge of the interior of Cuba. I was accompanied by

some American engineers who were familiar with the island, and who
were of great assistance to me in my subsequent operations. Returning

from Villa Clara to Havana, I stopped at several points-

, including

Matanzas and neighboring places. There were many opportunities to

study the basal contacts and structure of the limestones in relation

to the older nucleal area of Cuba upon which they were deposited. At

Matanzas I made a thorough study of the cut of the Yumuri Eiver

of Matanzas, and of the limestone formations composing the Pan de

Matanzas and the country to the interior, as set forth in the following

pages. Returning to Havana from Matanzas, I spent a few days studying

the geology of the site of that city and its environs, and in making a

north and south section across the island from Havana to Batabanos.

On February 28, a coasting steamer was taken from Havana for

Baracoa, which stopped for four or five hours at various points on the

way. I arrived at Baracoa on the 4th of March. With Baracoa as a

base, I made a study of the country west of Yunque mountain and east

to Cape Ma}7 si, taking a trip up the Yumuri River of the east.

I sailed from Baracoa on the 13th of March, arriving at Philadelphia

on the 18th.

I wish to acknowledge my obligations to Mr. E. Sherman Gould, of

New York, Consulting Engineeer of the Havana "Water Works ; Rev.

Lorenzo J. Arrubla, of Real Colegio de Belen, Havana ; Seiior S. Fortun,

Chief Engineer of the United Railways of Havana ; Hon. A. B. Dickey,

Consular Agent of Baracoa, and many others throughout the island, for

valuable data furnished ; also to Prof. W. H. Dall of Washington, for

his valuable assistance in paleontologic determinations of the age of the

rocks discussed herein.

Looking back at my expedition, I now see many points which I would

like to examine again, but I hope that, upon the whole, you will not be

dissatisfied with the results.

Very truly yours,

. Robert T. Hill.

To Alex. Agassiz, Esq., Cambridge, Mass.
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INTRODUCTION.

Paleontology, stratigraphy, and physical geography are the three

co-dependent criteria by which geologic history is interpreted. A proper

study of the paleontology of Cuba requires years of residence and patient

labor by an expert in Cenozoic and Mesozoic fossil forms. The struc-

tural geology, involving vast petrographic research and tedious travel,

likewise demands long study ; the thick residual soils, the dense vege-

tation, and the absence of highways and general lack of exposures every-

where, retard the worker in these branches of geology. While geologic

research in these fields has already given us criteria without which the

present paper would have been impossible, the topographic forms reveal

a story equally interesting and more intelligible, and in the following

pages I have endeavored to interpret them, with such assistance as

could be derived from the co-ordinate branches of paleontology and

structure.

Literature contains many descriptions of the general geography and

geology of the island, — especially the works * of Humboldt, Salterain,

Suess, Crosby, Ramon de la Sagra, Don Manuel Fernandez de Castro,

and the various publications of Mr. A. Agassiz. Don Manuel Fernandez

de Castro's brief pamphlet, accompanied by a geologic map, is an excel-

lent resume of the stratigraphy and paleontology of Cuba, and should

be consulted by any one contemplating the perusal of the present paper.

Mr. Agassiz's investigations have made known to science the wonder-

ful topography of the surrounding ocean floor. M. Elisee Reclus has

recently compiled the general physical and political geography of the

island as ascertained by previous investigators, and its relation to the

surrounding seas and the West Indian archipelago. Professor Suess

has compiled a chapter on the Antilles, setting forth the present state

of knowledge concerning the geology of the island of Cuba. These,

together with Salterain's description of the geology of Havana, have

explained in a preliminary way the geography and geology in a manner

to prepare for an intelligible discussion of the topographic evolution of

the island, by which its history may in part be finally interpreted.

1 Tlie titles of these publications are given in notes accompanying the references

to them.
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I preferred to examine the phenomena entirely de novo, so as to be

influenced by no preconceived hypotheses, and hence made no study

of these writers until my report was formulated. After outlining this

paper I examined this literature, and I hope that the present discussion

of the topographic and diastrophic phenomena will further advance the

work so well begun by others. I am also glad to affirm, with a few

minor exceptions, the views of the structure set forth by these earlier

writers, and I would earnestly request those who read this paper to

consult them.

I. ELEMENTARY GEOLOGIC STRUCTURE.

The Pre-Tertiary, Metamorphic, and Igneous Foundation. — This is a

floor of ancient (certainly Pre-Tertiary) rocks, consisting of serpentine

and igneous material, mostly basic in aspect. These are exposed by
erosion at various points throughout the island, but, except in the

Santiago region, they seldom, if ever, form the rocks of the immediate

coast, although often found quite near it. They now underlie most

of the island at no great depth, and are exposed in many drainage

cuts beneath the limestones. Wherever I have seen these rocks— at

Villa Clara, Havana, and near Baracoa— they had once been covered

by the Tertiary limestones, but I cannot speak with certainty concern-

ing the proviuce of Santiago de Cuba, where, according to Kimball,

traces of limestone as high as 2,300 feet are preserved on the south side.

On the north side, opposite Santiago, they are certainly overlapped far

interiorward by the limestones. Some of the igneous and metamorphic

rocks of the Santiago region may be of later origin and intrusive

through the limestone, but generally throughout the island they have

been completely covered by the latter. No Post-Tertiary eruptive

sheets were seen by me except one small dike which intrudes into the

greatly folded limestone near the water-works back of Havana. (See

Plate I. Fig. 3.)

These older rocks consist of diorites, serpentines, schists, and rarely

granites, as reported from Santiago ; of serpentines, greenstone, porphyry,

and basic igneous rocks brought down by the rivers of the north side of

the east end of the island ; of serpentine and metamorphic rocks with little

quartz, as seen underneath the limestone in the vicinity of Villa Clara
;

and of serpentine, tuffs, and old volcanic material, as back of Havana.

The rare presence of eruptives and of sedimentaries older than Cre-
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taceous, reported by De Castro and occasionally seen by me in this old

complex, testifies that in Pre-Tertiary time the old metamorphic floor

protruded above the level of the sea as a land area, during a period of

active vulcanism. From their composition and occurrence there can

be little doubt that they once formed an ancient land area of unknown

size and relations, but certainly almost as lai'ge as the present island,

which was partly or completely submerged during early Tertiary time.

The Pre-Tertiary Sedimentaries.— Resting upon this metamorphic and

igneous foundation at various places there is a formation of stratified,

non-fossil iferous, sedimentary clays. These are older than the Tertiary

limestone, and apparently immediately preceded them in origin. They

are not of great thickness, and are void of determinable fossils wherever

I have observed them. In the Havana section, in the southern suburbs

of the city, only a few feet are exposed beneath the old limestone in

contact with the underlying tuffs. They are here green in color, and

somewhat unctuous.

In travelling overland toward Villa Clara, I found that the limestones

extend beyond Colon, but between that place and San Pedro they are

eroded through down to the underlying clay formation, which extends

from there continuously east to Villa Clara, being best exposed at

Esperanza. Here the railway has cut across a low anticline of clays

which show well defined stratification planes and alternate strata of

softer and harder beds. In general they consist of (1) an upper division

of light colored, laminated, thinly banded clay, with persistent bedding,

of which twenty feet are here exposed, and (2) a lower series of coarser

beds, the harder persistent strata being loosely cemented and having a

mealy consistency, with siliceous pebbles, while the alternate beds are

laminated. About one hundred feet of these are exposed. These clays

are folded and slightly faulted in places.

I could find in these beds no fossil remains except one poorly preserved

plant impression, a monocotyledon, which, with the general character of

the material, gave the impression that these clays were deposited when

the conditions of sedimentation around Cuba or in Cuba were far differ-

ent from those of the present, and, to a certain extent, they indicate a

previous land. I cannot say positively that the Esperanza clays are

identical with the clays of Havana, but both occupy the same relative

position between the Tertiary limestones and the metamorphic for-

mation, and both are exposed by the erosion of the limestone from

above them.

De Castro refers these clays of Esperanza to the Cretaceous period,
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upon what ground, except stratigraphic position, I cannot say. He
reports other Mesozoic sedimentaries at hoth ends of the island, together

with Ammonites and Radiolites, which would clearly indicate the occur-

rence of Cretaceous deposits in Cuba.1

The Esperanza clays with plants disclose a Pre-Tertiary land accom-

panied by erosion, but its area and extent I cannot interpret. There

are indications that these clays have been metamorphosed into schists

in places, as may be seen nine miles north of Villa Clara, where the

anticlinal rocks overlying a vast intrusive bed of asphaltum show many
evidences of transition. This idea, however, is at present merely a

suggestion.

Formations of the Tertiary Subsidence. — In strong contrast with the

Esperanza clays and the older metamorphic floor are the Tertiary and

later limestones which cover them, and which are the predominant geo-

logic feature of Cuba. These certainly once extended over all the island,

with the possible exception of a small portion of the high mountainous

region before mentioned, in the vicinity of Santiago de Cuba. They

still occupy by far the greater portion of the whole area. The study

and classification of the limestone complex is difficult, owing to the

folding, induration, and erosion, the thick covering in places of residual

soil and vegetation, the universal alteration they have undergone through

solution and internal changes, and the general concealment by tufaceous

incrustation of well defined stratification planes and partings. The lime-

stones are clearly divisible into the two general categories of the newer

and the older, or basal. The former consist mostly of unfolded rocks of

undoubted coral reef origin, and occur on the lower levels adjacent to

the coast, while the latter, if of coral reef origin, have lost all character-

istic features of rocks of such origin, are undulated and folded, and

constitute the uplands and high coastal scarps against and around which

the later coral rock grew.

The more ancient limestones nearly everywhere constitute the upland

of the island, and by alteration and underground decay have lost their

coralline structure, if they ever possessed it. These, so far as my
observations extended, constitute all the limestones of the island above

an altitude of one hundred feet. These older limestones are diverse in

texture and composition. Where good exposures are obtainable, they

usually exhibit well defined stratification and separation planes, never

seen in the undoubted reef rock, and sometimes alternate with more

1 Pruebas Paleontologieas de que la Isla de Cuba, etc., por Don Manuel Fernan-

dez de Castro, Madrid, 1884, p. 6.
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marly or very slightly siliceo-argillaceous beds. The limestone beds

have been well described lithologically by Sagra, as follows :
—

" It is white in color, or light yellow, with a fracture sometimes smooth,

sometimes conchoidal, containing some concretions, — very often casts with

petrifactions. The fossil substances enclosed in the limestones are very abun-

dant. . . . The porous beds of the middle part of this locality, as near Batabano,

resemble those spongy and calcareous banks of the Jurassic of Francone, near

Dondorf, Pegnitz, and Tumbach. These yellow cavernous beds, which show

cavities from four to five inches in diameter, alternate with others entirely com-

pact and less charged with petrifactions. The line of hills which border the

valley of Los Guinea toward the north, and which unite the hills of Camoa
and the Tetas de Managua are of this last variety, the color of which is a rosy

white, sometimes almost lithographic, like the Jurassic limestone of Pappenheim.

The compact and cavernous beds contain small ferruginous masses, and are the

same formation that Humboldt designated the Calcarie de los Guines, which is

exposed on the southeast near Trinidad, on the hills of San Juan, already

referred to, and on the north coast, near Matanzas. In these different localities

it exhibits grand subterranean cavities, where rain water accumulates, and in

which many considerable streams submerge." x

I might add to this description the remark that these rocks bear a

striking lithologic and structural resemblance to the Neocomian and

Middle Cretaceous rocks of Texas.

Although distinctly stratified, the limestone is irregular in texture.

While it is, in general, of a cellular structure, a cubic foot of it in any

locality exhibits great irregularities in hardness and compactness. There

are spots so hard and crystalline that it is difficult to break them with

a hammer ; other spots are firmly crystalline and banded ; still others

are rounded indurations ; and again there are soft, pulverulent spots.

All of this irregularity of texture is secondary, or in a condition of

alteration produced by aqueous solution. In some places the cellular

cavities are many feet deep, while the remaining portions are indurated

into sharp edges of coarse, sometimes crystalline limestone. So com-

pletely has the work of solution and interstitial change gone on that it

is doubtful whether the original nature of the rock is anywhere well

preserved.

This weathei*ing and induration is very similar to that which I have

often noticed in the chalky Lower Cretaceous limestones of Texas. On
the resisting summit points the rock is hardened and worn into the

peculiar Liliputian ridges known in the Alps as " Karrenfelder," while

1 Histoire Physique de Cuba, Tom. I. p. 109.
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the steeper bluffs are thickly coated with" tepetate," or tufaceous deposits.

Great caverns abound iu these rocks in many parts of the island.

These limestones have been so greatly altered since their original

deposition that, from macroscopic examination, it is difficult to tell their

original character or the conditions under which they were deposited.

They certainly do not anywhere exhibit the enormous proportions or

abundance of coral remains so apparent in the reef rock, ner do they

show, except occasionally, an abundance of casts and moulds of molluscan

shells, and I seriously doubt whether, as alleged by Crosby * and Kimball, 2

and formerly by A. Agassiz, 3 they are coralline in origin, as in the modern

reef rock. They sometimes contain traces of coral, but I do not think this

proves that they were reef rock, for all corals are not reef building, and

the organic remains are far more abundantly molluscan than coralline.

Neither can they be called chalks, although very foraminiferous in places,

for they are too coarsely crystalline, clastic, and molluscan, and lacking

in that 'fineness and uniformity of texture seen in the chalky limestones,

which I have had considerable experience in studying. In places at their

basal contact they are certainly detrital, showing (as at the reservoir

south of Havana, where they are in contact with the older series of clays

and serpentines) a distinct conglomeratic structure, and being composed

largely of shell fragments and beach wash. Near Villa Clara they contain

very small fragments of igneous material derived from the older rocks

which they buried. In many places they are distinctly sedimentary, as

seen in the Castillo Principe Plateau west of Havana, where they con-

tain alternations of stratified, slightly yellow argillaceous layers, while

the several hundred feet exposed in the canon of the Rio Armendaris,

south of Havana, exhibit far more molluscan remains than coral, although

some corals are present. Likewise at Matanzas the older limestones ex-

hibit every character of sedimentaries with molluscan remains, rather

than coral reef structure. At Baracoa, Nuevitas, and elsewhere on the

west coast, the limestones not only appear to be sedimentary, but they

alternate with beds of a yellow argillaceous and arenaceous material,

clearly sedimentary, and containing great numbers of molluscan fossils.

In fact, I do not believe that any of the limestones below No. 2 of the

Matanzas section (Plate II. Fig. 4) are of reef reck origin, but am of

the opinion that they are mostly organically and chemically derived sedi-

1 On the Elevated Coral Reefs of Cuba. Proceedings of the Boston Society of

Natural History, Vol. XXII. pp. 124-129.

2 American Journal of Science, December, 1884.

8 Bull. Mus. Comp. Zool., Vol. XXVI. No. 1, December, 1894.
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ments of marine lime mixed with the- calcareous debris of the life of the

ocean's margin, with, in places, an almost imperceptible proportion of

the finer physical sediments of the nucleal island.

While these limestones and alternating beds have a great areal extent,

it would be a mistake to assign to them a proportional thickness, for

accurate measurements will not make their thickness anywhere greater

than one thousand feet. I estimated from the dips in the Rio Armen-

daris section that they were from eight hundred to one thousand feet

;

the incomplete section in the canon of the Yumuri of Matanzas reveals

eight hundred feet ; the canon of the Yumuri of Baracoa shows six hun-

dred feet; the summit of Yunque displays less than one thousand feet

;

while the section from fourteen kilometers south of Havana to Bata-

bano is not over one thousand feet. (Plate II. Fig. 1.) In fact, they

may be said to constitute a comparatively thin veneering over the old

metamorphic floor.

The old limestone formations occur from end to end of the island, and

extend in many places completely across it down to water level. Their

continuity is interrupted only by erosion along the central axial region,

and only the low portion adjacent to sea level is covered by later deposits.

De Castro's geologic map of Cuba 1 shows in an excellent manner their

general disposition. In places, as between Mata and Yumuri, they form

the north wall of the coast. They cap the highest eminences of the

island seen by me, overlooking all other rocks, being overreached only

by the Sierra Maestro, the geology of which is unknown. Their close

proximity to the north coast and their abrupt protuberance above the

newer formations have an important bearing on the history of the island

as a whole. So extensive is this old limestone formation, and so abruptly

does it rise above the coast, that, if all the coastal formations were

stripped away, or if the island should subside for one hundred feet, its

superficial extent would hardly be perceptibly diminished or its outline

materially altered.

The greater part of these limestones seen by me are of Eocene and

Miocene or of Pliocene age, as alleged by De Castro. In the Armendaris

section, near Havana, they are both Eocene and Miocene, as has been

asserted by De Castro and others, and as is shown by my collections. 2

1 Croquis Geologica de la Isla de Cuba, por D. Manuel Fernandez de Castro,

ampliado por D. Pedro Sallerain y Legarra. 1869-83. Printed in Vol. IX. of the

Congreso International de Amerieanistas.

2 The determinations of age in this paper are based upon the paleontologio

determinations of Dr. William H. Dall, of the U. S. Geological Survey, who kindly

examined the material collected.
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At Baracoa the upper layers are Miocene. Humboldt, De Castro, La

Sagra, and others have recognized the Tertiary age of these limestones,

and their distinctness from the modern reef rock, or soboruco. Concern-

ing them De Castro says :
—

" The Tertiary terrane in the island of Cuba is more important in view of the

great extent it occupies, the abundance of its fossils, and various circumstances

which are peculiar to it, and which would supply matter for a long discussion.

I shall have to confine myself, however, to saying that at one time it must

have covered nearly the whole surface of the island, judging by what still

remains of it, notwithstanding the denudation which it has undoubtedly suf-

fered. A glance at the sketch will serve for a description or enumeration of

the localities where it is found, 1 although it is probable that, when the whole

territory of the island is studied as has been the immediate vicinity of Havana,

Matanzas, Cienfuegos, and Santiago de Cuba, part of the color representing the

Tertiary terrace will have to be replaced by colors indicating older formations,

which, like the Cretaceous, have not yet been recognized owing to lack of data.

" The presence of Carcharadon megaloden, belonging exclusively to the Mio-

cene period in Europe, although found in America also in the Eocene ; the

abundance of Orbitoides mantelli, a foraminifer which in the United States

characterizes a bed belonging to the Upper Eocene ; the occurrence of Orbitoi-

des at many points, as in the vicinity of Pinar del Rio, at the western end' of

the island of Cuba, and at localities on the eastern part of the island of Santo

Domingo, forming an extensive horizon, would permit the exact determination

of the age of the different beds above and below those containing this forami-

nifera. For the present I will confine myself to saying that in Cuba there

undoubtedly exist deposits of the three periods into which the Tertiary is

divided, because among seventy genera and more than two hundred species

of fossils thus far found, there are, besides those of the Eocene and Miocene,

a great number which belong to the Pliocene.

" The Eocene is perfectly represented, and there are many fossils which, if

they are not identical with those referred in Europe and India to the Nuin-

mulitic, greatly remind one of them. ... It may be said that in Cuba the exist-

ence of the Miocene and Pliocene has more evidence, in view of the abundance

of fossils distinguishing those ages." 2

It would be desirable to make a complete study of these old tertiary

deposits, but it would require years of careful paleontologio and strati-

graphic investigation. The observations made by me at various localities

were not sufficiently numerous to enable the construction of a generalized

section, or to permit deductions concerning the permanency or continuity

1 Found also by me in the Armendaris section near Havana.
2 Pruebas Paleontologicas, p. 7.
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of the horizons aud the alternations of lithologic material shown in the

local sections, such as the great beds of fine siliceous and argillaceous

mixtures with the lime, as noted at Matanzas and seen from there east

to Baracoa, forming thick strata of yellow material, containing, at least

at Bai'acoa, Miocene Mollusca and corals, as determined for me by Dr.

Dall and Mr. T. Wayland Vaughan. (Plate I. Fig. 5. 3.)

The slightly arenaceous yellow beds outcrop at Nuevitas, Gibara, and

many other places along the coast, and are included between thicker strata

of limestone, and I think they are underlain by several hundred feet of

that material, and belong near the limestone capping Yunque and the

Yumuri bluffs. These yellow bluffs underlie the soboruco reef at Bara-

coa, and are capped by a thick stratum of old limestone back of the city.

The harbor is largely formed by their undermining. They are also well

developed beneath the old reef points of Mata Bay.

A peculiar rock material in the old limestone series at Baracoa, and not

seen elsewhere, is a hill (Plate I. Fig. 5. 4) of almost vertically stratified

siliceous material, which at first sight resembles gray chalk, but has the

light specific gravity of some of the diatomaceous earths. Under the

microscope this material is found to be composed largely of siliceous re-

mains of minute organisms, mostly of Ptadiolaria, with sponge spicules and

echinoid fragments, but containing no diatoms, so far as I have studied it.

This material is distinctly stratified, and contains oocasional thin separa-

tion layers of a gray-blue clay and some flint-like siliceous nodules. It has

clearly undergone great disturbance, as is shown by the vertical arrange-

ment of its beds, and appai-eutly lies below the yellow beds, which are

Miocene, as determined by Dr. W. H. Dall. This material has always

been a source of great perplexity to the. people of Baracoa, who could not

classify it or understand its qualities. The reservoir for the village

water-works is located upon the single hill where it outcrops, on the

southwest side of the harbor. The beds are over five hundred feet in

thickness, and I think they overlie the oldest of the limestones, but this

I could not ascertain with certainty. Neither this material nor the

yellow beds which together constitute at least five hundred feet of the

tertiary sequence can be classified as of coralline origin.

The Post-Tertiary Folding.— The chief feature which separates the older

limestones into a distinct system from the modern reef rock is the strati-

graphic unconformity between them, and the fact that the former have

undergone great folding and disturbance prior to the deposition of the

latter, which are always subhorizontal. In no locality have I seen the

newer reef rock folded or greatly pitched, but the older limestone is
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frequently tilted at an angle of forty-five degrees, as at Baracoa, and

sometimes intensely folded into anticlines, as back of Havana, and pre-

sents every degree of folding and disturbance in the numerous railway

cuts between Havana and Matanzas, at Villa Clara, Yumuri, and else-

where. In fact, it is seldom if ever subhorizontal on the north coast,

and the later deposits are entirely unconformable with it. While the

details of this disturbance could not be wrought out during the brief

time which I spent upon the island, its character can be seen in the

various sections and illustrations given on Plate I.

The general lay of the old limestone is that of a low anticline whose

axis corresponds with that of the island, with folds more greatly devel-

oped along the northern coast. This folding took place clearly near the

close of Tertiary time, and prior to the deposition of the Post-Tertiary

formations and elevations to be described, and indicates one of the most

important epochs in the geological history of Cuba, representing, as it

does, an orogenic folding not elsewhere traceable in North American

history. This folded condition of the limestone, however, has in no

manner influenced the later topographic detail of the surface, and was

mostly, if not entirely, antecedent to the great regional elevations to be

described later.

The Post-Tertiary Formations.— In sti-ong contrast to the older Ter-

tiary limestones is a more modern group of limestones of undoubted

coral-reef origin, which border the coast in most places, or form small

coral islets adjacent thereto, and are locally known as soboruco.

M. Ramon de la Sagra has defined this formation as follows :
—

" L'autre formation de calcaire moderne, qui a recu dans le pays le nora de

soboruco, se trouve de long de la cote dans plusieurs endroits de Pile ; elle est

tellement recent, que son agglomeration continue meme aujourd'hui, et c'est

a elle que l'on doit les cayes, les recifs et tous les bas-fonds de coraux. Les

parties superieures s'elevent parfois a partir d'une profondeur de vingt a trente

brasses. Toutes les inegalites de cette roche sont recouvertes d'une couche

calcaire agglonieree avec des restes d'animaux, des coquilles, de coraux, et de

madrepores." 1

The elevated reef rock can always be recognized by the perfection and

abundance of well preserved remains of reef-making corals, which form

the greater proportion of the mass and unmistakably show its origin, and

by the absence of subdivisions into lamination and bedding planes. The

surface is practically the old level of the submerged reef, the sharper

1 Histoire Physique, etc. de l'lle de Cuba, Tom. I. p. 110.
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irregularities having been levelled by solution. The formation averages

about thirty feet in thickness, and usually extends inland only a short

distance, often only a few yards, as on the northwest end of Moro Point,

or not over an eighth of a mile, as at Baracoa, and is especially well

exposed along the narrow points of the numerous small harbors, as shown

on Plate II.

The soboruco is a topographic as well as a stratigraphic feature, for its

surface is a bench gently sloping to the sea ; it has neither been covered

by later deposits nor greatly denuded. It usually forms a cliff at the

surf line, about fifteen feet in height, against which the surf beats with

great force, wearing deep indentations. The spray breaks over the

summit, with the aid of the sun producing the surface induration which

is visible wherever ram or other moisture falls upon the hot limestones,

or wearing the surface into cavernous Karrenfelder. This solution and

induration at Baracoa, for instance, has converted the limestones in

spots into a coarse saccharoidal marble, and has aided in the segregation

of small lumps of iron ore direct from the coral.

Where I was able to examine the base of the elevated reef rock,

mostly at the mouths of rivers, it seems to have been deposited rather

abruptly upon a semi-argillaceous terrane of silt, and occasionally very

fine pebbles, which have been brought down and deposited by the rivers.

(Plate II.) I did not find it growing upon the larger gravel which is

deposited immediately at the river's mouth, as is seen off the Yumuri of

Baracoa, where the river empties into the sea, and not into a bay. Further-

more, the present submerged fringing reefs do not grow immediately

where the rivers send their fresh waters into the sea, but are interrupted

there by a barren area simulating a submarine channel, as is shown in

the accompanying illustrations of the harbors. This fact has an impor-

tant bearing upon the origin of the present circular harbors, and upon
the theories of alleged subsidence, both of which subjects are more fully

discussed in later pages.

Is is impossible to describe all the localities at which the soboruco was
observed.1 Sometimes, as along the Havana coast, it occupies a narrow

coastal strip extending from the point of one harbor to another. Again,

as on Moro peninsula, opposite Havana, it occurs only as a small patch

in a slight indentation in the old headland composed of folded Miocene

rocks. (Plate I. Fig. 2.)

At Tanamo and other places on the north coast the soboruco not only

1 See A. Agassiz, Bull. Mus. Comp. Zool., Vol. XXVI. No. 1, Plates XLIV-
XLVII.
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forms the border of the mainland, but constitutes many bordering islets

of great areal extent. Generally these are low, standing only a few feet

above the water. There is a vast elongated archipelago of these elevated

reefs bordering the coast all the way from a point east of Matanzas to

Nuevitas. I passed most of this region in the night, and I can say

little concerning it. At Nuevitas, in the harbor, there are three peculiar

islands, known as Los Ballantos, which have very great resemblance to

the Keys of the Bahamas, presenting a bold, rounded escarpment at the

north point, composed of yellow friable material that may have been

either coral sand or the yellow Miocene clays. It was impossible to get

ashore to these to examine them, although this was the only locality

seen by me where there was a suspicion of wind-blown formation. The

greatest areal development of the flat soboruco was found along the

outlet of this harbor.

Nowhere have I seen the elevated reef rock folded or otherwise dis-

turbed except by the gently coastward inclined elevation it has under-

gone. The interior margin I have never observed at a height of over

forty or fifty feet. In general, there is only one massive layer of this

old reef rock exposed, but at Matanzas there is undoubted evidence of

two older underlying reefs, the inner edges of which have been elevated

with the modern reef so that they do not form distinct terraces. It may
be that the apparently continuous reef around Cuba represents more

than one of these layers. Whether one or several alternations of reefs,

the soboruco as a whole certainly represents a recent and uniform ele-

vation of the whole periphery of the island at a very recent period of

geologic time, but sufficiently long ago to have permitted considerable

alteration and erosion. It is found from Cape San Antonio to Cape

Maysi on the north side of the island, and at many places on the south

side, especially near Santiago, as described by Kimball. 1

Cantera is a term used throughout Spanish countries for any stone

that is soft enough to be hewn or sawed with ordinary carpenter's tools,

as distinguished from a stone requiring mason's implements. Much of

the cantera in Cuba is composed of a soft molluscan or coralline lime-

stone, which has not the irregularity of composition and density and the

varying hardness of the older limestone, nor the unaltered coral structure

of the elevated coast reef. It is intermediate between the two, and may

represent a stage in alteration between them. It is finely cellular, or

porous, not usually saccharoidal, and is filled with small cavities some-

times lined with botryoidal lime coating.

1 American Journal of Science, December, 1884.
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Quarries, of cantera are found adjacent to most of the cities on the

north coast of the west half of the island. They occupy a slightly

higher altitude than the coast reef, and usually constitute the first

bench of the island above it at a lower level than the erosion planes in

the older limestones. (See Havana and Matanzas sections, Plate I. Fig.

1. 2, and Fig. 4. 1.)

I did not observe any break between the cantera and the older lime-

stone, owing to obscurement, except in the Matanzas section, where it

clearly appears that the cantera is mostly old reef rock which has no

topographic integrity, and which was unconformably deposited on the

older limestone after the latter had been considerably elevated. In other

words, it there represents the oldest of the recognizable fringing reefs.

At Havana, in the convict quarry, northwest and at the foot of the

Castillo Principe Plateau, which is made up of the older limestone, there

is a great cantera that seems more molluscan than coralline. The same

deposit is also worked in the banks of the Rio Armendaris, two or three

miles southwest. Topographically it here underlies an erosion level

intermediate in height between the level of the modern reef and that of

the Moro Plateau. 1 No cantera was observed east of Matanzas in the

ports of Segua, Gibara, Nuevitas, or Baracoa. It is not here proposed

to establish the cantera as a persistent geologic unit, for there may be

other cantera beds in the old limestone. The coralline cantera of Ma-

tanzas and the molluscan cantera of Havana are not found at an alti-

tude of more than one hundred feet, and they are always near the coast.

At the former locality the cantera is the oldest of the rocks of prob-

ably coralline origin, and at the latter it is intermediate in position

between the modern reef rock and the older limestone.

Throughout Spanish America the term " playa," meaning literally

a flat beach, lacustral, or shore deposit, is applied to alluvial flats or

mud plains composed of gravel, sand, and clay. In Cuba I found that

the term was generally used for an alluvial deposit sometimes lining the

inner margin of the circular harbors, as at Havana and Baracoa. These

are small in area, and are usually adjacent to the zone at which the

rivers come out of the highland into the harbors ; they represent delta

deposits that have undergone slight elevation coincident with that of the

modern elevated reef. Their origin is more fully discussed under the

head of Harbors.

1 Specimens of this cantera received from Havana since this report was written

somewhat confirm the impression that they represent a late Post-Pliocene deposit laid

down against the older Tertiaries, and prior to the elevation of the soboruco.

vol. xvi. — no. 15. 17
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Flat, marshy alluvial deposits (cienagas) occur iu many places, hut

mostly on the south coast. At Batabanos, opposite Havana, the coast

for a mile or more inland is composed of ancient alluvial material, ap-

parently similar to a calcareous mud now depositing and forming the

bottom of the adjacent sea for a mile out from land. These cienagas

and cienaga deposits are reported to have considerable extent at various

places, especially on the south coast. The elevated portion is synchronous

with the soboruco elevation on the north coast.

A striking peculiarity both of the older structures and the coast

deposits of Cuba is the scarcity — almost total absence— of arenaceous

or sandy deposits. Nowhere is found the fine quartz sand such as

accumulates around the northern littoral of the Gulf of Mexico, and the

presence of pieces of quartz gravel is very rare, even in the delta deposits.

This is owing to two reasons : (1) the formations of the island, both the

older metamorphic foundation and the limestones, possess very little free

quartz, and (2) the littoral sands or physical sediments of the peripheral

drainage of the Gulf, derived from the continental Americas, are not

transported as far as Cuba, as Professor A. Agassiz has already pointed

out. Even the building sand of Havana and other places is calcareous

beach debris.

Reefs. — No description of the geology of Cuba would be complete

which stopped at the ocean level, without allusion to the adjacent sub-

merged coral reefs that fringe its shores or lie a short distance away,

which, with the adjacent submarine topography, have been so ably

described by Mr. Agassiz. 1 So fully has he described these phenomena

that it is not necessary to discuss them further, except to call atten-

tion to the fact that there are often considerable depths between the

barrier reefs and the near-by land. This has important bearing upon

the topography of parts of the coast.

II. GEOLOGIC HISTORY RECORDED BY THE
TOPOGRAPHY.

General Topography. — Having reviewed the fundamental rock struc-

ture upon which the sculpture of the land is dependent, we can now pass

to a more intelligible discussion of the general topography and its evo-

lution. It is neither necessary nor possible to give a minute detailed

description of the geography of Cuba, but only so much as may relate

1 Bull. Mus. Comp. Zool., Vol. XXVI. No. 1, December, 1894.
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to the genesis of the island. Its shape and outline have been described

by various writers, notably Humboldt, Sagra, and Reclus, and I shall

touch upon only those details or generalities that will help to elucidate

its geologic history.

The outline of the island might be compared to that of a hammer-

headed shark, the head of which is the culminating range along the

straight Santiago coast, from which extends westward the longer, lower,

and more sinuous mass of the island, while the fins are represented by

pendant coral reef archipelagos. The Santiago coast is excessively

mountainous, and is supposed to be in some way genetically connected

with the mountain systems of the other Antilles. Concerning the com-

position, age, and topography of these ranges, we know little except

what has been told by other writers, to the effect that they extend

aproximately in an east and west direction, towering far above the

levels of the remaining portion of the island, and occupy a very narrow

strip close to the ocean's margin. Extending away to the north and

west from this nucleal elevation is the main body of Cuba, which is

primarily a great limestone plateau intensely eroded and terraced, with-

out any well defined axis of higher elevation except as indicated by the

headwater drainage that diverges from it and flows into the opposing

seas, the latter feature corresponding to the longitudinal axis of the

island. The highest elevations do not occur in a continuous ridge, but

are irregularly dispersed, as if they were remnants of a dissected elevated

plateau, diversified by plains and irregular chains of hills, often nearer

the margin than the centre, and seldom over two thousand feet in

altitude.

The topographic forms belong to two categories, those of the inland

and those of the coast. The former depend upon uplift and erosion, and

are mostly the product of superficial agencies. The coastal features,

on the other hand, are the product not only of uplift, but are largely

influenced by the sea, — its life, its sediments, and its surf erosion.

The latter are of little areal extent, especially on the north side, where

they form the merest fringe around the island. The uplands extend

close to the coast, where they are terminated by abruptly terraced

cliffs, or series of successively lower levels.

The Inland Topography. — This includes the whole surface of the

island except the narrow coastal plains and elevated reef, and is pecu-

liarly and strikingly different from any topography to which we are

accustomed in the United States. Under the influence of excessive

humidity, the solvent limestone material of which it is mostly composed
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has assumed the aspect of an ancient and much carved land surface,

while the geology, on the other hand, tells us that it is comparatively

new. The peculiar surface configuration of the islaud is solely due to

the decay and erosion of these older limestones. Where they predomi-

nate, the interior country remote from the somewhat abrupt coast is

marked by extensive fiats or Llanuras, upon which rest, without any

apparent systematic arrangement, short ranges of abrupt hills -or knobs.

Both the plains and the mountains are composed of the same old

limestone. (Plate III.)

Although the rocks dip at various angles in gentle waves or folds, and

in some cases with numerous short anticlines, it was impossible to make

out any system of disturbance which influenced the minor topography.

This sub-arrangement of the underlying limestone structure does not

influence the present surface topography, as the strata are of insuffi-

cient induration to create topographic irregularities.

The limestones decay so rapidly at the surface that they can seldom

be seen in a freshly exposed condition except in railway cuts and quar-

ries. Everywhere they disintegrate into a rich red residual soil, some-

times of great depth, which contains a large percentage of iron derived

from the limestone. This sub-aerial decay is beautifully shown in the

cuts of the Havana and Matanzas railway near the latter city, an illus-

tration of which is shown on Plate I. Fig. 7. This iron has great

economic value in the vicinity of Santiago de Cuba, under the conditions

shown by Kimball. The limestone is also melting away by deep un-

derground solution, and is very cavernous. This decay, proceeding

irregularly, being much greater in some spots than in others, produces

large sinks, as in the limestone regions of Kentucky, only of a vastly

greater area. Thus it is evident that the deep, sloping indentations

are produced not solely by surface corrosion, but partly by underground

decay, the streams carrying away the lime in solution, rather than as

physical debris. A most remarkable illustration of the effect of solution

upon the topography is the valley of the Yumuri de Matanzas, a plan of

which is shown on Plate II. Fig. 9.

When this rapid disintegration and degradation of the old limestone

is considered, it is evident that the ancient limestone summit of the

island must necessarily have been greatly lowered in outline. In other

words, the present highest levels of the limestones do not represent the

altitudes which they formerly attained, but are merely planed off rem-

nants. It is impossible to determine how great a portion of the top of

Cuba has been thus removed, except so far as to say that, judging from
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the present rate of denudation, it must have been a large amount, for in

places it has laid bare the old metamorphic floor. Wherever I have seen

the latter, it unmistakably shows that it was once covered by the lime-

stone. This is well shown in the accompanying section across the island,

through Havana, where the older foundation rocks always appear in the

valleys of erosion beneath the escarpments of stratification formed by

the adjacent limestones, the latter being so tilted around their periphery

that, clearly, they once extended over them, as at Villa Clara. It is

easy to conceive that, if erosion proceeds in the future as in the past,

without further elevation of fringing coast deposits, the island will ulti-

mately be planed down to its original core of serpentine and allied rocks,

without material alteration of its coastal outline.

The most ancient part of the longitudinal limestone arch, as back of

Havana, has been removed down to the older metamorphic rocks, and

a strip of the older limestone formations running parallel to the coast

remains between this valley and the sea. (See Plate I. Figs. 1 and 2.)

This, in turn, by a cross erosion of the streams, is serrated into frag-

mental remnants of the limestone, like the Moro and Castillo Principe

Plateaus at Havana. The Pan de Matanzas, near Matanzas, and the

peculiar mountains of Moa and Yunque, near Baracoa, are remnants of

older and higher levels which have been preserved in this manner. In

fact, the erosion has been so great that the limestone is almost removed,

except where preserved in isolated mountain buttes like the Sierra Yun-

que and the Pan de Matanzas, and headwater erosion is constantly de-

stroying the remnants of the original limestone plain by deepening the

cols down to the metamorphic floor. Granting that the older limestones

once extended over most of the island in the contour of a low dome,

and that this arch has undergone several periods of intermittent eleva-

tion with corresponding intervals of rest, accompanied by base levelling,

the topography can be more easily explained.

Where the limestone is the prevalent formation, as in the sugar

country of central Cuba, the surface is marked by extensive level tracts,

covered with the deep residual tierra colorada, one of which plains is

well shown in the accompanying photograph. (Plate VI.) The continu-

ity of these plains is broken by abrupt hills, either single or in groups,

some of which seem to have no persistent axis of direction, and are clearly

remnants of the higher level below which the land has been degraded.

The plains show very little slope to the eye, and project abruptly to the

foot of these limestone hills. They vary in size from many square miles

to a few acres. Even the small plains, when entirely encircled by
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mountains, are very flat, and abruptly terminate against short lines of

hills, and there is no reason to doubt that they and the limestone hills

are the product of the unequal resistance of the different limestones

above described, the mountains representing the remnants below which

the plains developed on another harder plane. (Plate V.)

The eminences of Cuba called mountains, with the exception of the

Sierra Maestra and kindred ranges of the Santiago coast, can now be

easily classified. (Plate I. Fig. 8.) They are all either (1) the direct

remnants of the old limestone covering carved out by circumscribing

erosion, or (2) inequalities of the ancient metamorphic floor from which

the limestone has been denuded.

The mountains of the former kind may be placed in two general

classes, according to their altitude and degree of erosion. First are the

high limestone peaks, mesas, and ridges, having an altitude of from one

thousand to two thousand feet. The Sierra Yunque of Baracoa, the Pan

de Matanzas, and the Tetas de Managua, are examples of isolated peaks,

stauding close to the north shore of the island. Each of these is

surrounded by deep drainage valleys cut almost down to sea level.

They are many miles away from any masses of land of similar altitude,

and form conspicuous landmarks along the coast. Their summits are of

the sub-horizontal strata of old limestone, while the base of at least one,

the Siei'ra Yunque, consists of the older metamorphic rocks. The high

ridges, like the Sierra San Juan, and the high summits of the central

portion of the island, are remnants of the same old level, and differ from

the more isolated peaks in having been less dissected. Not owing their

outline to any structural folding, but being entirely the product of the

drainage, these have no regularity of arrangement or trend, but are

found in irregular patches throughout the island.

The Spanish language, to which our geographic nomenclature is

already so much indebted, has provided an appropriate name for moun-

tains of this class, which have lower altitudes, ranging from four hun-

dred to seven hundred feet. These are the cuchillas, or knives, so called

because of the numerous sharp salients marking their slopes, caused by

the deep incision of the old plain or general level of which they are the

fast fading remnant. These are the hills forming the sharp background

to the coasts, especially at the east end of the island. The cuchillas are

generally composed of the old limestone, which dips at many angles and

degrees, but sometimes they consist of a complex of limestones, yellow

beds, radiolarian beds, and the old metamorphic floor. At the Yumuri

River of the east and around Cape Maysi they consist of a more massive
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and unbroken wall of the old limestone, but as we go westward they

become more dissected, as in the line of high hills along the coast, and

in the background against which the little harbors are cut out as far

west as Xue vitas. Still farther westward the contour recedes slightly

inland. On the south or Santiago coast, the same level of the cuchillas

summits is preserved in diorite and syenite.

In addition to the limestone mountains of erosion described, there are

many low hills in the central part of the island adjacent to Villa Clara

(Plate IV.) and Puerto Principe which are clearly structural remnants

of the older metamorphic floor, from which the folded limestones have

been eroded, the latter being often preserved on top of the higher ele-

vations, or sharply inclined around their edges. The series of sharply

rounded hills between Havana and Matanzas is also the result of the

wearing away of the limestone covering down to a floor of tuffs and ser-

pentines, which, owing to its softer nature, is more deeply and sharply

sculptured than the limestone regions proper.

Concerning the geology of the Sierra Maestra of Santiago, Kimball

says that the old limestones preserved on their slopes show that at

least twenty-three hundred feet of their elevation are Post-Tertiary, and

there is no recorded evidence of any Post-Tertiary eruptives or flows.

I incline to believe that these ranges belong in the same class with those

of the Villa Clara type. Although the close of the Tertiary was marked

by much folding, recognizable mountains simulating Post-Tertiary struc-

tural folds, or evidences of Post-Tertiary extensive volcanic action, are

certainly rare, if they exist at all. The present irregularities are all

the result of erosion. I made every possible reconnoissance over the

island to study the upland topography, and I think my conclusions are

founded on abundant evidence, proving beyond doubt that the higher

limestone elevations are solely the remnant of the former area of the

older limestone mass. For instance, the sharp lines of limestone sum-

mits on the high divide of the island between Havana and Batabano are

clearly the old scarps of the Armendaris drainage cut out of a former

plateau. The mountains on the road from Havana to Villa Clara and

back of Matanzas are either of similar character, or are the perimeters

(knobs) of vast basins, like the sink-holes of other limestone regions,

only much larger, owing to the more solvent nature of the substructure.

The isolated mountains of high elevation along the north coast, like

the Pan de Matanzas and the Yunque, are fragments of the older areal

summits, which have been separated by circumscribing erosion from

the main body of the upland, and stand as solitary remnants of the
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ancient and older plateaus, which, when their limestone cap is finally

removed down to the metamorphic base, will assume the Villa Clara

type.

The drainage system of Cuba is extensive. In general the streams

flow from the central axis toward the opposite coasts, and are of the type

which modern geographers would term simple consequent or autogenous

streams. They have light-colored blue water like that of the. limestone

springs of Florida and Texas, and in many cases obtain their supply

from the underground waters of the limestone region. Where seen

throughout the interior upland plateaus of Cuba they are small in

volume, and flow in slightly indented channels in wide valleys, and are

remarkably free from the incisions of lateral drainage. A typical stream-

way is shown on Plate IX. They do not possess deep barrancas or

canons until they begin to cut across the edge of the Cuchilla plateaus

near the coast. In many cases these rivers are intermittent, disappear-

ing into and reappearing from the cavernous limestones. As they ap-

proach the escarpments of the coastal platforms, they reach the sea either

by sinking into the limestone, by tumbling cascades, or by cutting deep

vertical canons. They are all slightly tidal at their mouths, the salt

water extending at high tide a short distance up them, but never reach-

ing far inland of the soboruco. Most of them bring down to the coast

the metamorphic and igneous rock of the old nucleal foundation, but in

no case have I observed limestone fragments, although the rivers must

degrade and transport in solution far more lime than any other material.

The vertical canons in some cases, like that of the Yumuri of the east,

extend to the sea, and testify to the rapid rising of the land, confirming

the story of the cliffs and base levels as will be described later. (See

Plate I. Fig. 6.)

Perhaps the most important factor in the evolution of the topographic

conditions of Cuba is the superficial and underground destruction and

alteration of the limestones by solution, heretofore mentioned. Owing

to the porosity of the limestone rocks, the drainage of Cuba is largely

underground in the limestone regions, and flowing surface streams and

lateral drainage channels, such as the dendritic headwater ramifications

so common elsewhere, are notably scarce in the higher region inland

from the coast, and the upland limestone region seems to be dissolving,

rather than oorrading, into a sink-hole topography of vast proportions.

The Coastal Topography. — None of the topographic features of Cuba

are so peculiar as the innumerable subch'cular harbors 1 which indent its

1 See Agassiz, Bull. Mus. Comp. Zoul., Vol. XXVI. No. 1, Plates XIII., XIV.
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northern coast, examples of which are common on all the pilot charts.

Most of these are constructed upon the same fundamental type, consist-

ing of a subcircular or reniform bay outletting through a narrow neck

or strait into the sea. Into the back of the bay usually flow one or

more of the small rivers of the country. Generally the landward side

of these harbors is or has been the elevated, broken Cuchilla highland,

while the points of the narrow necks enclosing the outlets to the sea

are sub-level plains composed at the sea margin of soboruco or recent

elevated reef rock.

On the landward side of some harbors at the foot of the cuchillas,

those of Havana and Baracoa, for instance, there is sometimes a playa,

or alluvial plain of small area, composed of ancient sediments of the

river, which has participated in the general elevation of the coast.

The accompanying plate (Plate II.) enables us to discuss more intelli-

gently these phenomena, and their bearing upon the elevation of the

island.

There are two possible hypotheses concerning the origin of these

harbors. The first is that of subsidence and superimposition, as set

forth by Crosby, 1 given more fully in the portion of this paper treating

of evidences of subsidence. This implies that the elevated reef rock

once extended across the area now occupied by the neck or outlets, and

at a former epoch of elevation was eroded through by the rivers, and

that by subsequent subsidence the waters of the sea encroached upon

the land through the channel thus worn, producing an estuary. A
second hypothesis is that they are the result of the growth of fringe and

barrier coral reefs adjacent to or opposite the mouths of rivers, which

were subsequently elevated and unequally eroded. In my opinion, the

harbors were evolved from the simple type of rivers now emptying

directly into a fringed reefed sea, like that of the Rio Yumuri of Baracoa

and the Limones. (Plate II. Figs. 1 and 2.) The rivers all originally

emptied directly into the sea, as do the Yumuri and the Limones of

to-day, and the coast line was the precipitous bluff of the Cuchilla high-

land, now forming the background of these harbors, in front of which

was a basal shelving beach. Delta material was discharged off their

mouths into a deeper area between the shore and an outlying barrier

reef, as now seen in the harbor of Jaragua, or into reefless submarine

areas produced in the following manner. The entrance of the fresh

water into the sea prevented the growth of reefs immediately opposite

the mouth of the river as far out as the freshening influence of the

1 Op. cit.
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river water was felt, which includes the delta region of coarser gravel

deposit. But it can readily be seen that certain physical sediments,

like fine gravel, will receive enough impulse from current and surf to he

carried into the margins of the salt water, so that unusually opportune

conditions are created for coral growth immediately where the water be-

comes sufficiently salt and food abundant. Thus it is that fringe reefs

do not usually form immediately at the mouth of rivers, bu-t leave non-

coralline gaps in the reef simulating an extended submarine channel of

the river. This is clearly shown in the chart of Limones (Plate II. Figs.

1 and 2), and other rivers, where the present submerged fringe reefs

make a projected channel into the sea.

It is the rule, whether the land is subsiding, rising, or stationary, that

the sea always indents the mouths of rivers after they have once reached

its level, and tends to wear away the angular points bordering its mouth.

This weariug is produced by the diurnal change of tidal level, and the

resulting constant corrasion, however small, of the bottoms, whether by

fresh or tidal current ; so the level of the sea, even in a delta-making

stream of perceptible age, will constantly encroach inland and cause

small estuarine deposits in the indented mouth at high tide, to be

moved outward with the ebb. Thus it is that the steep rivers of Cuba,

which are all very old and permanent, have slightly indented base level

with deposits of gravel extending inward coincident with the fluctuation

of the tide.

The playa deposits found along the interior border of the harbors of

Havana and Baracoa represent the coarser gravel and silt thus formerly

given up by the rivers upon reaching tide level, before the latest eleva-

tion. In the present Yurnuri of the east the flood tide extends a mile

or less up the river. At the time of the general elevation of the coast

reef, the older delta deposits similarly formed were elevated correspond-

ingly, and are now found surmounting the lowest terrace.

Such an elevation as has taken place, and has produced the elevated

coast reef, would raise the present growing reefs above the water, so that

they would form indurated points at each side of the river's mouth, and

if there were a barrier reef its elevation would convert the old inside

deep into a land-locked harbor, while the old indented gravel would

form playas at the back of the harbor. Probably this is what has taken

place. Furthermore, the sides of the narrow necks and sea fronts of the

harbors are composed of a harder and more durable stratum of reef rock

than the country back of them. The beach-like sides of the harbor

within the reef-like points are subsequently widened by undermining, as
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now seen at Baracoa, where the surf line, which enters the narrow bay

with gathered force, breaks against the unconsolidated miocene yellow

deposit constituting the sides of the harbor back of the elevated reef,

and huge blocks of the latter constantly topple over into the bay.

There is general remark throughout Cuba that the harbors are becom-

ing shallower. Captain Mclutyre, a trustworthy mariner, who has been

trading at Baracoa for over forty years, assured me that within his

memory the anchorage area has steadily decreased, and that ships which

formerly discharged their cargoes at a pier, are now dependent upon

lighters. While it is very probable that the silt from the rivers is a

partial cause of this, it may be probable that steady elevation now going

on, as it has certainly gone on in very recent time, may be productive of

the shallowing.

The ovoid harbors thus developed from the simple type of river

emptying directly into the sea and undermining the contiguous reefs

attain a third stage (Plate II. Figs. 7 and 4) in which the regular margins

become denticulated and irregularly indented by ei'osion, as seen in the

harbors of Havana and Escondido. In the harbor of Havana the ex-

cessive irregularity of the interior margin is increased by the fact that

the limestone background has been cut through down to the tuffs,

serpentines, and clays underlying it, which degrade into more irregular

topography than that of the limestones.

Terraces and Benches.

The most striking feature in the topography of Cuba consists of the

well defined terraces and benches which mark its coasts in many places.

These are often so distinct, especially at the east end of the island, that

their continuity is traceable for many miles, as they rise abruptly from

the water's level, one above the other, in a series of cliffs. On the west

end of the island they are not so distinctly visible from any single point

of view, for the flat benches are much wider, but they are nevertheless

traceable. In other places denudation has destroyed them.

Besides these benches and terraces, whose integrity is distinctly pre-

served, remnants of older and more denuded levels can be traced, and

for convenience they may be classified as follows :
—

4. The Sobovuco, or elevated reef level.
J

3. Elevated beach and cliff lines and > 1. Later (Lower) levels.

the Havana base levels. '

2. The Cuchilla level. ) n,
, -

, v
. ,

, rr,, , r , i
> 2. Older (Higher) levels.

1. The Yunque level. )
i b #
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The Soboruco, or Elevated Reef Level.— The general extent and topo-

graphic character of the soboruco is explained on a previous page. It

forms the lowest bench immediately adjacent to the entire north coast

and along the Santiago front, and is topographically and geologically an

elevated coral reef. Synchronous with this level are the elevated playa

deposits in the harbors, and the elevated cienaga or mud deposit on the

south side of the island at Batabano.

The Beach and Cliff Terraces.— On the east end of the island, the north

coast is marked by three distinct and abrupt cliffs and terraces cut out

of the steep slope of the old six-hundred-foot plain, or the Cuchilla level,

which forms the highland. Between Cape Maysi and Baracoa the coast

is practically inaccessible. The three terraces seen in this region are so

clear and distinct that they are readily visible at one view, and their

continuity is clearly traceable for miles. They can be best understood

from the accompanying figure (Plate I. Fig. 6), and a description of the

coast adjacent to the mouth of the Yumuri of the east. Here the river

empties directly into the sea through a precipitous canon affording a

fine cross-section of the benches, so that their architecture and origin

can be seen. The coastal scarp consists of three narrow sub-level

benches, each surmounted by a vertical cliif. Bench No. 1 is the first

sub-level strip above the sea. This in general represents the level of

the elevated reef, which nearly everywhere forms the low-lying coastal

plain and breaks off at the sea in a surf wall some ten feet in length.

Its interior margin against the base of the first great cliff is forty feet

high, and it nowhere exceeds one hundred yards in width. Imme-

diately off the mouth of the Yumuri Biver, however, a gravel delta fan

spreads out in brackish water, a hundred yards or so on each side.

The present submerged fringe reef does not grow immediately where

this delta fan is being deposited across the river mouth, but appears on

each side. If the present bottom, constituted as above, should be ele-

vated forty feet, it would produce a beach exactly similar to the elevated

one now seen ; that is, it would be composed of alluvial gravel imme-

diately where the river once emptied, and of coral limestone a hundred

yards or more on each side of it.

This lowest terrace (No. 1), which is usually formed of elevated reef

rock, is composed of alluvial gravel immediately off the cut of the river,

and of elevated reef rock a quarter of a mile away seaward. This lowest

bench consists of several small levels, the uppermost of which is the

specially well denned alluvial gravel plain.

This old beach abuts against a cliff (No. 2) about one hundred and
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twenty feet high (one hundred and seventy feet above the sea) worn out

of the lower part of the old white limestone. Its sides are vertical in

most places; and inaccessible. This cliff is in turn surmounted by another

bench (No. 2), which was likewise formerly an old beach level, from

which any remnant of the deposit that may have once existed has been

eroded. It is covered by a dense growth of vegetation. The river

canon which cuts across these cliffs and benches shows that they are

not elevated built-up coral reefs, but are clearly cut sea terraces in the

old limestone. The second bench is about a hundred feet in width, and

abuts agaiust a second vertical cliff, the summit of which is nearly as

high as that of the first one, or about three hundred and fifty feet above

the sea. The level bench (No. 3) mounting this cliff is similar in appear-

ance to No. 2.

This last bench in turn abuts against a third and uppermost escarp-

ment of the highland, which terminates at a height of from five hundred

to six hundred feet iu the irregular upland plain forming the fourth

level above the sea.

The Cuchilla Level. — This fourth level is the general upland plain as

it appears from the sea, and represents the old land from which was

carved the group of cliffs above described. This highest escarpment

forms a comparatively unbroken plateau at the eastern end of the

island, overlooking the sea, but westward the increasing drainage cuts

it more and more into numerous serrated hills known as the Cuchillas,

or " Knives," whose summits have a general culmination of from five

hundred to six hundred feet, and are clearly remnants of the Yumuri

Plateau. These Cuchillas form a very conspicuous coast feature from

Nuevitas to the east end of the island.

The Yunqve, or Higher Level. — A single glance at the peculiar iso-

lated mountain known as the Yunque, or Anvil, situated six miles west

of Baracoa, is sufficient to show that its sub-level summit is the remnant

of an ancient higher level than that represented by the Cuchillas. 1 This

is a magnificent butte, whose summit is put upon the pilot chart at

eighteen hundred feet, and so estimated by Crosby. 2 The summit is an

ovoid mesa, which is apparently level, but which really shows deeply

carved drainage ways and ancient topography indicating long exposure.

The upper portion is composed of a mass of the older tertiary rocks one

thousand feet in thickness, whose perimeter is an almost inaccessible

cliff. This rests upon a base composed of the metamoi'phic rocks of the

1 A. Agassiz, Bull. Mus. Comp. Zo51., Vol. XXVI. No. 1, Plate XLI.
2 Op. at.
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old Pre-Tertiary nucleus. From this summit oue can look down upon
the Cuchillas, the Yumuri terraces, the elevated reefs, and the wide

expanse of the ocean ; and inland toward a country showing its own
level, overreached by still higher mountains of the Sierra Maestra to the

south. On every side the drainage has cut deep below this peculiar

mountain, carving the low-lying country into an intaglio of serrated

hills.

No one can view this summit without being impressed with the won-

derful story it tells of the great erosion that has taken place around it,

as well as the fact that the difference in elevation between its plateau

and that of the lower-lying Cuchilla level represents a vast hiatus in the

history of the island's elevation, — a long period during which laud

stripping and degradation ensued, reducing the surrounding areas to

the old Cuchilla erosion level. The relation of this peculiar remnant

to similar phenomena in other parts of the island will be discussed later.

The accompanying illustration (Plate I. Fig. 5) of the harbor of Baracoa

gives a clear presentation of the various levels seen in the east end

of the island. Let us now examine the kindred phenomena in other

localities.

The Havana Levels. — The western half of the island also presents an

interesting series of topographic surfaces that, for convenience, we will

denominate the Havana levels, which, although varying in expression,

have genetic relations to the cliff phenomena of the eastern end of the

island. In the Havana region the wider area of the terraces makes

the cliffs less conspicuous than in the east. The highest of the dis-

tinctly preserved levels coming under my observation is the one that

encloses the harbor of Havana as seen on the summit of the Moro penin-

sula to the east (Plate I. Fig. 2), and its continuation west of the city,

known as the Castillo Principe Plateau. These have an average altitude

of fifty meters (or one hundred and sixty-five feet) as determined by Mr.

Gould, who has made a contour survey of the region. From the still

higher eminences back of Havana, or from nearly any point of view, the

contour of this plateau can be easily recognized, and it clearly represents

an old level of erosion, — either a very wide beach level, or a base level

of erosion. The Castillo Principe peninsula, which represents a portion

of the Moro Plateau, is a narrow flat divide of the land extending north

and south, lying between Rio Armendaris and Havana Bay. Its struc-

ture consists of the gently disturbed older limestone series surrounded

by lower beds of cantera and soboruco, constituting the lower levels

upon which the main portion of the city of Havana and the suburb of



MUSEUM OF COMPARATIVE ZOOLOGY. 271

Carmelo are built. It terminates inland in a limestone escarpment

of erosion, which has worn down to the underlying floor of igneous

tuffs.

There can be no doubt that this peninsula was once an eastward con-

tinuation across Havana Bay of the plateau west of the Eio Armendaris

and the Moro Plateau, and that it has been disconnected from them by

the streams which flow in the intervening valleys. The plateau in

which Moro Castle is situated is similar in surface and structural features

to that of the Castillo Principe, and likewise terminated inland in the

hilly region north of Begla by an escarpment of stratification which

destroys the possibility of tracing its former extent inland. In area it

represents an elongated east and west narrow platform forming a vertical

coast line as far as Guanos Point, and extending toward Matanzas, where

I think its level is represented by some of the terraces in that vicinity,

and projecting, in places, as at Moro Point, fully to the ocean's edge.

This general level of the Moro Plateau is not an elevated coral reef, but

is an ancient level of erosion representing a period in the history of the

island when the area it now occupies was approximately near sea level,

and which has been subsequently elevated. Its surface in no manner
represents a deposition plain or the surface of an old reef growth, but is

produced solely by base-levelling erosion, and this in spite of the irregu-

lar sinuosities seen in its substructure, the old tertiary limestone.

The Cantera Elevation.— Around the base of the Castillo Principe

Plateau may be traced the remnants of another level, approximately

twenty-five meters (eighty-five feet) in height, which, for convenience,

I will term the Cantera level. This, too, represents another and later

epoch of levelling, and has likewise been greatly destroyed by later

erosion. Below it, and adjacent to the sea, is the soboruco, or elevated

reef level.

Older Levels. — Back of Havana there is a line of still higher, greatly

eroded hills, which overlook these levels, and have an altitude of about

five hundred feet, merging southward into a plateau constituting the

divide between the north and south shores of the island. This lime-

stone plateau gently slopes away to the south coast, and undoubtedly

once covered the hilly area back of Havana. The highest point on the

railway, which goes through a saddle, is 101 meters (332 feet), the

country rising to about two hundred feet above this.

The Matanzas Levels. — Matanzas Bay differs from the general type of

the sac-like harbors of the north coast only in that it is rhomboidal

in form, and seems more deeply cut into the high background which sur-
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rounds it. The topography and geology of this locality alone is so inter,

esting and complicated that it would require a lengthy paper to describe

it, and it cau best be explained in brief by reference to the accompanying

topographic sketch and section. (Plate I. Fig. 4, Plate II. Fig. 9.)

Two diminutive rivers flow into the harbor, the Yumuri of Matanzas

and the San Juan, both emerging suddenly from the highland. The

highland or sky line surrounding the harbor on the two sides is about

one hundred meters (three hundred aud fifty feet) in altitude, as deter-

mined by aneroid at Mount Serat, and constitutes a flat-topped mesa or

plateau north of the Yumuri, aud a poorly defined bench against a still

higher hilly region south and east of that river. Out of this plainly

marked level are carved the sloping and narrow lowlands immediately

surrounding the harbor, upon which the city is built. Between the

level of the city and the highlands the narrow remnants of a few ter-

races or pausation planes are faintly traceable. One of these is about

one hundred and fifty feet above the sea, and the other, upon which is

located the railway station back of the city, and which constitutes the

bench back of the Versailles church north of the Yumuri River, is about

fifty feet.

The Yumuri enters the harbor valley through a deep precipitous

canon cut athwart the high level above desci'ibed. Viewed from the

city, this canon appears to be a chasm in a mountainous background. 1

Upon ascending it for half a mile it is seen to open out into a wide and

beautiful amphitheatre, some four leagues in circumference, bordered by

steeply sloping walls, and with a wide sub-level bottom. The bottom

of this valley is only a little above sea level, and if submerged a few

feet would become a circular harbor from the inflow of the sea.

Upon climbing to the summit of the canon to the Church of the

Hermit, upon the high level, a grand view of this peculiar amphitheatre

is seen. It is clearly carved out of a vast sub-level plateau having the

general altitude of the Mount Serat eminences, whose remnants consti-

tute the plateau lying between the Yumuri Puver and the sea on the

west side of the harbor to the north and east of the amphitheatre.

Traces of this plateau 2 also surround the south margin of the amphi-

theatre, forming a bench from which rises a line of higher hills, more

serrated,— the same which are crossed and seen between Havana and

Matanzas, and which do not exceed six hundred feet in altitude. This

remarkable valley and the more remarkable canon which connects it

i See A. Agassiz, Bull. Mus. Comp. Zool., Vol. XXVI. No. 1, Plate XLII.

2 Ibid., Plate XLIII.
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with the sea are subjects concerning which I am at a loss to offer

explanation.

The geologic section (Plate I. Fig. 4) of the canon shows that there

are at least three alternations of old reefs and thin gravel beds, which in

turn rest upon a great thickness, not less than eight hundred feet, of

the older Tertiary limestones, out of which the amphitheatre proper is

carved. The beds are all tilted to an angle of fifteen degrees, but the

highest elevation of the undoubted coral laid down against the old

limestone is less than one hundred feet.

That this amphitheatre was once an indented harbor and the Yumuri

River canon its outlet, is a hypothesis which may he suggested. The

denuded floor shows no trace of evidence that would convey this impres-

sion, but around the walls of the amphitheatre are traces of terraces

corresponding in height to the hundred-and-fifty-foot bench outside

the harbor, and these may represent the former floor of the amphi-

theatre when at sea level. If they do, then the Versailles, or highest

elevated reef rocks, were formed off the point of an old outlet through

the Yumuri. In the canon itself, however, there is no distinct evidence

of planation terraces, such as would indicate pausation periods followed

by renewed epochs of cuttiug, although just out of it on the west side of

the harbor, back of Versailles church, old river gravels are preserved

about twenty feet above sea level.

Between Havana and Matanzas the interior is a very broken country.

The railway runs back of the interior of the escarpment of the old coast

limestones, and sub-parallel to them, for thirty-six kilometers from

Havana, upon a floor of underlying metamorphics, constituting a very

hilly country. At thirty-seven kilometers the railway again cuts the

bottom of the limestone at an altitude of two hundred feet, entering a

level limestone plain at Aguacate, separated by a deep eroded valley

from a rauge of limestone hills two kilometers to the north. At sixty-

two kilometers the road cuts through this range of tertiary limestone

hills, which have an altitude of six hundred feet. At Serba Mocha the

peculiar limestone hills known as the Pan de Matanzas are seen to the

north across an eroded valley. These summits are to the western half

of the island what the Yunque is to the eastern, — remarkable isolated

remnants of the nearly destroyed older levels which once surmounted

the island. The Pan de Matanzas is alleged to be twelve hundred feet

high. It consists of a double eminence, the intervening valley present-

ing precipitous walls. The summits are of limestone, and are clearly

remnants of the old limestone mass of the interior, from which they have
vol. xvi. — no. 15. 18
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been disconnected by erosion, while the intervening valleys are cut down

to the metamorphic floor. The Tetas de Managua are of similar nature

and origin.

The Santiago Levels.— Mr. James P. Kimball has published a paper

entitled " Geological Eelations and Genesis of the Specular Iron Ores of

Santiago de Cuba," x which gives valuable details coucerning the occur-

rences of terraces on the south coast of the east end of the island in the

vicinity of Santiago and Guantanamo. Concerning these he speaks as

follows :
—

" The immediate coast presents a remarkable development of coral rock, or

coral limestone, in three terraces, of which the upper is about 350 feet above

the sea. The second terrace is at an altitude of about 175 feet, and the present

shore, a plateau of comparatively recent elevation, about fourteen feet above

tide. These terraces mark successive elevations of the Sierra Maestra range.

These stages of elevation were in direct, but probably remote, succession with

other elevations which I shall show to be indicated by traces of more ancient

corallines (coral formations) about two miles still farther back from the present

coast.

" The last terrace, or that of the present shore, falls away vertically into deep

water soundings, at the mouth of the Carpintero, 150 feet off shore, giving a

depth of 165 feet. It retains to a remarkable degree the structure of solid reef,

studded with distinct forms of coral, and is strewn with fragments of coral

rounded by the waves, but in good preservation, and numbering a large vari-

ety of species."

He also shows that traces of the old limestones are found in the high

flanks of the Sierra Maestra. Of these he says :
—

"The several terraces of recent coralline mark, as already indicated, succes-

sive and in chronological order the later uplifts of the Sierra, in vertical range

not less than five hundred feet. These, together with the series .of corallines

of the second line of foot-hills, as recognized by the bodies of hematite and

marble, are proofs of a sum of uplifts of not less than thirteen hundred feet.

Obscure traces upon the first range of foot-hills of still more ancient corallines,

to which I shall again refer, point to a still more remote succession of uplifts

whose vertical range— referred to the latest indicated level of coral formations,

some one hundred feet below the present shore— may be estimated at about

twenty-three hundred feet. From the syenite hills may have disappeared by

subaerial erosion intervening corallines, between those of the present coast and

the line of ancient and now metamorphosed corallines traced along the contact

or southern margin of the diorite mantle."

1 American Journal of Science, December, 1884.
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Comparison and Correlation of Various Levels.

Let us now compare the various data presented concerning the coast

and inland topography at the various localities mentioned, and inquire

into their relation to each other. Figure 8 of Plate I. will aid in under-

standing the presentation to follow.

That the soboruco or elevated reef represents the same general level

around the north and south coasts of Cuba is indisputable, and can be

interpreted in no other way than that there has been in recent time a

uniform elevation throughout the nine hundred miles represented in the

length of the island. It is the same formation topographically and geo-

logically, wherever seen, and establishes the fact that the elevation of

the island, at least during one epoch, was general, and not local or spas-

modic. If such a uniform movement has beyond doubt taken place at

a modern epoch, it establishes the principle that similar elevations were

not impossible in the past.

The levels represented in the three terraces of the Yumuri of the east

have remarkable identity with the levels of the west end of the island,

as at Havana and Matauzas, where my detailed studies were made. The

only difference is, that the latter are wider than the former, owing to

the lower and more rounded character of the country out of which they

were cut. The correspondence in altitude is such that no one can doubt

that they represent synchronous and identical regional movements and

pausations, and that they were once continuous throughout the length

of the north coasts of the island, and around Cape Maysi to the Santiago

coast.

The Cuchilla, or dissected peneplain of the east, presents a remarkable

analogy to the higher dissected summits back of Matanzas, constituting

the upland divide of the west end of the island in the latitude of Havana.

Here the old levels represented by these summits are less distinct than

in the east, probably owing to the fact that this end of the island had

not previously been so highly elevated as the east.

The oldest and highest limestone summits, approximating from fifteen

hundred to two thousand feet, as typified in Yunque, the Sierra del

Moa, the Pan de Matanzas, the table land of Mariel, and the Managua

Paps of the west half of the island which follow near the north coast, the

highest limestone at Santiago and other places, represent the remnant

of the oldest and highest level or levels, which have been so completely

dissected and planed down that their extent can only be estimated.
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These elevations may be only the remnants of an aboriginal uneven

surface, but collectively they generally represent a higher land than

existed before the Cuchilla plains were developed. "Whether the high

summits of the Sierra Maestra adjacent to the Santiago coast contain or

preserve traces of still older levels is an interesting problem for the future.

These phouomena may now be grouped into three distinct age cate-

gories, one of which is still further divisible into many subdivisions.

These are (1) the modern or well preserved tripartite group of lower

lying levels, cliffs, or terraces, including the modern soboruco, the highest

level of which approximates three hundred feet
; (2) the dissected and

greatly denuded remuants of the old Cuchilla level, five hundred to seven

hundred feet above the sea, the remnant of an old general height whose

integrity is almost destroyed, and which is less easily traceable than the

first
; (3) remnants of the almost destroyed more ancient upland, as

preserved in the isolated buttes of the Yunque and Pan de Matanzas

type and the higher limestones of Santiago and Cienfuegos, which

demonstrate that there was once an old surface at least two thousand

feet above the modern sea level.

The obvious history of these levels is as follows :
—

(1) In a period near the close of the Tertiary, to be ascertained, long

previous to the emergence of the present elevated reef and cantera and

the erosion of the Cuchilla plain, there was a great upward movement

of the island to the height of at least two thousand feet, which as yet

has revealed no history of its details further than that, from the absence

of later deposits and from the character of its ancient and much sculp-

tured topography, we may fairly infer that it has not since subsided

beneath the sea, but has remained mostly dry laud, and that its area

and outline were very nearly as great as those of the island of to-day.

This includes those portions of the island above the dissected Cuchilla

plain.

(2) The Cuchillas at five-hundred-foot level constitute a plain or

plains produced by base levelling in the epoch immediately following

this oldest period of elevation, and represent the time interval between

it and the later movement recorded in the first or lower group. The

country was planed down by erosion to near sea level. The Cuchillas

summits indicate a long pausation period between the old Yunque and the

renewed modern elevation recorded in the Yumuri cliffs cut around them.

(3) The tripartite group of modern cliffs and base levels below and

against the Cuchilla escarpment are the product of a renewed and mod-

ern upward movement, which elevated the old Cuchilla coastal plain to
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a plateau, and subjected it to the erosion which has since dissected it

iuto its present rugged outlines. The Yuinuri cliffs were carved from

it where it formed a sharp coastal scarp, and the Havana and Matanzas

benches represent synchronous levels with the latter in the west end of

the island, where the Cuchilla level was of less extent. That this mod-

ern group of elevations was intermittent, as shown by its alternate cliffs

and terraces, is evident, the modern soboruco representing the latest

uplift.

The elevated benches and terraces which border the coast of Cuba,

with the single exception of the soboruco, or modern coast reef, are not

ancient coral reefs either topographically or lithologically, as has been

asserted, but, on the other hand, are beach and erosion plains, produced

by rapid elevation of the island in Post-Tertiary time, and carved from

various formations, principally the older limestones, regardless of struc-

tural arrangement and composition. Even though the old limestones

may be remotely of coral origin, which I do not think, and which idea

I have discussed on a previous page, these old terraces can in no wise be

interpreted topographically as elevated reefs, for none of the original

reef topography is preserved. On the other hand, 1 can give numerous

instances where the same benches are carved out of the varying compo-

nent material, which was much folded or disturbed prior to their erosion,

as is shown in most of the figures.

The series of ten-aces around Cape Maysi and Yumuri are carved out

of a massive matrix of old limestone of undulatory structure, as shown

in the figures. The terraces or base levels at Matanzas are cut out of a

series of beds widely divergent in lithologic composition, all dipping at

angles of from ten to twenty-five degrees. The Moro and Principe Pla-

teaus at Havana form a planation surface upon a floor of folded limestone,

in which distinct anticlinal structure can be traced. The terrace upon

which the Military Hospital at Baracoa is situated is carved across the

almost vertically inclined edges of the older Miocene limestones. The
summit of the Yunque, instead of being a coral reef, is a greatly degraded

peneplain. The soboruco alone of all the levels is topographically an

elevated reef, and this, as before stated, dees not rise anywhere over

fifty feet.

Lack of Evidence of Subsidence.

I must confess my inability to distinguish any positive evidences of

subsidence since the beginning of Tertiary time or accompanying these

elevations, although it would be rational to think that the movements



278 BULLETIN OF THE

must have been oscillatory. It is easy to imagine evidences of subsi-

dence, but to prove them is difficult. Geikie has said :
—

" It is more difficult to trace a downward movement of the land, for the evi-

dence of each successive sea margin is carried down and washed away or covered

up. . . . The student will take care to guard himself against being misled by

mere proofs of the advance of the sea on land. In a great majority of cases

where such an advance is taking place, it is due not to subsidence -of the land,

but to erosion of the shores. . . . The encroachment of the sea upon the land

may involve the disappearance of successive fields, roads, houses, and villages,

and even whole parishes, without any actual change of level of the land." 1

I failed to find any traces in the upland areas of recent deposits which

would indicate any submergence whatever. The soils, especially the

" Tierra Colorada," are everywhere residual, and nowhere did I observe

any that could be attributed to transported material or overplacement

of alluvial matter, and particular care was taken to look for such evi-

dence. De Castro reports extensive upland alluvial deposits in the

region of Puerto Principe, but gives no evidence whereby we may deter-

mine whether they were produced by inland deposition or by submer-

gence of the land to sea level. Neither do the rivers show any revival

or other evidence of such subsidence, but all have continuous down-

ward cutting sections.

Whether there has been recent subsidence immediately preceding the

deposition of the elevated coral reef of soboruco, whereby the circular

harbors were produced, as Crosby alleges,2 is also a point which is diffi-

cult to determine. Iu support of his position he points out the structure

of the circular harbors and the great thickness of the older limestones,

which he believed to be ancient reef rock, I have endeavored to show

on a previous page that there is no evidence to support the theory that

the older and elevated limestones were coralline reefs in origin, and

hence it is not necessary here to discuss this testimony further.

Concerning the circular harbors, however, I must confess that Mr.

Crosby has some reason for his argument, although the evidence may

be more strongly interpreted to indicate elevation. Concerning these

harbors, he says :
—

" The coast of Cuba is probably not rising now, at least not at all points.

On the beach near Baracoa the erect stumps of large trees may be seen,

standing where they grew, near the low-tide mark. The numerous harbors

of Cuba are nearly all formed on one plan, of which Baracoa is a good ex-

1 Text- Book of Geology, p. 261. 2 Op. cit.
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ample. It is an approximately circular,, almost completely landlocked basin,

communicating with the sea through a narrow but deep passage between broken

walls of the coral rock. The larger harbors departed from this plan chiefly in

their more irregular outlines, all agreeing in having deep, narrow mouths-

Every harbor is at the mouth of one or more rivers, and their inlets, as I con-

ceive, are the work, not of the sea, but of rivers at a time when the land was

higher than now. While the main body of the harbor, in each case, is simply

the broader and older portion of the river valley behind the barrier reef, which

has been invaded by the rising sea, the circular form of many of the smaller

harbors is largely due to the fact that the sand brought down by the rivers is

thrown up by the sea into curved bars, cutting off the inequalities of the shore.

" During the formation of the most recent of the elevated reefs, which, as

already stated, forms a level about thirty feet above the sea, the mouths of the

smaller streams were behind the reef, discharging into irregular channels or

basins between the reef and the shore. On account of the turbidity and fresh-

ness of the water, the reef, especially on its inner border, grew less rapidly at

these points than elsewhere, the basins behind the reef becoming filled with

debris from the land. "When the reef was finally raised to something above its

present level , each river scoured out a large part of the sand and gravel which

it had deposited, and cut a narrow channel through the reef itself. During

this period of elevation, Cuba, like most rising lands, had few harbors, but

when subsidence began the sea occupied the channels and basins which had

been excavated and cleared out by the rivers, and thus a large number of har-

bors came into existence.

" Opposite the mouths of larger rivers, such as the Toar and the Molasses

in the vicinity of Baracoa, the reef in question was interrupted, and these

streams discharged into broad, open bays, while the lower portion of their

valleys show equally with the harbors that the land is sinking. They are half-

drowned valleys filled to a considerable depth with land detritus, conditions

which could not exist if the land was rising or had risen." 1

The interpretation of Ihe evidence of the harbors depends upon the

correctness or incorrectness of Mr. Crosby's hypothesis that the narrow

outlets through the reef rock represent a channel cut by the scouring of

the rivers themselves. It may be that they are channels representing

originally areas of non-coralline growth, such as are now known to exist

in submerged reefs remote from areas with developed land streams and

in atolls, aud such as biological laws tell us should exist opposite the

mouths of rivers, — such channels as now exist off shore around the coast

of Cuba, where reefs are growing. Mr. Crosby admits that the reefs

grew less rapidly at these points than elsewhere, on account of the

turbidity of the waters.

The channel of the Havana harbor and the canon of the Yumuri
i Op. cit.
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River of Matanzas are certainly eroded in the manner Mr. Crosby alleges,

not through coral reefs, but through older rocks which have been ele-

vated across the tracks of the rivers, though most of the harbor necks

in the east end of the island are certainly old submarine i*eef valleys,

resulting merely from the fact that the coral has grown up around them.

The harbor of Havana is a much better example of supposed subsidence

than is that of Baracoa, but even here the channel cut out- of the old

Tertiary walls of the harbor does not necessarily imply that the land was

formerly higher than now, for the heavy surf may be seen cutting many
similar indentations into the limestone sea front, which action, with the

aid of that of the rivers, could have easily made these indentations.

Concerning the mouths of the rivers themselves, their alluvial de-

posits and the evidence of their valleys may be interpreted to mean
elevation more positively than Mr. Crosby interprets them to mean sub-

sidence, nor can I understand why he calls them " half drowned." There

is a singular absence of fiord-like valleys or indentations, or of ancient

estuarine deposits, around the coast of Cuba, such as ordinarily indicate

subsidence. (Plate I. Fig. 6.) In fact, the rivers in nearly all cases,

like the Yumuri of the east, run directly to sea level through almost

vertical chasms cut straight across the line of terraces, and are void of

any terraces within their canons, showing unmistakably that they have

been cut down to sea level since the terraces and their own deltas were

elevated, and that there is no superimposition indicative of subsidence

previous to the reef-making epoch.

That some of these rivers do at present reach tide level a short dis-

tance from the beach is true, but so short is this distance that vessels

can always obtain fresh water from them by sending light boats up

stream less than a mile. I think that this slight indentation of tide

level up these rivers is indicative, not of " drowning," or of Tin ancient

subsidence, but that, on the contrary, it means merely that the rivers

and surf are doing their normal work of degrading the land. If they

were really drowned rivers they would be navigable some distance inland,

but in the three largest streams, the Armendaris of Havana and the two

Yumuris of Matanzas and Baracoa, I found it impossible to go inland

over a mile in the shallowest row boat, being soon retarded by rapids.

On the other hand, these streams are new forming delta deposits in

places outside their mouths, which is more indicative of present eleva-

tion than of subsidence. Furthermore, at the mouth of the Yumuri of

the east, these deltas were also formed immediately preceding the eleva-

tion of the coast reef, which may be accepted as evidence of elevation at
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that time. At any rate, if there had been any long epochs of subsi-

dence, they would be recorded in great fiord-like valleys or low passages

across the central axis of the island, such as do not exist, and to which

the oval harbors may not be compared, for the origin of these is due

entirely to the pre-existing fringe reefs.

It might be alleged that all the ancient topography showing subsi-

dence is still beneath the ocean level, and that the angular edges of

Cuba are indicative of the fact that the present outline merely represents

an ancient summit which is re-emerging. The submarine topography,

however, is not within the province of this paper, but I agree with Pro-

fessor Agassiz that its irregularities were indicated long before the period

of history herein recorded. The three alternations of gravel and reef in

the Matanzas section may also have indicated slight alternations of sub-

sidence and elevation.

Without committing myself to an emphatic negation as yet, I must

confess that no evidences of great subsidence are apparent at present,

and although I hold my conclusions upon this subject in abeyance to

future observations, I seriously doubt its existence.

It is now possible, with the aid of the stratigraphic and paleontologic

data previously given, to make a few conclusions concerning the Ceno-

zoic history of Cuba. It has been shown by the stratigraphy that the

topographic levels are not old reef levels, but that, with the excep-

tion of the modern reef, they have all been carved out of the old

Tertiary limestones, which had previously been folded and disturbed by

movements that could not have been generally uniform, but which were

orogenic, and hence the present bench topography of Cuba is subsequent

to this period of Post-Tertiary wriukling, and represents a different kind

of movement, which was regional or epeirogenic. Since the old folding

or orogenic movement occupied at least a small portion of Post-Tertiary

time, we may reasonably conclude that the two great periods of uniform

uplifting recorded in the old levels must have taken place at least since

the beginning of the Pleistocene. In other words, they are compara-

tively modern in geologic time, — some of them absolutely recent.

It is not maintained in this paper that these epochs of regional

elevation were continuous and uninterrupted, or unaccompanied by
pauses or even alternating epochs of subsidence, but that their general

progress has been periodically upward, and that, if there were epochs of

subsidence they are difficult to distinguish, and were of short duration,

and insignificant in comparison with the great uplifting movement that

has generally taken place.
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III. RESUME AND CONCLUSION.

The known geologic history of Cuba may be stated as follows :
—

1. In Pre-Tertiary times an old land existed, almost as extensive in

area as the present island. Whether this old land was insular, multi-

insular, or connected with other Antillean ai'eas or the mainland, I will

not speculate. The submarine topography indicates that it was not.

Its composition and structure, however, show that it was an area of

active vulcanism accompanied by great metamorphism and eruptive

flows. If there are preserved in it any traces of Pre-Tertiary sedi-

mentation they are largely overwhelmed and almost obliterated by the

vulcanism, metamorphism, and later erosion. Paleozoic, Triassic, Jurassic,

and Cretaceous sediments have been reported by De Castro 1 in localities,

but their physical history is unknown.

2. It is also certain that during Tertiary times, embracing the Eocene

and Neocene periods, this ancient nucleal land, with all of its geographic

outlines, completely subsided beneath sea level, and that it was covered

with limestone sediments, which were organically derived from the sea,

not the island itself, for there is no semblance of limestone material in

the rocks of the Pre-Tertiary land which could have furnished material

for the Tertiary rocks. That this subsidence was profound we may

reasonably conclude from the thickness of the older nucleal region, now

visibly covered by the limestone beds, which have been horizontally ele-

vated to a height of at least two thousand feet. In other words, the

Pre-Tertiary subsidence may have been at least to an equal depth.

During this epoch of Tertiary subsidence a thousand feet of Tertiary

limestone were accumulated over the old nucleal island.

3. After the close of Tertiary times the Tertiary sediments were

greatly warped and folded, concurrently with an emergence of the land

from the sea. This movement was orogenic.

4. Following this began the epoch of epeirogenic or regional elevation.

During Pleistocene time the island underwent the first of these upward

impulses to its present height, with the exception of about six hundred

feet represented in still later movements. This older Pleistocene or

Yunque elevation raised the main area to a height of at least two thou-

sand feet in its eastern half, and fifteen hundred feet in its western half.

How much higher it extended we cannot tell, ,so great has been the

erosion. This elevation was so rapid and general throughout the island

1 Op. tit.
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that no coastal accumulations are preserved around its perimeter. This

elevation likewise developed the present outline of the island almost in

its entirety, and perhaps in greater area, which has since been destroyed

by erosion.

5. Following this older and greater Post-Tertiary elevation, and inter-

vening between it and the time of the Cuchilla, or five-hundred-foot

level, there was a long period of erosion, cutting down the country to the

Cuchilla plain, which was at that time marine base level.

6. Renewed and general elevation of the island commenced in recent

time, after the period of rest recorded in the Cuchilla level. The later

terraces, sea cliffs, base levels, and modern coral reefs and savanna

deposits of the south coast were then elevated. It is also evident that

in this later period elevation was intermittent, accompanied by slight

pauses. It is difficult to exactly fix the time of this latest elevation.

It was certainly very recent, and a considerable period later than the

old Yunque elevation. It cannot be older than late Pliocene, and it

may or may not be in progress at present.

It is not the province of this paper to discuss the history and origin

of the Antillean sub-continent to which Cuba belongs, but I cannot

refrain from presenting a few thoughts which may be of service to those

who may consider this subject.

The old metamorphic floor represents, beyond reasonable doubt, a land

that existed probably in Cretaceous time, and much of its metamorphism

and igneous extrusion took place in that period. Similar phenomena

have been recorded in Santo Domingo and Jamaica. In fact, it is not

proved that any rocks older than Mesozoic existed upon any of these

islands. Similar disturbances and excessive vulcanism and metamor-

phism are known to have been extensive on the Cordilleran region of

the North American continent, including all of Mexico and the Cordil-

leran region of the United States, which have been described by the

writer and others, and lately most aptly termed by Lawson the Meso-

zoic revolution. 1

As I have shown in a previous paper,2 the marine waters extended

across the isthmian region of the American continent, at least during

the earlier half of Cretaceous time (the Comanche epoch). Whether

this was by union of the two oceans, or by an eastward indentation of

the Pacific, or vice versa, I am not prepared to say. It is certain, how-

i See the Journal of Geology, Vol. I. No. 6, September-October, 1893.

2 The Cretaceous Formations of Mexico and their Relations to North American

Geographic Development, American Journal of Science, April, 1893.
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ever, that during the Cretaceous, at the close of the Comanche epoch,

great orogenic forces were active, and that the strike of their corruga-

tions constantly bent eastward until in the latitude of Southern Mexico

they were in the direction of this old Antillean axis, and that the latter

may have been part of the protuberances marking this line of great

orogenic movement, which in general was peripheral or concentric to

the old Appalachian land.

How great an area was involved in the upper Cretaceous and Tertiary

subsidences it is difficult to say. No attempt has been made to trace

the former event in the Antilles. The latter certainly included all the

great Antilles, — a region fifteen hundred miles in length from east to

west, — and the Atlantic and Gulf margins of the North and South

American continents, and probably all the isthmian region, which was

possibly land in Upper Cretaceous time, again connecting the Gulf of

Mexico.

One of the misty epochs in Cuban history is that of the folding and

disturbance at the close of the Tertiary, and I can only suggest that it

belongs with the orogenic phenomena which enveloped or overlapped

the periphery of the older Mesozoic Cordilleran region, in Central Amer-

ica, and in northern South America. This involved the Tertiaiy forma-

tions of the other Antilles, but there is no trace of it along the northern

periphery of the Gulf of Mexico.

I do not mean to say that these vast and apparently uniform regional

elevations which have taken place since the earlier folding of the Mio-

cene limestones were unaccompanied by faults or warping, but these are

nowhere prominently apparent, and their importance is secondary to the

former, which were not local, but general or epeirogenic in character,

and involved the uplifting of the whole island approximately, uniformly,

and synchronously.

That this uplifting was confined to Cuba alone of the Antilles, it

would be prepostorous to suppose, and we can in no way avoid the con-

clusion that it represents only a small portion of a great regional uplift,

including much of the surrounding area of the Mexican and Caribbean

gulfs. The adjacent islands must have been involved in these great

regional movements, the periphery of which must have been some dis-

tance from the present island, but I do not allege that the islands were

thereby connected.

Whether the movements can ultimately be correlated with those of

the surrounding American coasts, or the topographic irregularities of

the surrounding ocean floor, is a question which I shall not attempt to
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answer. We have recorded evidence that similar terrace phenomena

occur in Nicaragua, Yucatan, Jamaica, and San Domingo, and the coasts

of South America have participated in these regional uplifts of Pleisto-

cene and recent time, to which the slight elevation of the Gulf coast of

the United States is insignificant.

In these studies I have found no evidence that Cuba, since its earliest

history (the Mesozoic) has had land connection with the United States.

Unless there was some profound subsidence in Post-Tertiary time, such

as I have been unable to detect, no possible deduction can make such a

connection. In fact, I know of no positive evidence that it has been

connected with our continent at all, and have only hypothetical evidence

that the Pre-Tertiary land may have once extended toward the Yucatan

peninsula, and that it was only then, if ever, that the Antilleau and

Cordilleran islands were united. Neither can we avoid conceiving that

the subsequent elevations have brought the isthmian region up with it,

making the present land connection between the continents.

The axial direction of the general Antilleau Post-Tertiary elevation is

approximately east and west, and hence it is presumable that the sub-

marine ridges were more likely to have been extended in that direction,

and that to the north and south of this axis, which must theoretically

be the remnant of a great east and west swell or fold, there must have

existed corresponding sloping sides and synclinal troughs. It is but

natural, then, that evidence of the continuation of the Cuban dias-

trophism must be looked for in east and west lines rather than in lines

north and south.

We can also reasonably conclude that the orogenic development of

Cuba, begun in some unknown period of antiquity, was practically com-

pleted at the commencement of the Pleistocene, — that is, the develop-

ment accompanied by displacement, folding, and vulcanism,— and that

the stage of elevation then began, bringing up the old Pre-Pleistocene

architecture and carving the mass into its terraces and present outlines.

The group of regional elevations which I have described, although

marking a wide interval of time, all occurred in a comparatively recent

geologic period. To fix this time exactly would be impossible with the

scant data at hand, but we can make some approximations.

The oldest of the elevations, now represented by the Yunque level,

certainly followed the period of folding which the Tertiary limestones

underwent after their deposition. This folding, we may safely say, was

Post-Tertiary, and took place in late Pliocene or early Pleistocene time,

approximately, and marks the beginning of the re-emergence of modern
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Cuba, and the terraces are all of later age. Before this period, which for

convenience we will call early Pleistocene (properly late Tertiary) it

must be acknowledged that the area of Cuba, crests and coasts, was at

least two thousand feet lower in altitude than at present. We cannot

imagine that such a depression was locally limited to the island of Cuba

or the Great Antilles, or that it would have abruptly terminated along

the east and west axial line, and hence it is not difficult to -infer, espe-

cially in the light of existing geologic evidence, that it involved the

isthmian portion of the continent south of the great escarpment of the

Mexican plateau, and that oceanic connection then existed between the

Atlantic and the Pacific, as has been already indicated by the paleon-

tology and by the living forms. 1

1 See A. Agassiz, The Origin of the West India Fauna, Mem. Mus. Cnmp. Zool.,

Vol. X. No. 1, p. 79, 1883; also, Three Cruises of the "Blake," Bull. Mus. Comp.

Zool., Vol. XIV., 1888.
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EXPLANATION OF THE PLATES.

PLATE I.

Fig. 1. Geologic Section across the Island of Cuba from Havana to Batabano.

Scale, 5 inches to 1 mile. (1) Pre-Tertiary Formations. (2) Tertiary

Limestones. (3) Soboruco Reef. (4) Mud Deposit of Batabanos.

Fig. 2. Detail of Moro Plateau, North End of above Section. Figures have same

reference.

Fig. 3. Dike near Water-Works, South Edge of Havana. (1) Dike Material.

(2) The same, more weathered. (3) Supposed Cretaceous Clays.

(4) Surface showing Tertiary Limestone on right.

Fig. 4. Geological Section of the Canon of the Rio Yumuri of Matanzas. (1) Mas-

sive Coralline Cantera, Reef Rock, 85 feet. (2) More Arenaceous Lime-

stone, with Molluscan Remains, 15 feet. (3) Stratified Calcareous Clay,

with Molluscan Remains, 10 feet. (4) Same, with great number of small

Pebbles. (5) A very white Lime Material, with Bands of Clay. (6) At
Base. (7) Calcareous Matrix, with Pebble, 10| feet. (8, 9, 10, 11) Mio-

cene Limestone with Molluscan Remains, becoming arenaceous at

Base (12).

Fig. 5. Section at Baracoa. (a) Sea Level
;

(b) Elevated Reef Level
;

(c) Military

Hospital Level; (d) Cuchilla High Lands (1827), Yunque Level; (e) Ra-

diolarian Hill. (1) Soboruco. (2) Miocene (?) Limestone. (3) Yellow

Clays with Miocene Mollusca. (4) Hill of Radiolarian Earth.

Fig. 6. The Canon and Terraces of the River Yumuri of the East. Vertical height,

600 feet.

Fig. 7. Section near Aguacate, showing Decay of Limestone into Red Residual

Soil.

Fig. 8. Ideal Illustration of the Epochs of Elevation in Cuba. (1) Soboruco or

Elevated Reef. . (2) Cliffs of the Coast. (3) The Cuchilla Level.

(4) The Yunque Level. (5) The Sierra Maestra.

PLATE II.

The Evolution of the Circular Harbors of the North Coast of Cuba.

Figs. 1, 2. Mouths of simple Rivers, with Fringing Reefs growing off their Points.

(1) The Yumuri of the East. (2) The Limones.

Figs. 5, 6, 8. The Development of the Circular Bay, by Erosion of the softer Ma-
terial back of the harder Points of elevated Reef Rock. (5 and 8, Mata
Bay ; 6, Baracoa.)
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Fig. 7. Example of Irregular Outline resulting from still more advanced Erosion.
(Harbor of Eseondido.)

Figs. 3, 4. Double-mouthed Harbors produced by Elevation of Barrier Reefs in

combination with the Fringing Reef. (3, Harbor of Jaragua; 4, Ya-
maniguey.)

Fig. 9. Matanzas Harbor, showing Yumuri Valley, Canon, and adjacent Levels.

Note.— The artist has transposed the east and west sides in Figs. 3, 4, 5, 7, and 8.

PLATE III.

Limestone Mountains south of Matanzas.

PLATE IV.

Villa Clara, Metamorphic Mountains.

PLATE V.

Contact of Upland Plain with Limestone Hills.

PLATE VI.

Typical Plain, Central Cuba.

PLATE VII.

Yumuri River, Matanzas Bay.

PLATE VIII.

Yumuri Valley and High Levels.

PLATE IX.

Yumuri River.
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