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ARTICLE IV. 

ON TIHE TOPOGRAPHY AND GEOLOGY OF SANTO DOMINGO. 

BY WILLIAMA M. GABB. 

Read before the American Philosophical Society, October 18th, 1872. 

INTRO())UCTION. 

The present memoir is the result of a three years' reconnoisance of the greater part of the lRepublic of Santo 

Domilngo, alnd comprises a description of the geology of about 15,000 square miles, or about half of the island, of 

which the sister Republic of Hayti occupies the western one-third. 
The examinations and surveys were made during the years 1869, '70 and '71, by the author, aided by a corps of 

assistants varying in number from three to six, besides two draughtsmen, who were employed most of the time in 

preparing a series of maps of the topographical portion of the work. The geological work was mostly done by the 
author, assisted at times by two of the party. 

The origin of the work is perhaps anomalous in the history of geological surveys. The Government, with an 

enlightened policy in advance of the majority of Spanish-American nations, felt the necessity of a careful geological 
examination of its territory, to ascertain the exact facts in regard to its mineral resources. At the same time, in 

consequence of the numberless revolutions through whicih the country has unhappily passed during the last three 
quarters of a century, it was so crippled financially, that it was clearly impossible to find the funds necessary for the 

expenses of such an enterprise. It is niot necessary to record the details here. Suffice it to say that, finally, a coln- 

tract was made with some gentlemen in New York, who pledged themselves to pay the costs of the work, receiving 

a grant of a portion of land belonging to the government, to reimburse themselves. 

In the meantime, the writer was selected by the diplomatic agent of the Government in the United States, and 

on the eompletion of the negotiations, he began his examinations early in 1869. The manler in which he has been 

sustained and assisted by both the contracting parties is alike creditable to each, and leaves him iiothiiig to complain 
of on either side. 

The assistanits were at first but three, Mr. S. Speare, Mr. William Courtis and Mr. C. Runnebaum. Mr. Speare 
had been previously engaged in the copper mines of the Nigua, and his acquaintance with the country and the people 

made him very useful, especially at the beginning. He continued with the party until the close of the work. Mr. 

Courtis, being soon found incompetent, was dismissed in Juily, 1869, and Mr. Arthur Pennell engaged in his place. 
Both this gentleman and Mr. Runnebaum continued to the end of their work, employed in making topographical 
surveys. During 1869 Mr. William Barnes and Mr. A. Bonaczy were also engaged. The latter was employed part 
of the time with the topographical parties, and for a year assisting in detailed geological labors. Of the former but 

little need be said. "De mortuis nil nisi bonurm." At the end of a year he was discharged and went to the United 

States, where he died shortly after. It was found necessary for Mr. A. Pennell to do all of his work over again. In. 

the early part of 1870 Mr. L. Pennell joined the party as a topographical assistant, anid remained in that capacity 
until the middle of 1871, when a better position in the United States induced him to leave. During almost the 

wlhole of the work Mr. Juani A. Read has been engaged as topographical draughtsman, and during the last half Mr. 

A. P'. S.-VOL. NV. M. 
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50 INTRODUCTORY. 

J. de la Cruz Martinez has also been employed in the same capacity. In 1869 Mr. Charles Ohle was sent to the 
country by the contracting parties in New York, but independent of the survey, to examine the gold placers more in 
detail than was consistent with the character of our work. I have availed myself of his results in the Jaina region. 

For the draughtsmen, the map, photo-lithographed from the manuscript, speaks itself. They need no higher 
praise from me than an exhibition of their work. To the Messrs. Pennell, Messrs. Runnebaum, Bonaczy and Speare, 
I owe sincere thanks for their hearty cooperation in all of my plans, alnd for the zealous manner in which they pros- 
ecuted their work, often at the cost of great personal inconvenience and discomfort inicidental to out-of-door work 
in the rainy season of the Tropics. I would be remiss were I to forget to acknowledge our indebtedness to the 
various officers of the Government with whom we have been brought in contact. From the President, General Baez, 
and the Minister of the Interior, Mr. Gautier, down to the lowest official, we have experienced, almost without 
exception, only courtesy and kindness. Their assistance and attention have materially lightened our labors and 
forwarded the work. To mention a few would be invidious, and to niame all of our kind friends would be almost 
to write a directory of the leading men of the Republic. 

The topographical map is based entirely on new surveys over all of that region where our work extended. These 
surveys were coniducted by triangulations from two carefully measured base lines, one near Bani, the other in the 
northern valley between Vega and Moca. All of the principal roads on tMe north side, all of the passes east of the 
Constanza route, and all of the roads on the south side, as far west as Azua, were carefully chained. The coast-line, 
from Monte Cristi to Azua was also re-surveyed, as far as practicable, by chaining along the beaches elsewhere by 
triangulation. These coast and road lines were used also as bases for triangtilations; one system of work thus 
assisting and at the same time checking the other. We also availed ourselves of the local surveys of the British, 
and American naval officers in Samana and Calderas Bays, as well as of the table of astronomical positions on the 
coast in the United States sailinig directions. Among the latter, however, there are occasional discrepancies which 
render them a little doubtful. It will be thus seen that every precaution in our power was exercised to make the 
map accurate, so far as the limited force and time at our disposal would permit. At the same time, it must be borne 
in mind that it is but a reconnoisalnce at best, and that it cannot be more than approximately accurate in the details. 
The whole of the Haytien part, as well as that portioln west and northwest of Azua and the Constanza road south of 
the mountains, is copied from tlle map of Sir Robert Schomburgk. 

That each member of the party shall receive the full share of credit or discredit to which he is entitled for the 
degree of accuracy of his work I insert the following list: For myself I do not claim any further credit or respon- 
sibility in the topographical work than must necessarily attach to the chief of a party, in that he must answer for 
the reliability of the employees under his charge. So far the responsibility is mine. Beyond that I take great 
pleasure in awarding to them all of the credit. 

The Survey of the Province of Santo Domingo was made by Mr. A. Pennell, assisted by Mr. Runnebaum; that 
of Vega, by the same party, with the additional assistance of Mr. L. Pennell; that of the Province of Santiago, 
north of the Yaqui, by iMessrs Runnebaum and L. Pennell; that of Santiago, south of the river. Samana and all that 
was done in Azua, by Mr. A. Pennell; and that of Seybo, by Mr. Runnebaum. Most of the road and coast surveys 
were made by Mr. Runnebaum and Mr. L. Pennell. 

Heretofore, the Island of Santo Domingo has been practically a perfect terra incognita, geologically. In 1853 
Mr. T. S. Heneken published a short description of the northwestern part of the Republic, principally noteworthy 
on account of its inaccuracies. I have said all tllat is necessary on this subject in the text and have nothing to add 
here. The valuable papers of J. Carrick Moore, George B. Sowerby, and Dr. Duncan, in the Quarterly Journal of 
the Geological Society of London, made the fossils well known, but threw but little light on the geology of the 
country. In the early part of 1871 I published a very short resume of my results to that date in the American 
Journal of Science. The short sketches accompanyinig the report of the United States Commissioners can hardly 
be said to have contributed much to our knowledge of the geology, and beyond these, nothing has been published. 
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PART 1. 
TOPOGRAPHICAL DESCRIPTION. 

CHAPTER I. 

TOPOGRAPHY OF THE MAIN CHAIN. 

The Republic of Santo Domingo is an irregular triangle, covering about two-thirds 
of the island of the same name, with its apex at the eastern extremity of the island, 
and its base abutting against the sister Republic of Hayti, which occupies the remaining 
western one-third. Its greatest length, from east to west, is abouLt 270 miles, and its 
base is about 150 miles north and south. Its area is estimated at a trifle over 2O,000 
square miles, while Hayti comprises about 10,000 square miles more, including the 
whole western coast region and the two long peninsulas which project towards Cuba. 
The boundary between the two countries is well defined, being to a great extent a 
chain of mountains and hills. This line was surveyed and agreed upon in the last 
century between the Governments of Spain and France, when the whole island occu- 
pied the position of colonies of these two Powers. Since then there has never been 
a formal change of the boundary, although Hayti has persistently attempted not only 
to occupy a little more than its share, but also to conquer the whole Spanish portion. 
At present the Dominican Government is in peaceful possession of all the area 
claimed by it, except a narrow strip bordering Hayti, which is abandoned by both 
Powers and occupied only by a handful of roving desperadoes, who hold themselves 
amenable to no government and are equally willing to rob their so-called friends, as 
their acknowledged foes. 

The Spanish portion of the island, that of which we have to treat, is irregularly 
divided into two parts, by a chain of mountains known as the Cibao range; each 
part being again sub-divided by spurs of this chain, or by separate ranges. North 
of the Cibao Mountains, lies a long east and west valley called by the same name, 
extending from the Haytien frontier to Samana Bay, and bounded on the north by a 
range parallel with the first, which borders the coast friom Monte Cristi to the extremity 
of the Samana peninsula. South of this great central back-bone, the country is a 
series of broad level plains and wide valleys, separated from each other by spurs run- 
niing nearly parallel with, or at narrow angles from, the main Cordillera. For a better 
understanding of the subject, I propose to describe, somewhat in detail, the physical 
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52 O)Nr TIHE TOPoGIRAPHtY ANI) G`EOLOGY 

peculiarities of each regioni, before entering on a consideration of the geological 
structure. 

The great central mountain chaini, variously knowln as the Cordillera, the Sierra or 
the Cibao Mountains, extends the whole leingth of the islanid, begiiming at the eastern 
extremity and running out to the end of the northerin peninsula of Hayti, sending off 
spurs some of which attain to the dignity almost of independent chains. At its 
eastern end it is low, rarely acquirinig a height of more than a thousand feet. But 
going westward it rises until some of its peaks are 8,000 anid 9,000 feet high. Its 
genieral direction is a little north of west, although the numerous side-spurs, of 
variable length, serve to hide to a great extent the actual trend of the real watershed. 

The highest points are not always on the main ridge; some of the side-spurs 
bearing peaks which rise two or three thousand feet higher than the mother chaiii. 

The Pico del Yaqui, or "el Rucillo," as it is oftener called, fiom its head being 
almost always enveloped in silvery clouds, is the culminiating poinlt. It is almost 
exactly in the centre of the island, and is an imimense rouinded mass on the main iridge, 
said by Schombturgk to be 2955i metres h-igh. I have niever been able to irepeat the 
measurement, although I onice spent twenty-four- hours oin its flank, in the endeavor 
to reach the summiit. On reaching the height of 5500 feet, I was stopped by thickets 
of fern and the absence of water; but the peak, in full view, seemed to be about four 
thousand feet higher. The above measuirement, if not exactly coirect, is at least very 
nearly so. From this mountain start two of the largest rivers on the island; the 
Yaqui of the north, on the noirth side, and the Yaqui of the south, sometimes called 
the Neyba River, on the south side. Lower Tina, southeast of el Rucillo, is said by. 
the same authority to be still higher. This point, I have inever visited, having only 
seeni it at a distance. It is in the heart of a great mountain mass, northeast of Azua 
and east of the Constanza Pass, nearly inaccessible. The peQple of the country say 
that it is impossible to reach its summit, the route lying through dense forests, every 
step impeded by vines and bushes, and onl reaching its flanks it must be necessary, 
as is the case in all the other high land of Santo Domingo, for the traveller to cut his 
way through thickets of fern, often so close that- he must crawl on hands and knees 
through a tunnel, as it were, scratched by thorns, and blinded by the fern spores at 
every step. This peak is neither on the main chain, nor is it on one of the principal 
accessory spurs, but seems to be to a great extent isolated, the culminating point of 
a group of hills. 

From the Pico del Yaqui, and the mountain mass of its vicinity, there are senit 
out several long ridges running more or less directly to the northward, embraced 
between the streams wlhiel form tlhe head-waters of the Yaqui River. The first, 
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OF SANTO D)OMINGO. t53 

adjoining the river on its west side, is a long, very crooked chain of hills, called 
"Limpia Nariz," from a thorny vine which grows abundantly on its sides. West of 
this is another ridge culminating in Loma Joca, between 7,000 and 8,000 feet high, 
after which it falls gradually into the rolling hills which border the Cibao Valley. 
Between these ridges are many pretty little valleys, supporting a scattered population, 
such as Humunucu, about 2,500 feet above the sea level, Manabao, perhaps 500 feet 
higher aiid the Cienega, almost at the foot of el Rucillo. 

West of this region, the spurs which run out between the Bao and Amina Rivers 
are not of special importance. Their ca?nons are very deep, very narrow and rarely 
penietrated except by straggling pig hunters. An illustration exists almost on the 
edge of the village of San Jose de las Matas, which to-wn, although far out of the 
main mountains, is on, the imargin of a canon 500 or 600 feet deep. Southwest of this 
town, making the terminal point of a ridge, is a prominent little peak, el Rubio, 
between 4,000 and 5,000 feet high, a good land mark from the east, north and north- 
west, but entirely lost sight of when seen in connection with the great mass of Pico 
Gallo and its neighbors. Next west of it is one of the largest, if' not the largest spur 
sent out by the range, on its north side. This is Pico Gallo, a ridge lying between 
the Magua and Cenobi, two branches of the Mao River. The maini chain averages 
here-about 7,000 feet high. From it the cross-ridges start very close together, but 
most of them fall rapidly, while the present one extends, with very little variation in 
height, for ten miles northward, bearing in that distance two higher points, the m-lost 
noitierni ancd most promllinent of which, el Gallo, is nearly 8,000 feet high. Firom 
this peak the ridge falls with many undulations to Punta Lanca, a point about as high 
as el Rubio, and fully as prominent a land-mark. In the sunmmer of 1871, accompanied 
by two or three companions, I made an excursion into the mountains, penetrating to 
the base of the dividing ridge, and obtained not only a good cross-section of the 
geology, which will be described in its proper place, but also some valuable notes oln 
the topography of this almost unknown region. The ridges are innumerable and 
remarkably narrow and sharp; the cainons are very deep and of'ten flanked by precipices 
of naked rock. The outer hills, up to an elevation of say 4,000 feet, are clothed with 
a continuous pine forest, carpeted witli a scanty growth of grass. Higher up, the 
greater moisture of the air produces a belt of trees similar to those nearer the coast, 
followed in its turn by a region producing nothing but fern thickets. These last ex- 
tend to the summits of the highest peaks, and make it next to impossible to climb 
them. It is for this reason that the higher mountains of the island are so inaccessible. 
I have been assured by old moulntaineers, born at tlhe base of Pico Gallo, that so far 

A. P. S.-YVOL. XV. N. 
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54 ON TIHE TOPOGRAPHY AND) GEOLOGY 

as they know, nobody has ever reached its summit. There is inothing to prevenit the 
ascent except the fern. Its slopes are gradual, anld a dozen feasible routes can be 
selected from below by an experienced eye. Two men attempted it a few years ago, 
and one of them told me that, after str.uggling all day, chopping every step with their 
machetes, they were obliged to sleep on the mountain side, and returned next morning, 
giving up the attempt in despair. 

West of the vicinity of the Pico Gallo, there are no mountains of note on the 
north side of the range except the little hill of Chaquet, west of Saraneta, remarkable 
only for being somewhat isolated, and consequently a good land-mark. Across the 
border in Hayti, Monte Diablo stands out, a noble peak; and south of the water-shed, 
Nalga de Maco, another splendid bill, towers above everything. The latter, as seen 
firon Saraneta, seems to be a dozen miles or more south of the dividing ridge. It 
is a peak of perhaps 7,000 to 8,000 feet high, abrupt on its eastern side and sloping at 
an angle of 25' to 30? to the west. The Artibonite River rises far to the northwest of 
it, runs around its north, east and south sides, almost isolating it, and then runs down 
the valley towards Hayti. A peculiar feature of that part of the mountain range in- 
cluded in the water-shed of the Yaqui River and its tributaries is the extreme tortuosity 
of the ridges and the consequent great length of the stream, as compared with what 
might be alnticipated from a knowledge of the width of the range. Thus the Mao 
River sends branches far into the southwest, heading, so to speak, all of the streams 
of the vicinity of Saraneta. These ridges are generally high, narrow anid very 
crowded, their summits often being so very narrrow as to well merit the idiomatic 
term of "cuchillo" (or knife), which is usually applied to them. It is not a rare 
thing to travel for hundreds of yards along a crest hardly more than three or four 
feet wide. 

The foot-hills of this portion of the range are different from any other part of the 
island. They are generally high broad rolling lands, clothed with pine and grass, 
almost always with a red gravelly soil and cut up by very deep ravines. As a result 
of the loose gravelly character of the soil and the scarcity of rain it is the most 
barren region in the Republic. But little is cultivated on the hills beyond the food 
necessary for the sustenance of the scattered population; though in the little moun- 
tain valleys' and in the niot infiequent river bottoms good crops of tobaceo are raised 
for sale. The people are an independent, hardy race of mountaineers, very light in 
color, often nearly white, showing a large admixture of Indian and but little trace, 
usually, of' African blood. In fact many of' the men woould be mistaken in the United 
States for "half" or- " quarter-breed" IlndiAns. The men occupy thenmselves priinei- 
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OF SANTO DOMINGO. 55 

pally in the raising of horses, cattle, goats and pigs, the culltivation of their little 
garden-patches and an occasional hunting excursion into the mountains after wild 
cattle and pigs. The women, besides their very simple domestic duties, find abundanit 
employment in plaiting the leaf of the " guana " palm into ceroons for tobacco, which 
command a ready sale in Santiago. 

East of this region is the first pass that is used habitually in crossing the ranige. 
One route does exist, now never used however, from near Saraneta to the Artibonite, 
thence to Banica. A second, used very rarely, is along the caInon of the Bao, thence 
to San Juan. The present one is by way of Jarabacoa, across the head-waters of the 
Jimenoa River to the Valley of Constanza, thence down the Rio del Medio to the 
valley above Azua. The route is terribly rough, crossing high ridges and deep 
r avines constantly. From Santiago, the road first winds over rolling hills, skirting 
the Yaqui River, sometimes at the water's edge, sometimes climbing a steep ascent 
or plunging downi a rapid slope to the village, or rather neighborhood called Tabera. 
Here, scattered over a few thousand acres of nlearly level land, is a little world of 
itself, shut in by the high mountains behind and the wall of hills in front. From 
Tabera, the trail climbs to the top of a pine-covered ridge and winds apparently to 
every point of the compass until the traveller suddenly finds himself on the end of a 
high hill overlooking a beautiful valley several miles across, backed by an unbroken 
range of mountains. In this valley lies the pretty little village of Jarabacoa, the 
centre of a population of perhaps a thousand souls, half of whom live in the village 
itself. It is directly on the bank of the Yaqui River-here a brawling torrenlt twenty 
yards wide-its bed strewn with granite boulders, often tons in weight, witnesses of 
its prowess during the rains. The Jimenoa River which rises not more than ten 
miles southwest of Jarabacoa describes a course of thirty-five or forty miles long, 
nearly in a circle, and empties into the Yaqui but half a dozen miles from the town. 
A mile out of Jarabacoa, the trail crosses a stream of some size, a branch of the 
Jimenoa and then almost immediately commences to ascend the ridge. A climb of 
three miles brings the traveller to the top whence he can see on a clear day, not only 
the village and valley at his feet, but an interminable sea of mountains, the Cibao 
Valley, and beyond it, the north range, indistinct in the hazy distance. To the west, 
almost within reach, so close does it seem, stands the noble peak of the Rucillo, its 
top almost always enveloped in cloud; while to the south and east the eye becomes 
bewildered in trying to reduce the innumerable ridges to some kind of an intelligible 
system. The ridge along which the road runs is one of the most crooked I have ever 
had occasion to traverse, though eveni it hardly jtustifies the very poetical deseriptioni 
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56 ON THE TOPOGRAPHY ANI) GEOLOLGY 

of Sir Robert SchomburgkI, who travelled over it about 1851.* lt winds not only 
entirely around the head of the Jimenoa, but seems to take especial painis to double 
also all of its tributaries. After nearly half a day's ride, the r oad descends gradu- 
ally to the Jimenoa, here dwindled to a rivulet hardly thr-ee yards across. The water 
is beautifully clear, and very cold. A plunge in a shady basin, followed by a 
lunch prepared us for the remainder of our ride, and, after a few moments of rest we 
mounted againi for Constanza, which we reached just abouLt nightfall. From the 
Jimenoa, the trail still follows ridges, but neither so high nor so crooked as those 
preceding them. Finally we descended into a flat plain or valley, densely 
wooded, through which we rode for a couple of miles, at last emerging into a grassy 
plain dotted with little tongues anid islands of pine timber, and enlivened by gr0oups 
of horses and cattle. The village, if it may be so called, consisting of about a 
dozen huts, is almost at the extremity of the plain, in the edge of the woods, and on 
the banks of the Limon Creek. From the remains still existiing, it is evidently on 
the site of a former aboriginal village of nlo small importance. Earthworks several 
hundred feet in extent, similar to those fouind in the Mississippi Valley, are still 
visible, in a good state of preservation, overgrown in places by trees two feet 
in diameter. 

Leaving Constanza, which is Onl the branch of the Southern Yaqui, the Limon 
Creek above mentioned, the trail climbs rapidly to the hill side, and follows down the 
valley of the Limon to that of the Rio del Medio, or middle river. At el Rancho de 
Limon which, as its name implies, is a single rancho or shed, it descends to the river, 
to follow it for a mile or two, and tlhen climb, on the other side, the steepest trail I 
have ever seen on the Island. Reaching the summit again the jaded traveller winds 
among rolling hills, occasionally catching a glimpse of the yawning gulf' he has 
just crossed, until again he finds himself descending to the rivei. Here the climb 
is not so steep, although bad eniough, the more so since he has a thousand feet of up 
hill work before him, on the other 'side of the stream. This overcome, he begins 
aniother gradual descent arriving at the little village of five or1 six houses, called las 
Lagunas. From Lagunas, an easy down hill ride of an hour brings him to the Rio 

* See Athenmrum, 1852, No. 1291, p. 798. "Narrow deep valleys on each side of the interlacing ridges force the 
traveller to c6ntinue on their summits, although le is in consequence, obliged to make long detours; and instead of 
advancing steadily to the south-southwest-which is his true course to Constanza-lhe is often obliged to follow the 
ridges to the north and eastward before he is able again to continue to the south-southwest. Our guiide had already 
told us, that so eccentric are the ways of these mountains that two friends meeting in the morning, the one coming 
from Constanza, the other from Jarabacoa, in opposite directions, and having each parted on his several way, might 
at noon have another opportunity of saying ' How d'ye do? ' across some chasm in consequence of the twistings 
and turnings which both had to take. We did llot understanid what he meant at the time, but it became clear 
to us now."' 
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OF SANTO DOMINGTO. 57 

de las Cuevas, when his troubles are practically over; siinee he finds himself at last 
on the plains, an honLr's ride from Tubanos and a good half day's travel from Azua. 
Nobody who has crossed this pass once will be apt to repeat the trip for pleasure, 
even with the reward in view of the picturesque beauties of the mountains south of 
Constanza. They are certainly grand, unsurpassed, and hardly rivalled by anything I 
have ever seen in the Sierra Nevada; but niot grand enough to warrant a second journey. 

East of the country of the Yaqui and its branch, the Jimenoa, the character of 
the range changes rapidly. The pine forests disappear almost at once, the hills 
just west of Vega and those of the upper portion of the Maimon River being the last 
bearing this class of vegetation. A peculiar- feature is, that where pine grows at all 
it makes the entire forest, and when it disappears it does so suddenly and along 
well-defined lines. 

Towards Bonao the range becomes much narrower and the spurs are lower, the 
valleys running up between them becoming more marked both in length and width. 
The road from Vega to Cotui, running east-southeast, skirts along the extreme outer 
margin of the hills, often making long reaches out in the plain far off from them. 
From Cotui to Cevico a few of the minor spurs are crossed, although the latter 
village is still further to the southward. From Cotui a trail runs to Bonao, thence 
up a valley and across the hills where the head-waters of the Maimon and the 
Jaina approach to within a few miles of each other. The mountain pass is a trifle, 
so far as height and roughness are concerned; though in all ordinary seasonis it is a 
river of mud, worn into stepping holes by the feet of the animals- that. have been- 
travellinlg it for centuries. The first high point reached onl this route, in travelling 
from north to south, is a grassy hill-top called the Laguneta Savana; although why 
it should be called Laguneta, when the nearest water is hundreds of feet downl in 
the ravine, can only be explained by the rule of contraries. The view from this 
point, in beauty, in variety, in all that goes to make the picturesque, is only equalled 
by one point, if any, and is certainly not surpassed on the Island. Its rival is the 
"Santo Cerro," or Holy Hill, a few miles from Vega. From the Lagunieta a large 
part of the north side of the range can be seen-all of the Vega Real or Royal 
Meadow, so called by Columbus; and the horizon is bounded northward by a high 
range of ragged mountains. A fiiend once travelling as a tourist, not accustomed 
to "rouglling it," who had reached this p)oint, half dead from a protracted struggle 
through the mud of the whole mountain pass, declared to me in his first rapture that 
he was fully repaid for the whole journey fiom New York to the spot. To one who 
had been all day in the wet woods, almost out of reach of sunlight, wading through 
mud knee deep to his horse, obliged repeatedly to dismounit to extricate the poor 
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58 ON THE TOPOGRAPHY AND GEOLOGY 

brute "mired " belly deep in sloughs, scratched by thorns, cut by the sharp-edged 
Yabacoca grass, splashed to his eyes with not over-fragrant mud, and worn out 
between unaccustomed fatigue and hunger, the relief of finally reaching at the 
same time sunliglit, a resting-place, and an exceptionally beautiful view, was 
certainly something to remember. But to continue: from the Laguneta the road runs 
about three miles through the woods, usually on top of a lnarrow ridge, almost 
always very muddy. At the end of this distance is a resting-place of a third of a 
mile of grassy hill side called the Savana de la Puerta. Here the road again enters 
the woods, now almost down to the level of the plainis, in the valley of a stream 
called the Guanianitos, followinig this stream to the Jaina River. Along the whole 
distance from the Puerta to the Jaina the road is an almost uninterrupted bog, the 
wet mud of a river bottom on which the sunl never shines; land which, if cleared 
and cultivated, would yield crops of such magnitude that no one having a regard for 
hiis reputation for veracity would dare describe. 

East of this pass is another but little used; a mere third trail through the woods, pre- 
ferable for its shortniess in very dry weather, though nearly impassable in wet seasons. 
It has notlling to warrant especial mention except the fact that it winds through very 
low hills, crosses almost innumerable small ravines, and finally strikes the head-waters 
of one of the branches of the Ozama, reachinig Yainasa, on the margin of the southern 
plains. 

Still another, longer than the two preceding, but much better in every respect, is 
that by way of Cevico and San Pedro. Although twenty miles longer, and cross- 
ing rougher hills, this route is almost always selected by persons travelling in a 
hurry fiom Santo Domingo to Cibao. Almost immediately after leaving Cevico 
the road commences to climb the rolling grassy hills that border the range, and at 
the distance of an hour's ride eniters the forest for the first time. It crosses first a 
ridge, called the Cuesta Blanca, or "White Ridge," with some mud and much rock; 
thence crosses a pretty level tract pleasantly varied between forest and savana, 
watered by three good-sized streams; thence by a gradual ascent climbs a high ridge 
the main divide nere, known as the "Sillon de la Viuda," or "Widow's Saddle," 
and leaves it by an equally gradual descent, entering the plains near a now almost 
deserted grazing station, called San Pedro. From this pass there is no other to the 
eastward until we reach the viciniity of Samana Bay, when we find the road running 
south from Savana la Mar to Sanito Domingo, a trail that enjoys the unienviable 
reputation of being, in many respects, the worst oni the Island. The mountainis in 
the intervening distance have no features to render them peculiar or worthy of special 
mentioni. They ar-e low, ineonspicuoous, and have here dwindled to a single ridge 
wVithl a few spul1s? all dlenselyr wooded. 
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At San Lorenzo Bay, a little side branch of Samaiia Bay, the hills reach the 
water's edge, and present an entirely different appearance from any other part of the 
range. This is due to their being here composed of horizontal Tertiary rock, very 
hard and weathered into the most fantastic otutlines. They are from 200 to 300 feet 
high and start up, often with precipitous sides, so separated from each other, and yet 
so similar as to present at a great distance a rude resemblance to a battlemented wall. 
The process of elevation is evidently going on at present, and has been doing so for 
a long time past, since the water-face of these rocks is invariably worn into caves of 
all sizes, from a mere overhanging ledge to an excavation of two or three hundred 
feet or more in depth. Some of these have been occupied by the Indians, as will be 
described further on. The eastern shore of San Lorenzo Bay is a sandy plain, con- 
tinuous with a savana which borders the wllole south side of the Gtulf of Samana, 
though often interrupted by projecting hills. The only prominent hill in the vicinity 
is Monte Redondo, or Round Mountaini, a pretty good landmark, from its being 
isolated and standing close to the coast, just outside the mouth of the bay. The 
forest land of this part of the Republic is always wet from the double circumstance 
of a constant and heavy rainfall, and the impossibility of the ground drying when 
shut off from all access of sunlight and wind. The road, travelled from time imme- 
morial, and never mended, is in such a condition that the ordinary rule of travellers 
over this route is to avoid going anywhere where they can see any signs of a road. 
It is worst in the part called the " deshecho de los Franceses," or Frenchmen's turn- 
out, a region where the road is probably in places a quarter of a mile wide, the 
endeavor of each persoln being to pick a place where nobody has gone recently. It 
is a good horse that will carry his rider fiom Savana la Mar to Pulgarisi across the 
range in one day's journey, barely more than twenty miles. Just before reaching the 
bad part of the- route the traveller r-eaches a little settlement of half a dozen houses 
called the Valley. Here he enters the woods, crosses the dividing ridge and 
flounders along as best he can, gradually descending until he reaches Savana 
Grande, a grassy tract of a thousand acres, a breathing spot, and a sort of half-way 
station where most travellers either , take a meal or spend the night. After this 
some more bad roads and a couple of hills, the latter of which, however, the loma 
de los Castellanos, is dry and gravelly, bring the unfortunate victim of circumstances 
out oni the margin of the broad prairies of the south side. 

I have made but little mentioni of the rivers of the central chain considerinig 
them rather to belong to the region through which they run than to that in which 
they take their rise. 
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CHAPTER II. 

TOPOGRAPHY OF THE REGION NORTH OF THE MAIN CHAIN. 

Owing to the almost complete geological identity of all of the region lying north 
of the central mountain chain, it is best to include all in a general description, 
although one half is valley, the other half mountain. It is true that Samana is in 
a manner isolated, both topographically and geologically; but the first is hardly 
evident on the map, and the last difference is only a repetition of another exception 
in the mountains near Puerto Plata. 

The great northern valley-called, as a whole, the Cibao, from the range of 
mountains adjoining it-is divided inlto two unequal portions, watered respectively 
by the Yaqiii and the Yuna rivers and their tributaries. The former portion, from 
Santiago to the Monte Cristi, is usually known as the Valley of Sanitiago, or of the 
Yaqui; while the latter is always called the Vega, or the Vega Real-the Royal 
Meadow-a name given to it by Columbus, and one well merited by its beauty and 
fertility. This valley occuples a depression between the central or Cibao range oii the 
south, and another on the niorth, which has no distinctive name, but which might be 
called, for convenience, the Monte Cristi range. Both extremities of it are low and 
marshy. Large salt-water marshes and lagoons occur near the mouth of the Yaqui 
River, and other mud flats, similar in every respect, border the mouth of the Yuna. 
In the latter region, the same valley or depression is prolonged still further, existing 
as Samana Bay, havinig the same trend, and nearly the same width, as the valley of 
which it is the evident conitinuation. 

The valley proper, from the mouth of one river to the mouth of the other, has an 
entire length of nearly one hundred and fifty miles, while its average width is about 
a dozen miles. In no place is it less than ten, and in perhaps none is it over fifteen 
miles wide. The highest point is near Santiago, from which it falls very gradually 
towards either end. Between the towns of la Vega and Santiago, that is to say, 
between the Yaqui and the nlorthern branches of the Yuna, there is a low range of 
hills, which nearly divides the valley into two parts. But these hills do not reach 
entirely to the Monte Cristi range, a narrow interval of land interveniing, so that one 
can travel on the plain from Santiago to Moca, and from Moca to la Vega, although 
the road from Vega to Santiago is rolling throughout almost the entire distance. 
This is of importance, since the question of railroad routes in this vicinity has been 
much mooted lately; and it is possible that the configuration of the land may have 
an important bearing in this connection. 
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Santo Serro, or Holy Hill, is one of the most prominent points in this spur, and is 
doubly interesting from its having once been the scene of a battle between Columbus 
and the natives, when, as tradition declares, the Virgin Mary personally descended, 
and, perching on an arm of a cross, turned back the arrows of the heathens against 
themselves. The cross has disappeared, but the hole in which it was planted still 
exists; and, if ftirther proof of the miracle is required, it can be found in a painting 
in the chapel erected over the spot, showing the malnner in which the thing was 
done. The hole is not likely to grow smaller, since the earth from it has miraculous 
healing properties, and is sought for eagerly by pilgrims, who make long journeys 
for the privilege of stepping into the hole, and takinlg therefrom a spoonful of dirt- 
at twenty-five cents a head. But to the less reverenlt or less credulous traveller, this 
lovely spot has a greater charm. But a couple of hundred feet above the valley, it 
is so far out from either range of -mountains, that it commands a view of both for a 
hundred miles of their length, and one glance takes in the entire Vega Real, only 
cut off by the dim distance, towards Samania. 

East of Vega the spurs that are sent out into the valley by the southern 
mountains are without any remarkable peculiarities. They are low and incon- 
spicuous in their similarity one to another. A few little valleys ruin up into the hills, 
among which may be mentioned those along the Yuna and Jima Rivers, the Maimon 
River, at Hatillo, or about Cotui, Cevico, and the valley of Payabo Creek. But these 
are all alike-a meadow of from one to a couple of hundred acres, bordered by forest, 
and nestling among trees. On the lower Yuna, below the mouth of the Camu, the 
low spurs reach almost down to the river, and manly of them are similar to the 
peculiarly-shaped hills of San Lorenzo Bay. North of the Yuna, near the hills in 
the vicinity of and east of Macoris the plains are rolling and gravelly. A little 
further down towards the river the soil is more clayey, and in the river bottom it is 
a rich black loam, supportilng a dense forest growth. At Almacen, where the river 
bluffs give an opportunity of examining it, the loam is at least ten or twelve feet 
thick, and the river level did not give the means of ascer taining how much deeper it 
reaches. West of Macoris the loam widens out at the expenise of the gravel, and 
nearly the enltire distance from Macoiis to Moca is over a black mud, bad enough to 
travel over when dry, but almost impassable in wet weather. The same description 
may be applied to the roads from Macoris to la Vega, from Vega to Moca, or, in. 
great part, that from Moca to Santiago. 

The road from Vega to Santiago runs also for a couple of miles on the same 
black, sticky soil, then crosses some rolling, gravelly hills, thenl, making three passes 
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of the Verde or Green River, it crlosses some more hills. Here, the Tertiary rocks 
coming to the surface, the road is dry, and the soil usually shallow; but immediately 
afterwards, entering again the black loam region, there is a stretch called the 
"Laguna Prieta" or " Black Lake," a mile or two of road which, during the entire 
rainy season, fully mer its the name. 

There is a marked dissimilarity in the vegetation of the eastern and western ends 
of this valley, caused by the difference in the amount of moisture in the air, and the 
difference in the rain-fall. The trade-winds from the Atlantic draw into the gap of 
Samana Bay as into a ftnnel, and are conducted by the mountain chains, as between 
two walls, directly down the valley, depositing their vapors, either as rain or dew, 
over the eastern end, even too abunidantly at first. But in their progress they 
generally become drier, until just after passing Santiago there is a very appreciable 
diminution in the rain-fall, and a consequent change in the character of the plants. 
Within ten miles west of Santiago nlearly all of the forest trees common in the Vega 
disappear; Acaci,as of two or three species take their place, disputing the ground 
with Cacti. Of the latter, one of the most conspicuous is an arborescent Opuntia with 
a peculiarly flat, narrow leaf, often carrying this tendency to compression to the 
extent of having its woody stem of a foot thick of a long elliptical section. The 
plant not rarely acquires a height of twenty feet, and occasionally one of twenty- 
five feet high may be seen. Besides this, a columnar Cereus, rivalling it in height, 
and very similar to one known in Lower California as "Pitahaya dulce," is equally 
abundant. Two other species of Cereus, three or four of Opuntia, one MVielocactus, a 
little gregarious Miammillaria, and two or three climbing species of Cereus (?), make 
up the list. It is not to be understood that this change in vegetation is abrupt. A 
straggling little Opurntia or an occasional Cereus may be found even as far east as 
Santiago, and the forest of the more eastern type clings to the damp spots along the 
river botton almost to Guayubin; btit so marked is the style of the plants away from 
the river, that in the foot hills north of Gtiayacanes I could have imagined myself 
on the plains of Magodalena. North of the Yaqui the road, very wide and very 
level, runs nearlv parallel with the river, rarely touching it, usually at the distance of 
a mile or two, directly down the valley, through some very good land, now used for 
grazinfg solely, and apparently barren, but which, properly irrigated, could be made 
to yield excellent crops. It is, however, so inferior to other regions in the Republic 
that the population must increase many fold before such artificial aid will be resorted 
to here. There is another drawback which would doubtless have great influence. 
There are but few streams, and these are small, running out of the northerni or Monte 
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Cristi range, and the fall of the Yaqui is comparatively trifling, so that the difficulty 
of obtaining a suLfficient supply wouLld be great. The nearer we approach Monte 
Cristi, the drier and more parched the country looks, the more abuindant becomes the 
cactus, and the more scarce and wilted the grass; I was assured by a friend, riding 
aloiig the road, that at that spot no rain had fallen for fourteen months previously. 

South of the river, the same causes produce like effects, modified, however, to 
some extent, by the proximity of the mountains. Outside of the mountains the 
counitry consists of a broad belt of foot, hills, a curious basin, bordered by an east 
aiid west range of tertiary hills, outside of which, adjoining the Yaqui, is a flat plain 
of variable width. From Santiago to the Amina River most of the ridges of the foot 
hills are rather narrow and steep; gradually become broader towards San Jose de las 
Matas. West of the Amina, towards Guaraguano they develop into broad rolling 
hills, and finally lose themselves in beautiful level savanas at Savaneta. Below the 
mouth of the Bao River, adjoinging the Yaqui, and for a distance of half a dozen or 
more miles west of Santiago, there is a reasonably level tr-act, with excellent soil and 
and admirably adapted for farming, if the crops in the little "conucos" or gardell 
patches scattered throiugh it are a criterion. From this same region ruLns a range 
of low hills extending westward, parallel with the river, to a point beyond Savaneta. 
They are cut through only where the rivers Amina, Mlao, Gurabo and other southern 
tributaries of the Yaqui have forced for themselves passages. At the eastern end, 
these hills are hardly separated or distinguishable from the foot hills proper of the 
main range; but fiom the Amina to the Mao they are separated by a deep though 
narrow valley, and from the Mao westward the separation is rendered complete by 
the broad savanas of Savaiieta and their eastern pi'olongations. On the Mao River, 
at Caana Fistula anid Hato Viejo, the valley which separates the foot hills below 
Guaraguano from the Samba Hills, as this range is called, is terraced; four well- 
marked levels, making an aggregate of perhaps as much as 300 feet from the river 
to the surface of the upper terrace. The terraces seem to indicate that the Samba 
range once acted as a dam to the river which thus widened out into a small lake. 

About Savaneta the foot hills of the main chain retreat southward, forming, as it 
were, a sort of bay and a broad, nearly level tract, clothed with grass and dotted 
wvith trees, makes a pleasing variation in the landscape and fturnishes admirable 
grazing ground for numerouis herds of cattle and goats. This savaina country 
extends to the Haytien frontier with very little variation. The soil is gravelly and 
the atmosphere, owing to the proximity of the mountainis, is more moist than 
furither out towaards the centre of the valley. 
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But little need be said about the Samba Hills. They are a low chain of dry 
gravelly and sandy hills, two to four huundred feet high, and, as above stated, 
occupy an isolated position in the valley. They are composed of the same Tertiary 
rock as that underlyinig the valley itself, anid are entirely destitute of water except 
where the rivers from the main range have cut narrow chanlnels through them. 
They are covered with an almost continuous tangled thicket of thorniy bushes, with 
a plentiful sprinkling of cactus; and are so nearly destitute of grass as to be almost 
useless for grazing and utterly valueless for any other purpose. The narrow strip 
of land between the range and the river is barely, if at all better than the hills 
themselves. It is equally dry, equally barren and, except along the rivers, it is 
entirely uninhabited. Some small spots in the river bottom are cultivated, and 
others might be, if irrigated. 

In the region just described are the two most importanit rivers of the Republic. 
The Yuna river drains all the region east of Santiago, and receives two or three large 
tributaries. The principal of these is the Camu, flowing past the village of La 
Vega, itself 70 to 80 miles lonig, and which drains more than half the valley and 
the adjoining hills. The Yuna rises further east thani the Camu, and like all of the 
streams flowinig out of these mountains, first pursues a general northerly course, 
afterwards bending abruptly to the eastward. This river is easily navigable at 
present for twenty to thirty miles from its mouth, and canoes loaded with tobacco 
descend every day, returning with merchandise for the store-keepers of AMoca anld 
Macoris. I have descended it from Cotui to the mouth of the Camu in a canoe, 
when the -wter was more than usually low, and Mr. A. Pennell, on a previous 
occasion, ascended to the same point, from the mouth. His report is that large 
trading canoes have nio difficulty in ascending to El Platanal, just above the mouth 
of the Camu, although a few shallow places exist. I found that over my part of the 
route, no obstructions exist which caninot be overcome by the simplest of engineering 
contrivances. In most cases, all that will be necessary will be an ordinary wing 
dam to throw the water into a narrower channiel or the occasional rapids. The river 
is usually about 100 yards wide and, at the ford at Cotui, is three feet deep in the 
channel, with an average of one foot on the rapids, at extreme low water, in the dry 
season. I have not explored it in detail above Cotui, but am familiar with much of 
it, and my opinion, backed by all the testimony that I have been able to collect, is, 
that the same appliances which will be requiired below Cotui, can be successfully 
used above, so as to give at least a huindred miles of navigable river oni the Yuna 
and its t6ibutary, the Maimoin, certainily as far as, and perhaps some distance above, 
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Hatillo. The advanitage that must accrue to the valley by opening this river, is 
almost incalculable, giving, as it would, a iiatural outlet to its products, which in 
part pass through Santiago and onl pack animals, forty-one miles across the moun- 
tains over a very bad road, to Puerto Plata. 

The western part of the valley is not less fortunlate thani the eastern, in having a 
large river, which could also be rendered navigable to withinl a few miles of Santiag,o. 
It is probable that the expense of opening the Yaqui wotuld be greater thanl that of 
the suggested operations on the Yuna. But this is rather hypothesis on my part, 
than based on detailed examinations. Some of the rapids I have examined seem to 
be much more violent and extensive than any on the Yuna, the fall over at least a 
part of its course is greater and difficulties exist at the mouth, which, althoough easily 
overcome, must be expensive. The river has been for ages constantly shifting its 
bed, for the last twenty miles of its course. At present, it runs through a series of 
shallow lagoons and narrow chainels nearly choked up by dr ift wood and buslhes. 
The presenit mouth is at Manzanilla Bay, while one of the old mouths is near Monte 
Cristi. Old beds like dry canals show where it ran at one time and allother; and 
lately, the Government.has takeni steps, though perhaps on too small a scale, to divert 
the water into one of these dry ditches, changing the mouth to Monte Cristi. 
Should this be accomplished successfully, even if only a part of the river finds egress 
by this route, so long as enough water is diverted to float a canoe, the bellefit to the 
people of the valley will be far beyond the amount expended. Now, the river is 
never used for navigation. The few canoes to be found on it are only kept for 
crossing from one bank to the other; nlot a freight boat of any description exists on 
the Yaqui. Mahogany "crotches" are sent on mtule or donkey back, 'from Guayubin, 
on the river, to the coast at Monte Cristi. 

The tributaries of the Yaqui on its north side are so few and so petty in size, as 
not to merit even a mentioin. On the south side, however, they are numerous anid 
large. The Jimenoa, rising south of Jarabacoa, and describing three-fourths of a 
circle, uniting with the Yaqui north of the same town, is really the longer of the two 
branches into which the river divides. The other branch, bearing the title of the 
main stream, rises in the peak of the same name, and runs nearly north until it 
reaches the middle of the valley, jtust beyond Santiago, when it suddenly benlds at a 
right angle to the west. Just above Santiago, it receives the Bao, or Cibao River, 
almost as large as itself, which rises in the miain ranige, west of the spur on which is 
Loma Joca. West of the Bao, we find successively the Amina, Mao, Gurabo, Canna, 
Guayubin, aiid half a dozen other rivers and creeks of smaller size. The five named 
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are pretty nearly of the same size, the Mao being peihaps the longest and carrying 
the greatest volume of water. 

Geologically speaking, the valley just described, and the mounitaini tract to the 
north of it, are identical. The same rocks compose the mountain that underlie the 
plain, the elevating forces having acted along but a single anticlinal, and leaving the 
valley undisturbed, with the trifling exception of the Samba Hill. These mountains 
-for which, in default of a better, I have proposed the name of the Monte Cristi 
range-are about one hundred and fifty miles long, and vary from ten to thirty miles 
wide. In its lowest part, towards the extreme west, it is but a few hundred feet 
high, while a dozen peaks ranged along its entire extent exceed a thousand, and one, 
Diego Campo, near Santiago, is nearly four thousand feet high. 

The range partakes, to some extent, of the same climatic influences as the valley, 
though to a much less degree, as might be anticipated from its lying nearer the 
ocean. The eastern end is not unlike its neighbor Samana, while the part from 
Isabella west is dry, arid, and much like the valley to the south of it. Standing on 
the table-lanid at the mouth of the Isabella River, the site of the first settlement of 
Columbus on the island, the view is cheerless in the extreme. As far as the eye can 
reach, nothing is visible but a succession of dry yellow hills, parched and barren. 
No green thing is to be seen in the distance, except a rare mangrove swamp, 
suggestive of mud and quicksand. To heighten the effect, the spectator sees a 
similar growth at his feet, reeking with foul odors, and around him is nothing but 
thorn-bushes and cactus. It is difficult to imagine what could have induced the 
great discoverer to have pitched on such a spot as this, when the coast of Hayti to 
the west, and the entire coast of Santo Domingo, to the east of Isabella, offered so 
many more inducements - equally good and better harbors, more accessible and 
better water, rich vegetation instead of a desert, equally defensible positions, and, in 
a word, all the conditions for the safe establishment of a weak colony in a strange 
and hostile country. There are a few fragments of roughly-built stone walls still 
standing, barely more than a foot high; and the owner, who acted as my guide, 
expressed his perfect willingness to sell site, ruins, landing, cactus, mangrove swamp 
-all, for a hundred dollars. 

The appearance presented by the range from Isabella is not belied by a closer 
examination. It diminishes rapidly in width and height as it approaches its western 
extremity. The scarcity of rain produces not only a desert vegetation, but also a 
scarcity of springs and running water. A few small fertile valleys exist on the north 
side, and near the base, on the south side, are a very few springs. But two land- 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



OF SANTO DOMINGO. 67 

marks exist in this part of the range; but these are well marked, and, being visible 
from the coast, are of great use to seamen. Silla de Caballo is, as its name implies, 
a saddle-shaped hill, and Monte Cristi is a table-mountain, isolated from the range, 
of which it is the terminal point. It is but eight hundred feet high, but its solitary 
position and its peculiar shape make it the most marked point in the whole range, 
not excepting Mount Isabella de Torres, back of Puerto Plata. 

It is not to be inferred that the barren, desolate character just described applies 
to any large part of the Monte Cristi mountains. Even in the neighborhood of the 
Isabella River a chanige occurs, and back in the hill, some of the "conucos" (as the 
farm patches of' an acre or two are called) show proofs of good soil and a sufficiency 
of water. The absence of cactus here, away from the coast, is a corroboration not to 
be disregarded; this family of plants growing habitually, only where moisture is 
rery scarce. From' Isabella there is a pass across the mountains to Guayacanes, 
which follows up the Isabella River to Maimon, a flourishing little settlement; thence 
climbs a very steep hill to the summit and descends a long ca'non to the plain. 
Many other passes exist through these mountains, the principal of which are the 
Alta Mira and Palo Quemado routes, between Santiago and Puerto Plata, one from 
Moca to Batei, one from Macoris to the mouth of the River Jobo, and from Macoris 
to Matanzas. In fact, there is a pass wherever the necessity for one exists, the range 
being so simple in structure, that the difficulties of finding a practicable route across 
it, almost anywhere, are not great. The Alta Mira pass starts about nine miles west 
of Santiago, and after ascending the arroyo of Limon Creek for half a dozen miles 
to Limon, climbs' the range by a very steep trail to the summit, around the west side 
of mount Diego Campo; thence descending a little to the little hamlet of four or five 
houses called Alta Mira, it clambers along a muddy ridge, crosses a stream, and 
winds along, another ridge, more muddy than the first, winding around the western 
flank of Mount Isabella de Torres, and reaches the plain about three miles from 
Puerto Plata, by a road more muddy still than the mountain pass. It is over this 
road, bad as it is, that 'an annual hundred thousand ceroons, of a quintal each, of 
tobacco have to be carried, on horse, mule, donkey, and bull-back, at an annual cost 
of about half a million of dollars, and nobody thinks of mending the road. The Palo 
Quemado pass is shorter, but so much worse that it is rarely traveled. It climbs a 
high ridge, quite near to Santiago, then descends to the head of the Yasica River, 
crosses it, then crosses some low hills, emerges into a plain bordering the coast. This 
road could be easily improved so as to be reasonably good. Next, east of this, is a 
trail fiom Moca to Batei, twenty-seven miles east of Puerto Plata. This is the worst 
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road, if road it may be called, over these mountains, and, in near approach to impassa- 
bility, is inferior onliy to the Savana la Mar trail. It is useless to repeat the same 
story of steep hills, rocks, and mud; this route abounds in all ; but a pleasant relief 
is experieniced when the traveler, emerging from a network of bad road, wood-trails, 
and mliahogany " drags," suddenly comes in view of a pretty little valley at his feet, 
on the edge of Jamo River, with a neat-look-ing farm-house and its group of dependent 
out-buildings, fields well fenced, and with luxurious crops well cultivated; the 
plantaini patch, with its trees actually planted in straight linies; abundance of cocoa- 
iut and other fruit-trees, and, in short, many unwonted signs of comfort and good 
taste. This is the farm of an old Spaniard, Don Narcisso Roca, who has lived in the 
country for many years, and who rules his little domain like a prince. His boisterous, 
good-natured hospitality is notorious, and the pleasanit recollection of it is not soon 
forgotten by those who have shar ed it. From Don Narcisso's there is one trail down 
the river to Puerto Plata, a good half-day's ride distant, while another crosses a long 
ridge, with plenty of mud, as usual, striking the Yasica River-, along which it descends 
a mile or two to Batei. At Batei is the farm of a gentleman, an American, Mr. C. 
Schaffenberg, which, in the appearance of the buildings, fences, gates, fields, and, in 
short, everything, betokens more advanced ideas than those held, or even understood, 
by his neighbors. The land is excellent, and the manner in which its owner has 
arranged his suiroundings and availed himself of the natural advantages at his dis- 
posal, is not equalled anywhere else in the Republic. An unusual feature in Santo 
Domingo is the existence, near the house, of a fine large spring, giving rise to a 
good-sized stream of clear, cold water. In this neighborhood is quite a large colony 
of American negroes and mul-atoes. These were brought to the country from Florida 
by a Mr. lIKinsley, during the Haytien occupationi under President Boyer. Kinsley 
made a contract with the Government that, as they were his slaves in the United 
States, they were to remain apprentices for a term of years, and then reach the full- 

fledged dignity of fieedmen and citizens. Of course the experiment failed. The 
to-be citizens became impatient of the delay, anid became unmanagable, in a counLtry 
where a white man was not as good as a negro, and consequently having no redress. 
Kinsley was ruined; died; his sons, also coloured, and his former slaves, now form a 
colony, harmonlious, industrious, and flourishing, and no persons on the north coast 
are more respected or more highly spoken of thani the " Kinsley boys." 

East of Batei, the country is almost witlhout an inhabitant. A few scattered 
families occupy the more eligible sites at the mouths of the rivers, or where some 
little stream trickles down fiom the hills, until we reach Matanzas, a little village 
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which owes its existence to the fact that it is at the extremity of the pass over the 
mountains, between Macoris anid SamanA, and that there is a little harbor here for 
coasters. From the mouth of the Rio Jobo there is a trail across to Macoris, which 
ascends the river to the summit, near which is a collection of three or four houses, 
called Blanco. From the top of the ridge it descends another stream, emerging on 
the plain two or three miles northwest of Macoris. 

The route from Macoris to Matanzas has nothing remarkable about it, except the 
great niumber of times it crosses the Rio Magua, a very rocky stream. 

The onily two streams in these mountainls worth mentioning, are the Isabellav 
River and the Yasica. The former river, soutlh of Puerto Plata, flows northwest, 
throuigh a lolng valley, and empties at the site of Columbus' first colony, from wliich 
it derives its name. It is too small to be of any practical value. The Yasica takes 
its origin in the same vicinity, and flows northeast, receiving several large branches. 
It reaches the sea about thirty miles east of Puerto Plata. The lower portion of this 
stream is quite deep, and is much used for floating mahogany from the interior to the 
coast. 

The noith coast has a number of good harbors. Manzanilla Bay is an excellent 
port, but now never visited. Its proximity to the Haytiani frontier renders it unsafe 
for residence, anid there is consequently no settlement there. The mouth of the Yaqui 
is so nearly choked by drift and bushes, that there is no river-trade, and Monte Cristi 
monopolizes all the commerce of the region. Added to this, the extensive marshes in 
the vicinity render it extremely unhealthy. Mlonte Cristi is a good little harbor, well 
shut in, and yet easy of access both by land and sea. Vessels enter easily, and are 
well sheltered, while there are no streams or marshes landward to cut it off in that 
direction, like Manzanilla Bay. The shore is very shelving; mud flats run out a 
long distance, and nearly a mile in width of the shore is subject to overflow at very 
high tides. But a causeway and pier will remedy the defect, and the flats can be 
turned to good account for the manufacture of salt. Should the Yaqui River be 
diverted to this point, Monte Cristi cannot fail to become a place of great importance. 

Following the coast eastward, the first harbor of importance is Isabella. This 
is an indentation in the coast, open to the north and northwest. There is an abun- 
dance of water, and vessels resort there conistantly for mahogany, satin-wood, and 
fustic. After this follow a number of little bays, like Sniffiet, Blanco, and Isleta, 
available for small coasters, after which we ar-rive at Puerto Plata, a small but well 
sheltered harbor, at present the principal outlet of the tobacco trade of the Cibao. It 
is easy of access and egress, and will always be of importance, in consequence of a 

A. P. S.-VOL. XV. P. 
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a good sugar-couuntry surroundinig it, eveni if the produce of the interior should find 
another outlet, a consummation not likely to be long delayed. 

East of the Puerto Plata, the harbors are small and but little used. Cabarete, 
the headquarters of the Kiinsley colony, is a little bay, of but little value, available for 
small coasters. But little need be said of Saman'a. It is a peninsula, or rather island, 
about thirty miles long and eight or ten miles wide; separated on the south from the 
mainland by Samana Bay, and on the west by the Gran Estero, or Big Creek, one of 
the numerous mouths of the delta of the Yuna. Topographically, Saman'a is a con- 
tinuation of the Monte Cristi chain-that is to say, on looking at a map, one would 
not hesitate to include it all under one general term; but geologically, it is 
independenit, belonging as it does, both by the contained rocks and by the date of 
elevation, to the same age as the main central chain. Almost the entire surface is a 
mass of mountain-land, with innumerable flats, not only adjoining the coast, but 
nestling everywhere among the mountains. 

A chain of hills runs throughout the entire length, usually nearer the south than 
the north coast, and sends out nuLmerous spurs, especially on the north side. One of 
these, near the eastern end, forms, the promontory called Cape Cabron, while the enid 
of the chain reaches to Cape Samnani. At the point where the Cape Cabron spur 
starts off, there is a high, conical peak called the Sugar Loaf, visible in every direc- 
tion, and a good landmark from the sea. Monte Diablo is a smaller, broader, and less 
conspicuous peak near the eastern coast, also useful as a landmark. 

The soil in the mountains is often thin and stony, but the valleys without number 
are exceedingly fertile. Some of the best coffee and cocoa-land in the Republic exists 
on Samana. I found in several places in the woods, perhaps forgotten by the owners, 
old cocoa plantations, with the trees in full bearing, despite the forest growth which 
had sprting up arounid them. The valley of the little stream called San Juan River 
is a type of numerous spots on the peninsula. It is a long, not very wide valley, with 
a rich, deep soil, and so completely shut in from all sunlight by the vigorous vegeta- 
tion, that it is almost always muddy. Almost the entire course of the stream is 
bordered by clumps of bamboo, their graceful stalks bending over and interlacing 
from side to side, so that the river runs, as it were, through a living archway of 
foliage. Towards its mouth, the land becomes rougher, the cainon narrower, the soil 
rocky, and its mouth is as wild a spot as can be well imagined; a long sand-beach, 
ending abruptly against a high bluff of black rocks, with the broad Atlantic thunder- 
ing against it with a ceaseless roar. 

At the eastern end, between Puerto Frances and Rincon Bay, there is a broad 
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tract of land, admirably adapted for cultivation of coffee or sugar-cane. There are no 
streams on it, however, and the occupants would be obliged to depend on wells for 
their supplies of water. 

Rincon Bay is a good-sized harbor, well protected by Cape Cabron. It is bordered 
by a nearly continuous sand-beach, on which grows a forest of thousands of cocoaiiut- 
trees. The whole north coast is nearly without occupants. Port Jackson has a shed or 
two, and the same may be said of Limon and Rincon; a few scattered sheds, occupied 
by occasional pig-hunters, being the only signs of humanity. A couple of families live 
at the mouth of the San Juanl, and the next settlement is at Puerto Frances, where 
there are two or three houses. Here there is a little nook, in which small vessels can 
find a partial shelter. Just south of it, the coast is as wild and forbidding as it can 
possibly be. The limestone is worn into sharp points, bluffs, coves, and islets, over 
which the surf beats 'with great violence. 

In strong contrast with the wild nature of the scenery oni the northern and eastern 
coasts is the quiet of the shore of Saman'a Bay. Every little piece of beach is 
crowded with graceful cocoa-palms. The hills are wooded down to the water's edge, 
except where a rocky bluff is too steep tQ suppoit trees, and then bushes and trailing 
vines take their place. The roar of the ocean gives place to a gentle ripple, anid 
every new picture seems to struggle to excel its predecessor in beauty. The south 
coast is a succession of hilly headlands and little bays. Almost every indentation has 
its level tract, and even far up on the hill sides are seen the garden patches and the 
thatched cabins of the inhabitants. Many of them are American negroes, who 
emigrated to Santo Domingo a generation or more ago. Most of the original 
emigrants have died, or remain as very old people. Their children and grand-children 
remain, a separate people, who rarely intermarry with the natives; usually speak 
English among themselves, and retain a sort of Protestant form of worship; much 
more intolerant of the religion of their Roman Catholic neighbors than these same 
neighbors are of them. They are quiet, industrious, thrifty, and always well spoken 
of as good citizens; but they all look forward longingly to the time when annexation 
to the United States shall give them a permanent guarantee of peace. The region 
principally inhabited by these people is just around the port of Santa Barbara de 
Samana, from la Flecha to a point half a dozen miles west of the town. 

The little bay of Santa Barbara, which often assumes the name of the larger bay, 
is a little land-locked harbor, entirely shut in from all winds, partly by the hills with 
which it is surrounded, and partly by a group of small islands lying in front of it. 
It is hardly equalled, certainly not excelled, in security or accessibility, by any port 
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in the West Indies. The larger bay itself is an excellent shelter, although opening, 
as it does, to the east; it is sometimes disturbed by winds from that quarter; but 
once inside of the lesser bay, or behind any one of the nutmerous points, a vessel is as 
secure as if she were docked. West of Santa Barbara, there are five of these points, 
forminig a succession of little side harbors, some deep, some shallow, but all well 
protected. This part of the peninsula is pretty well populated, and the clean, well- 
kept houses, nlestlinig along the shore, present a scene of quiet beauty long to be 
remembered. 

CHAPTER III. 

TOPOGRAPHY OF THE REGION SOUTH OF THE MAIN CHAIN. 

There is a marked contrast between the appearance and topography of the two 
sides of the island. South of the central chain, there are broad prairies, immense level 
tracts of f'orest, and long, heavy mountain ranges, reaching, some almost, others 
completely, to the coast. The region is naturally divisible into three parts, each 
having its local peculiarities, and differing alike in topography, climate, and vegeta- 
tioin. The first of these includes all the eastern part of the Republic, as far west as 
the Jaina River; comprising all of the Province of Seybo, and par t of Santo Domingo. 
The second may be said to extelnd from the Jaina to the vicinity of the Ocoa River, 
covering the remainder of the Province of Santo Domingo, and overlappinig the margin 
of the province of Azua; while the third and last region covers the remaining por tion 
of Azua to the Haytien frontier. 

The extreme eastern end of the island, forming the peninsula of Seybo, is made 
up of the low, terminal portion of the mountains, and a broad plain. This plain 
comprises about one-half; or nearly so, of the width of the tract on its southern 
margin, and is in part savana, in part forest. As will be explained in detail in its 
proper place, the character of the vegetatioiu is dependent on geological causes, and 
the presence or absence of woodland is a certain key to the char-acter of the under- 
lying formation. All that portion adjoining the coast, from the Jaina River eastward, 
around the eastern end, until the mountains reach the sea, is clothed in trees. This 
strip of forest is of pretty regular outline. It is from eight to twelve miles wide, anid 
west of Santo Domingo City, and gradually grows broader, untilj near Higuey, it 
acquires a width of fifteen to twenty miles. Immediately adjoining the coast, there 
is almost always founid a series of ter races. These acquLire in all a total height of a 
little over one huindred feet; although they are not always strictly r-ecogniizable as 
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terraces, but rather as a series of slopes. Near Santo Domingo City, but three can 
be distinctly made out-one on the edge of the river, corresponding to the bluff wall 
of rocks of the sea-margin; a second is in the village of San Carlos, just outside of 
the walls; while a third is directly outside of the village. A mile back of Santo 
Domingo, the land is remarkably level, and about one hundred and fifty feet above 
tide water. All the wells are of this depth, while in the city, their average depth is 
about fifty feet. On the southeastern coast, this terrace character is well seen from 
the sea, one bluff rising behind the other far inland. 

In the neighborhood of the Jaina River, where it emerges fiom the hills, the soil 
is a coarse gravel, often containing large boulders. Going eastward, the gravel loses 
it coarse character, becomes gradually sandy, and finally almost a clay. All the 
region east of this river, from the tree-belt to the hills, is a succession of beautiful 
savanas, cut up by occasional. water-courses, and, in parts, plentifully sprinkled with 
ponds and little lakes. The savanas continue to beyond Higuey, interrupted by 
strips of timber along the streams, and a little clump occasionally in low places, 
where the drainage of the water supplies a greater amount of moisture than over the 
other parts of the plain. 

The line of juncture of the prairie and the coast forest supplies some of the 
prettiest park-like views that can be imaginied. In the vicinity of San Antoniio de 
Gucrra, for example, the first intimation of the proximity of the savana is the 
occasional appearanlce of a little grassy opening in the woods. These become larger, 
more numerous, and close together, until finally the country becomes one continuous 
park, carpeted with green, dotted by clumps of trees, through which the cattle roam 
in herds, while here anid there may be seen the palmi-thatched cottage of a herder, 
embowered in a cluster of cocoanuts. On its northern margin the boundary of the 
savana is exceedingly irregular. It is encroached on by numerous spurs of the 
mountains, and, in its turn, not only sends long tongues back into the hills, but even 
surmounts them in places. A very few of the hills are entirely grass-covered, while 
many of the outer ones are divided between grass and forest. The peculiar-looking 
hills near Bayaguana stand out like islands in the plain, and near Monte Plata are 
some smaller spurs, not quite so isolated, but equally naked. About San Pedro and 
Yamasa the plain forms deep bays, nearly shut in by the hills, and on its extreme 
western edge the Savana of Santa Rosa is a similar extension, reaching to-the Jaina 
River. 

Sierra Prieta is a prominent hill runninig out into the plaiii, the terminal point of 
a lonig ridge between the Isabella and the Ozama Rivers. It is a low, conical peak, 
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but can be seen for a long distance, owing to its isolation. West of the Sieirra Part- 
ridge, directly west of the Isabella River- is a very marked mountain range runninig 
south from the central chain, and bearing two or three peaks worthy of notice. The 
most northern of these is Siete Picos, or Seven Peaks, so called from the number of 
peaks that can be counted on its summit. Directly south of it, not more thanl ten 
miles off, is Mount Mariana Chica, a fine hill with a square top, one of the best 
known and most easily recognized mountains oni the south side. Isabella River* 
rises in the ridge between these two peaks, and running around the east side of the 
the latter, it empties into the Ozama. Alo-ng the western base of the Mariaina Chica 
ridge, adjoining the Jaina, is a beautiful and fertile farming country that must some 
day attract a thriving settlement. It is pleasantly variegated between savana and 
woods, borders a fine river, and in some places acquires a width of upwards of a 
mile. It was in this tract that there existed a town in the time of the early Spanliards, 
now entirely destroyed, and its name forgotten by the people of the vicinity. Not 
having access to any work on the history of Santo Domingo, I hardly feel warranted 
in being very positive, though I have an indistinct recollection of having been told 
that it was destroyed by an earthquake. It was called Buenaventura, and the spot 
is now knlown as Monte Pueblo. The entire tract is overgrown with large forest trees, 
one in particular, two feet in diameter, growing out of the corner of. a wall, while 
others equally large have sprung up among the ruins. The walls of a few houses, 
probably the more important ones, still exist as lines of stones, usually rough, though 
in one case nicely squared. They are rarely more than a foot or two high, and in one 
instance indicate a building of considerable size. One house stood in what is the 
line of the present road, and the horse-trail actually winds among the stones that 
once formed its walls, and crosses its principal room, the outline of which can still be 
made out. Although the town was at a long distance from the river, and, in fact, far 
from any considerable stream of water, but a sinigle well has been detected, and that 
is now dry, doubtless choked by debris from above. Another excavation exists, in 
the shape of a vault, neatly lined with brick, about eight feet square, five or six deep, 
and accessible by means of a well-like aperture of two feet square. This is usually 
said to have been the treasure-vauLlt of a Government mint, established here to coin 
the gold washed in the vicinity. I have never been able to learn if this is a tradition 
founded on fact, or if it is simply a theory based on the presence of gold in the 

* It must be borne in mind, that many local names are repeated in Santo Domingo, alnd care must be used not to 

confound them. Thus we have this river, as well as the Isabella west of Puerto Plata; we have two Yaqui Rivers, 

two towns called Macoris, and, straniger still, two places in the Cibao called by the old Indian name of Hu-mu-nu-cui, 

within thirty miles of each other in a strlaight line I 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



OF SANTO DOMING 0. 75 

neighborhood, and the difficulty of explaininig the existence of the cellar in any better 
manner. Immediately below Monte Pueblo, on the east side of the Jaina, the savanas 
begin, here high rounded hills, which fall gradually iinto the savanas of Porto Rico 
and Santa Rosa. 

West of the river, and entirely across to the Nigua, the hills are of pretty nearly 
the same contour; but they are mostly wooded. This tract is well watered by a 
succession of pretty little creeks emptying into the Jaina, and most of them are 
lined with settlements, a house and its accompanying "conuco" being fouLnd at 
almost every turn, their presence inidicated at a distance by the inevitable cluster of 
cocoa-palm. These hills end rather abruptly in an elevated plateau, where there is ia 
little cluister of houses called Cobre, which owes its existence to the effort-unsuccess- 
ful, however-to establish here a mining town. The principal condition of success was 
unfortunately wanting. Nobody has been able to find a mine of copper, or anything 
else. 

Similar attempts, with no better results, have also been made on the Upper Nigua 
River, about nine miles above San Cristobal, where a few houses were built and a 
trail cut. The houses have nearly fallen to pieces, but the road remains, and, poor 
as it is, it is a boon to the scattered mountaineers who live through these hills. The 
Nigua River is a small stream with a wide, gravelly channel, often dry, except in 
holes, for several months, and again, durinig the rain, a torrent that nobody dare cross. 
At Tablasas it forces its way through and over a bed of limestone, forming a fine group 
of falls and rapids. Fui>ther down the bed is usually a dry gravel beach. The beauti- 
fuil spring of " La Toma," (San Tomas?) three miles above San Cristobal, from which 
pours a never-failing body of water, that gave me, on measurement, fifteen square 
feet of cross section, fully accounts for the phenomenon. This is one of the most 
beautifiil little spots on the Island. The spring is a basin of over twenty feet across, 
eight or ten feet deep, as clear as crystal, and boils out from subterranean channels, 
some of them as large as a man's body. It is at the foot of a steep hill, the'part over 
the pool being a precipice of white limestone, overgrown with moss, festooned with 
vines, and with a graceful cluster of fern springing from every crevice. On one side 
is a magnificent clump of bamboo overhanging the pool, while on the other, large 
trees shut out the sun, and almost the light of day. The water runs down a narrow 
valley for a few hundred yards before it enters the main chainel of the Nigua River. 
At a couple of htndred yards below the spring was a fall of some twelve or fifteen 
feet, and this was taken advantage of (tr-adition says) by the Spaniards, to build a fine 
dam of mason work. The water was thus carried off by a ditch, partly to a mill, ruins of 
which still remain, aiid l)art was carried throucghl a hill by a ttunnel, of which some traces 
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cani still be made out. This ditch, after winding around a point of hill, crossed the gravel 
bedoftlhe Nigua by means of a channelconifined between two stone walls, and then skirted 
the left bank of the river for half a imile or more to another mill, the walls of which still 
remain pretty well preserved. The foregoinig information is derived partly from Sur- 
veys made by Mr. R. Pennell and myself, and paitly from the statements of an old 
Haytien, M. Ia Plene, who assured me that when he arrived in the vicinity with 
Touissant l'Overture, in 1801, then a boy of fifteen, the ditch across the river was dis- 
tinctly visible, almost intact. The dam is niow ruined from want of care. The water 
has undermined it in several places; the greater part finds outlet along the old creek 
bed, but during the last year (1871), another channel has opened. The top of the 
work, seven or eight feet wide, and as solid as a single rock, forms the only stone bridge 
in the Republic! This place is much resorted to by pic-nic parties for the beauty of 
the scenery, and the unusually good bathing facilities. 

Another spot in the same vicinity, although equally noted, is not so much visited, 
partly because of two additional miles of travel to reach it; partly because of the very 
rough, rocky. trail. This is the gr-oup of caves, known as Pomiel, on the same ridge, 
buit further up the river. The caves are several; two large ones connected by a few 
narrow passages, but each having its outlet, form the principal attraction; while the 
others are mere indentations in the face of a bluff. These larger caves are several hunl- 
dred yards in length, excavated through the white limestone of the mountains, and 
consist of successions of large chambers, sometimes connected by good-sized corri- 
dors, though oftener by passages so narrow as to admit a person with difficulty. 

There are but few stalactites, and none of them of any beauty. One of the caves is 
frequented by myriads of bats, whose dung forms a coating of a foot or two deep over 
the floor; while the other, known as the "White Cave," is almost entirely free from 
these inhabitants. 

From the vicinity of the caves the view out is beautiful. Half a dozen miles of 
the narrow valley of the Nigua River can be seen, winding among the hills, while on 
each side, the lower foot hills roll off like billows as far as the eye can reach, bounded 
by the blue haze, or by the blue ocean. 

The bottom land of the Nigua is wonderfuilly rich, and the cane fields, small as they 
are at present, are an. earnest of what could be, if a more energetic race were to take 
them in hand. At the mouth of the river, half a dozen miles below San Cristobal, 
are the ruins of a very large sugar estate. The walls of the house, built on a stone 
terrace, indicate a degree of comfort nowhere found now in the interior; and the re- 
mains of the mill show that there was a time when at least one establishment in Santo 
DominLgo rivalled the great sugar estates of Culba. 
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West of Sanl Cristobal the long spurs of the higher mounitains run down so as to 
cut the plains bordering the coast, inito a series of bays. Immediately adjoining the 
river, there is a range of hills reaching almost to the beach; while the most direct 
road westward from the town is over a high ridge. The coast here has a strong trend 
to the southwest, and the hills run nearly parallel with it, leaving a comparatively 
narrow strip of level land on the margin. Most of this land, especially near the hills 
is a very rich black mould, unsurpassed for the cultivation of sugar-cane. Further 
west, after passing the Nizao River, the soil becomes gravelly and the climate drier, 
and near Bani our old friends the cactus begin to re-appear, becoming more abundant 
the nearer we approach Azua. Many pretty spots occur along the coast, such as 
Savana Grande, Palenque, and Nizao, each with its little settlement, and each is the 
cenitre of a small sugar-growing region, which judged by its capabilities should at 
least rival the most productive regions in the West Indies. Since the abolition of 
slavery in Santo Domingo the country has been in an almost constant state of anarchy. 
The repeated revolutions, each one destroying all the improvements made during the 
preceding interval of peace, have completely ruined the people, depriving them of all 
hopes of benefit from their labor. Three-quarters of a century of such experience 
has almost eradicated all ideas of industry; and the poor wretches dare not begin any 
work on a large scale, for want of guarantee that they will be the better for their 
trouble. The last four years of uninterrupted peace have been an epoch almost un- 
precedented in duration, and the government certainly seems to be gaining strenlgth, 
slowly, but surely. 

With this return of peace, there is a marked change coming over the industries of 
the country. Clearings are being made, more and more numerous every season; fields 
of cane and tobacco are being planted, and the increase in the production of these two 
crops is already very perceptible. This change is especially marked in the region in 
question, and new fields are rapidly being cleared, and cane planlted in almost every 
available spot. With continued peace, it is not rash to predict that in a few years 
this will be the greatest sugar district on the Island. 

About Bani the country is nearly level, the soil gravelly, and the vegetation simi- 
lar to that in the Santiago Valley. Near the town there is a very peculiar little hill, 
extending about a mile out into the plain, called Loma del Pueblo, and directly west 
of this, about eight miles distant, is another, longer and higher, called las Tablas. 
The interveniing plain, as well as that part to the south is almost perfectly level, and 
clad in a good gr-owth of grass among the trees. It supports large niumbers of horses 
and cattle, and about Savana Bney are niot a few sheep. The latter do not seem to 
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b)e eveni as highly appreciated as goats. They are never sheared, and are rarely used 
for food. The plain runs up into the hills at Honduras, much less fertile than nearer 
this coast, and strewn with large pebbles and boulders, the remains of an old beach. 
Below Savana Buey, the plain runs down three miles to Calderas Bay, some parts of 
whose shore are mangrove swamiips, the remainder sand. On the long sand spit which 
serves as break-water to shut the bay in from the ocean are one or two large salt-water 
lagoons, comnmunicating with the sea at high tide, and admirably adapted to the 
manufacture of salt. The bay itself would be an excellent place for anl excursion, 
with plenty of gunning and fishing. The clear sea-bottom, a floor of sand on which 
the star-fish anid mollusk lie side by side, givinig place in deeper water to the forests 
of coral, through which myriads of fishes, more brilliantly colored than the rainbow, 
loiter at their ease, or dart like flashes of red, green, or silvery light; the endless 
variety of life below as well as above the water would give pleasurable occupation 
alike to the sportsman or the naturalist, were it not for the infernal pest of sand-flies, 
-a very Egyptian plague, so small as to be nearly invisible, and so painful in their 
bite that a Jersey mosquito cannot compare with them. 

Between the region juist described and the main miountain range is a broad tract 
made up of heavy mountains, with small intervening valleys. East of the Nizao 
River is a high mass extending to the Jaina, in which the Nigua River heads. Again, 
west of the Nizao, a similar ridge runs southward from the peak of Vanilejo, and 
following close to the river it suddenly bends to the westward, carrying some of the 
largest mountains visible on the south side of the range. The principal of these are 
ManaclaA, east of the Nizao, and west of it Baribacoa and loma de los Pinos. These 
latter occupy the position of what Schomburgk calls Valdesia, though on wlhat ground 
I never could learn. His name is not even known in the neighborhood. Amonig the 
southern spurs of Mt. Barbacoa the Bani River takes its rise, and along the upper 
part of its ca'non is quite a good sized little settlement, called Recol, perched on the 
hill sides. The principal occupations of the inhabitants are pig-hunting, and the cul- 
tuie of coffee, for which their steep hill sides are admirably fitted. 

In the valleys of the Upper Nizao, as at Rancho Arriba and Rancho Abajo, not 
to mention a lhundred other spots in this practically unknown region, coffee flourishes 
in a manner almost unknown elsewhere. Mr. Runnebaum reported to me a coffee-tree 
at Rancho Arriba whicn he declared had more than a bushel of ripe berries! The 
whole of this tract is a mass of sharp ridges, broad sloping hill sides, and beautiful 
little nooks on the sides of mountain streams; a district capable of supporting thou- 
sands of inhabitants. The only place permianently inhabited is the valley of Maniel 
on its western region, oni the Ocoa River. The two spots, Ranchos Arriba anld 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



OF SANTO DOMINGO. 79 

Abajo, are simply a house each, used periodically by the pig-hunters. I have seen 
flourishing farms in Oregon infinitely worse off in location, soil and accessibility than 
the average of this region. In 1869, I spent a week among these mounitains in com- 
pany with Mr. A. Pennell and a party of natives. There was nobody sufficiently 
acquainted with them to serve as guide, and we were obliged to pick our way across 
as best we could. Between Maniel and the Nigua there is not a single inhabitant 
and hardly a trail. Pig-hunters' trails penetrate from one side and the other, but 
none cross the tract. The Valley of Maniel is a beautiful little spot of but a few 
thousand acres, shut in by mountains onl all sides, except where the cainon of the 
Ocoa River gives a pretence of a level road. The road from Honduras to Maniel cross- 
es the river only thirty-five times! Of course this means that during the rains this 
route is impassable, and the inhabitants of the valley must cross the mountains 
towards Azua, if they wish to communicate with the outside world. 

West of the Ocoa River the mountains are quite heavy, and send a spur souith- 
ward which reaches entirely to the beach. This spur is low and is crossed by two 
passes, one from Maniel, the other called the Pass of the Kumero, a road ruining 
around the north side of Las Tablas hills. Still a third route skirts arounid the end 
of the range, following the coast, often on the beach. This, though longer, is often 
used in preference to the Nufmero on account of its being much smoother. The 
vicinity of Azua, that is to say, the tract lying east of the town, could hardly be 
more desolate. It is a nearly flat, perfectly dry tract, overgrown with thorny acacias 
and cactus, while thickets of the Maya or hedge pine-apple, render it yet more im- 
passable and unattractive. The whole neighborhood of the town is alike barren, dry 
and thorny. But three or four miles to the southwest, at los Conucos, the character 
of the country changes suddenly and entirely. -This is a level, sandy region, where 
from geological causes, the subsoil at a depth of but six or eight feet is permanently 
saturated with water. Here is the richest sugar-cane region on the Island, although 
it is at same time one of the most unhealthy.. In ordinary years, rain is almost un- 
known here; but when, as occurs sometimes, it does rain, the whole region becomes 
little better than a swamp. 

Back of Azua, that is to say, up to the hills, the same acacia and cactus thicket 
continues, broken only where a miserable little stream furnishing a narrow strip of 
moisture, produces a corresponding change in the trees. On the Agua hedeondo, or 
stinking water, there is a grove of Mango trees, and more remarkable still, the only 
date-palm I have seen on the Tsland. Its rough stem and almost solid ball of foliage 
looked like an old friend, the more welcome because I came upon it unexpectedly in 
the woods. Although so old as to be almost past bearing, its vigorous, healthy ap- 
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pearance was proof abuindant that the climate is not inimical to the plant. This tree 
must be of very great age because, not only do its size and general appearance indi- 
cate it, but a gentleman now over fifty years old told me that he remembered it an 
old tree in full bearing while he was a very little boy. 

Directly niorth of Azua there is a great mass of mounitains lying east of the 
Constanza Pass and northwest of Maniel, entirely uninhabited and practically un- 
known. We have pepietrated it for short distances from various directions, but in 
the absence of all trails or guides, and in view of the almost impassable character of 
the jungle with which it is clothed I have not dared to attempt to cross it. On 
Schomburgk's map are placed several peaks in this region to which we obtained bear- 
*ings, but I have never been able to ascertain how he obtained the data for the heights 
attached to them. So far as I can learnl, after careful inquiry, he did not ascend them 
or even get so near to them as we did; and I cannot believe that Loma Tina is as 
high as his figures make it. So far as an eye estimate will warrant me in the ex- 
pression of an opinion, I do not think it so high as the peak of the Yaqui, although 
it is certainly a high mountain. It is a long slope ending in a point from which 
the opposite side descends precipitously. It is surrounded by many other points 
approaching it in height, say over 6,000 feet, so that it is not so prominent, nor so 
imposing an object as the silver-capped " Rucillo," the father of the two Yaqtiis. 

Unfortunately, the disturbed political condition of the region towards the Ilaytien 
frontier, including all or nearly all of the country to the west and northwest of Azua, 
has prevented us extending our investigations in that direction. Accompanied by 
Mr. Pennell, I have made a single journey aeross the Constanza pass, emerging on 
the south side, almost in view of San Juan; Mr. Pennell had previously visited the 
same part, and afterwards made a boat-journey along the whole coast to the Haytien 
line at the mouth of Rio Pedernales, including a visit to Beata and Alta Vela Islands. 
There trips, meagre as they were, gave us all the information we possess, beyond what 
can be culled from common report and the maps of our predecessors. I have not 
hesitated to follow the map of Sir Robert Schomburgk in detail, in this region, as well 
as to copy the whole of Hayti from the same source, since I found that this map is 
excellent in its main features; very much better than could have been expected, con- 
sidering the circumstances under which it was made; and have consequently availed 
myself of it in this, the only region where our own work did not extend. 

For informationi in regard to the character of the San Juani Valley, I am mainly 
indebted to His Excellency, President Baez, who has frequently described this region 
to me in most enthusiastic terms. From the road between Coiistanza and Azua, there 
canl be seen a broad valley extending to the northwest as far as the eye can reach, 
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bounded by high hills on each side, and occasionally encroached on by a small sptur. 
This valley seems to be nearly level, and its appearance at a distance certainly war- 
rants the glowing pictures painted by all who know it. It is said to be extremely 
fertile. It seems that the dry character of the Azua and Monte Cristi regions does 
not extend to it, and the " Guinea grass" with which it is clothed perennially is said 
to completely hide the animals grazing among it. During the "old Spanish time," 
before the revolt of the colonies, this is said to have been the richest region on the 
Island. 

Myriads of cattle roamed on the plain where now not an animal is to be seen. The 
Government is now gradually resuming its occupation of and jurisdiction over the 
valley, and even as I write, news arrives that San Juan has been made a permanent 
military post. The significance of this step will be apparent when we colsider that 
the place has been abandoned since 1868, or only occupied for a day or two at a time 
by " raiding " parties. South of this region, separated by a range of high hills, is 
another valley which runs uninterrupted from Aztua to Port au Prince.- This is said 
to be narrow, and except at its western end, not so fertile as the other. - In it are sev- 
eral lakes; two of them of considerable size, neither connected with each other nor 
with the sea. Still south of these lakes, is another range of hills, the Sierra Baburuco, 
which form a sort of wall cutting off the southern peniinsula from the adjacent re- 
gions. Mr. Pennell describes this peninsula as a flat region, densely wooded and 
well watered. Mr. Luis Durocher, a very intelligent and well educated gentleman, 
and one unusually well acquainted with most matters connected with his country, 
informed me that this tract is sparsely inhabited by a people most probably the 
descendants of fugitive slaves. He describes them as apparently pure negroes, 
savage, nearly or quite naked, not living permanently in any one place, and speaking 
a language peculiar to themselves,-an almost unintelligible patois of French. It is 
said that the peninsula is full of mahogany, and other valuable woods, almost untouched 
as yet by the axe. 

The south side of the Island is watered by many more rivers than the niorth side; 
but they are smaller and comparatively unimportant. They may be divided into two 
classes: those that take their origin in the central chain of mountains, and those 
that flow from the spurs and subordinate ridges. To the first class, belong the 
Macoris, Ozama, Jaina, Nizao, Ocoa, and Southern Yaqui, sometimes called the 
Neyba. 

The first two of these are the only ones worthy of special note, since they aie 
navigable for a few miles from their mouths. The others are not navigable even for 
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canoes, and are only of interest from the amount of area that they drain. East of 
the Macoris are the rivers Yuma, Puiabon and Soco, small streams winding through 
the plain. Between the Macoris and the Ozama is the Brujueles, a mere rivulet in 
width, but of great length, which has no mouth, but sinks into the plain at a distance 
of several miles from the coast. The Ozama re'ceives two branches, the Yabacoa 
from the east, and the Isabella from the west, both large streams, the latter coming 
out of the mountains near the head of the Jaina. The rivers of the second class, 
those rising at a distance from the main water-shed, are the NignL:a, Bani, Yia, and 
others of less note. Although so much of this side of the island is plain, it is all 
well watered; the traveller need never suffer from thirst, unless perhaps in the vicinity 
of Azua,-where streams are scarce. 

The principal harbors on the coast are the great Bay of Ocoa, well shut in from all 
winds except that from the south; Calderas Bay, an entirely land-locked lake, opening 
to the westward, and furnishing as good a harbor as could be desired, and Santo 
Domingo, a mere roadstead. Vessels here have to lie a quarter or even half a mile 
from the shore, where a good anchorage is afforded, although with but little protection 
from storms. Vessels drawing not more than ten feet of water can enter the river, 
and tie up at the city front. Besides these, there are innumerable little ports, avail- 
able for coasters; the best one of which is Palenque, near the mouth of the Nizao 
River. 

Off the coast are a few islands of but little importance and, except Alta Vela, 
uninhabited. Saolia Island at the southeast corner is nearly crescent shaped, about 
fifteen miles lonig and two or three miles wide. It is flat, densely wooded and abounds 
principally in mahogany, goats, logwood, and mosquitoes. Catalina and Catalinita 
Islands near it, are much smaller, very similar and even less remarkable. Off the 
extreme south point of the southern p)eninsula is Beata Island, very similar to Saona, 
except in size and in being slightly elevated in the middle. It is about three miles 
wide by five long, and is covered with a thorny thicket in which the "cat's-claw ' or 
" wait-a-bit'" vine predominates, to the detriment of the clothing of the unfortunate 
who ventures to explore it. 

Southwest of Beata is the still smaller islet of Alta Vela, a high hill of five or 
six hundred acres, looking at a distance like a ship under sail, whence its name. It 
is noted for a deposit of hard phosphate of alumina, which has attracted various 
persons who have mined here with indifferent success for a number of years. The 
island is entirely without fresh water, the supply being either brought from Beata or 
distilled on the spot. In its neighborhood is a group of naked rocks known as Alta 
Velita, having nothing abotut them, however, worthy of note. 
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PART IL 

GEOLOGIC A L FORM ATIONS. 

CHAPTER IV. 

THE SIERRA GROUP. 

No formation older than the secondary era, has been founid on the Island; the 
oldest group, being the great mass of slates, conglomerates and limestones which 
form its core. These are uptilted and broken by numerous intrusive masses of crys- 
talline rocks which may be, for convenience, grouped under the generic term of syenite, 
since they almost invariably consist of the three necessary minerals, quartz, feldspar, 
and hornblende. 

Flanking the slates, etc., of the Sierra, there is a broad development of Tertiary 
marking all the northern and a part of the southern side of the Island, and this in turn 
is bordered by a more recent deposit of limestones and gravels which I shall call the 
coast formation. 

The SIERRA GROUP forms all of the great mountain mass of the interior, extending 
the entire length of the Republic.* 

It also constitutes the greater part of the Peninsula of Samana, and appears as a 
single little outlier, under the Tertiary, near Puerto Plata. It everywhere shows the 
evidence of active subterranean forces, being not only metamorphosed, with hardly a 
single local exception, but is everywhere much uptilted, and usually, strongly folded. 
Over much of its area, the metamorphic action has been so complete as to destroy the 
traces of stratification, or to so nearly obliterate them, that they are apt to be con- 
founded with cross fractures. This is most markedly the case in those regions, 
especially in the eastern half of the Island, where the rocks take on a serpentinoid 
character. Near Yamasa, for instance, I amused myself on the face of a fine bluff in 
trying to decipher the lines, and found that I could construe them to suit any theory 
of direction of dip desired. The same thing occurs again at Piedra Blanca on the 
Maimon River in the Pr ovince of Vega. 

But enough of the stratification is preserved to show conclusively that these beds 
* And it seems to form at least one, if not both the long peninsulas of Hayti ; at least the appearance of the 

mountains is such that it induced me to draw this inference when, a year or two aigo, I skirted along the coast, a mile 
or two oft shore. The contour and general character of the mountain ranges of Hayti are identical with those of the 
central range of Santo Domingo, - higlh, rough, irregular and heavily wooded. 
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lie in a series of east and west folds, the line of folding and upheaval corresponding very 
closely with the axis of the mountains. The thickness of the deposit is very dilicult 
to determine, since no continuous section exists, where one can be certain of having 
all the beds, and of not being deceived by repetitions. On a very rough estimate, 
not based on measurements, however, but only on the broadest kind of vague generali- 
zation, in the ca'nons of the Ocoa and Nigua Rivers, and again on what I saw of the 
formation in the vicinity of the Pico del Gallo, we might set down the total thickness 
at anywhere between 2,000 and 4,000 feet. It must be understood that this broad 
margin is not the result of want of care in observation, but arises from the almost 
absolute impossibility of finding a reliable section, In one region a group of con- 
glomerates occurs; in another, withini forty or fifty miles these same beds are repre- 
sented by limestone, without a pebble, and on the same strike within another twenty 
miles, neither limestone nor conglomerate is to be found; all is a semi-talcose slate too 
friable to yield a hand specimen, and with no distinguishable stratification. Add to 
this the partial obliteration of character by different degrees of metamorphism, and 
the sometimes total obliteration of bedding, and the reasons of my cautious statement 
must be suifficiently obvious. 

In the interior of the mountains, especially in the western two-thirds, the disturb- 
ance has been greatest, and the reason appears, in the existence of great masses of 
eruptive rock which have pushed up the slates, broken them and in some cases pene- 
trated them by dykes to a distance of several miles from the parent mass. In some 
cases pieces of the wall rock are found iinbedded in the syenite; and pebbles one-half 
syenite the other jaspery slate are not rare. 

In its original state, this group of beds seems to have consisted of a series of clay 
shales, thinly bedded, others more heavily bedded and with layers of sanidstone, coni- 
glomerate, limestone, and heavy bedded sandstones. The changes produced in these 
rocks by metamorphism are almost infinite, On the Ocoa Riiver the shales are so 
nearly unaltered that I have repeatedly searched in this region in hopes of finding 
fossils.- In the cainon of the river they are gray and friable, with an occasional bed of 
sandstone; further sotuth they are red, and give rise to num-erous salt springs; still 
further south they contain more numerous beds of sandstone, and are brown and more 
sandy in texture. These same shales are modified at Recol into a granular, greenish- 
black material resembling an impure serpertine,* while on the Nigua they appear as 
green, gray or brown jaspers with broad conchoidal fiactures, gradually changing 

* A similar change occurs on the north flank of Monte Diablo, California, where I have followed the same bed of 
rock along a series of outcrops; in one place, simple unaltered sandy sbale, giaduially modifying until it became in 
another a nearly pure serpertine. See WhUtney, Geol. Report Cal., vol i. p. 22. 
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again within a few miles to a more serpentinoid form, to reappear as the same jasper 
on the Jaina, and to again change, on the Upper Jaina, and in nearly all the moun- 
tains eastward, into a whitish rock, more or less talcoid and profusely stained with 
iron. On the north side of the island the modifications of the shale are just as great. 
The sandstones also undergo an equal number of variations, appearing of all colors 
from black or dark gray sandrock to a white, granular quartzite. In short, nearly 
every color is represented; and naturally, all degrees of texture from the coarse 
conglomerate of San Jose de las Matas, or Maniel, to the shale above described. In 
one place only did I find siliceous segregations like the chalk flints, or more 
probably, like the corniferous limestones of the New York geologists. In the hill just 
west of Bani the rock is a limestone, and in it are numerous streaks, lying in the 
plane of stratification, of a light brownish limestone, very tough anid breaking with 
an irregular fracture. Near the base of the series, apparently, are strata of coni- 
glomerate, made up of pebbles very similar to those of the surrounding beds. These 
pebbles seem to have been brought from long distances, since they are almost 
invariably rounded by attrition. They are largest on the Upper Ocoa, near Maniel, 
and on the north flat of the range near San Jose de las Matas; but at these points 
they are rarely more than a few inches in diameter. I have endeavored in vain to 
find the probable source of these pebbles. They are certainly not from the adjoining 
beds, although lithological researches were not wanting. They are not derived from 
any deposit encountered by us on the Island, since the conglomerate strata extend 
nearly, if not entirely, to the base of the stratified rocks. It is not probable that 
further examination to the westward, in the yet unknown portions adjoining Hayti, 
or lying within its borders, will develop their origin, since such a discovery would be 
foretold by increase in the size and angularity of the pebbles in that direction. They 
must therefore have been derived from some land then existing most probably to 
the north or northwest of the present island, but now submerged or destroyed. The 
conglomerate is variable in its character and the changes take place over com- 
paratively limited areas. On the north side it is almost always cemented by a 
coarse-grained red sand, the surfaces of the contained pebbles being stained by the 
ferruginous nature of the matrix. This is the rule where the metamorphosis is not 
very perfect. In one place, west of San Jose, the whole mass is rendered nearly 
homogeneous in texture, the fracture crossing matrix and pebbles alike. In another, 
on the Mao River, the whole is changed to a dark olive green, the coloring matter 
having stained even the interior of the pebbles. On the Ocoa, some of the con- 
glomerate is cemented by lime instead of sand, and in this case the pebbles are not 
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so numerous as to be always in contact. This peculiarity gradually chlanges to the 
eastward, so that the conglomerate is represented on the Nigua by a group of beds 
in part pure limestone, in part an impure limestone, containing occasional pebbles. 
This last is the stratum froin which fossils were obtained. 

One bed near Maniel is made up of little grains half as big as an ordinary pea, 
almost uniform in size and with little or no cementing sand. On- the Nigua River 
the limestone acquires its greatest development. Here the metamorphic action has 
been unusually well marked and the formation is represented mainly by limestones 
and jaspers. The stratification also is unusually well preserved, so that a good 
section is attainable. The lime-strata of the Ocoa are apparently all repeated on the 
Nigua, and the conglomerates are replaced by beds containing but few pebbles, the 
matrix being either a pure, or more usually, an earthy limestone. This latter rock, 
at two localities on the river, yields fossils, in a bad- state of preservation for 
extraction, although occasionally recognizable. The shell substance is completely 
crystallized so that it is next to impossible to extract a thick shell in such a manner 
as to expose its surface. Of hundreds of attempts to obtain a specimen of a very 
common Trigonia I have only succeeded once or twice in obtaining a little piece of 
the surface; the fracture always taking place among the crystals of cale-spar into 
which the shell has been cemented. The univalve shells invariably break across and, 
in -a word, the collector has to content himself with the few imperfect fragments 
found weathered out. Nowhere else have fossil mollusca been discovered in this 
formation in Santo Domingo, and only in one other instance have I found any other 
fossil in it. Three or four miles west of San Jose de las Matas I was fortunate 
enough to discover two fragments of the same limestone, being of a dark bluish-gray 
color, on the surface of which can be detected, faintly marked, the stars of a coral. 
Doubtless by means of polishing they can be brought out. These are of especial 
value, being the only traces of corals yielded to us by the formation; unless indeed 
a stray pebble, found on the surface of the ground niear Bani, also containing corals, 
may belong to the same group. Onl the Peninsula of Samana the limestones are 
highly metamorphosed, and here occurs a very curious mixture. In some cases the 
limestone has a few scattered scales of mica imbedded in it; in others the mica is so 
abundant as to form layers, while not infrequently, especially in the eastern part, 
mica slate, alternating with the limestonie, is not an unusual feature. This is the 
more remarkable since it occurs nowhere else on the island, and in only one other 
locality is mica slate founid and there in hardly noticeable quantities. 

With so few, data, it would seem hazardous to venture a determination of the 
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OF SANTO DOMINGO. 87 

geological age of the group of rocks in question. But a careful study of the scanty 
material at my disposal reveals the existence of a serrated oyster, a Trigonia, a 
Turritella, shells resembling Ancillaria, Natica, Pugnelltts (?) and Mactra, besides 
a FuSoid, one fragment that seems to belong to the group of Pterocera, at least it is 
ail alate shell, bivalves that may prove to be Cucullwea and Lima, and better than all 
else a beautiful little Ammonite in perfect preservation, and a fragment that I think 
more careful study will decide to be a piece of a Baculite! From the above list it 
will be seen that there can no possible doubt of the Secondary age of the rocks. The 
Ammonite restricts it so far. The style of the Ammonite besides confines it to the 
two groups of Jurassic and Cretaceous, a determination corrobated by the Trigonia, 
which further belongs to a type much more common in the latter than in the former 
formation, resembling T. Emoryi, Con., 17. Evansana, Meek, and [T. Mooraena, Nob. 
(7. crenulata Roem., not Lam.) In fact I am not sure but that the second of these 
species is also found in New Grenada, wlhence it was previously described by Mr. Lea 
as 7. Tocaimaana,* and that the present one may have to be included under the same 
name. The gasteropodous shells are of but little real assistance, although the Ancillaria 
belongs to a type as yet only known by one or two species high up in the Cretaceous; 
the oldest members of the family being in that horizon. The Naticoid of course has 
but little weight, while my generic determination of the (?) Pugnellus is not sufficiently 
sure to warrant me in availing myself of this really valuable aid. 

The Mactra is not of any great stratigraphical value, and the other bivalves are 
of still less importance. The Baculite, if it should prove to be such, is a little frag- 
ment so imbedded in the matrix that it will have to be developed by grinding or 
polishing, since any other process would inevitably destroy it. It will be thus seen 
that the formation is either Cretaceous or Jurassic, and the preponderance of evidence 
is in favor of the Cretaceous. This receives additional weight from the results of 
the labors of other geologists in the Caribbean region. 

Mr. Robert Etheridge examined a small lot of fossils from the coast of Venezuela for 
the Geological Survey Commissioner of Trinidad, with a view of throwing light on 
the age of a similar deposit in that island, and reportedt "Pteroceras, Cerithium, 
Turritella, Trigonia subcrenalata,4 Ostrea Couloni, Arca, Cardium and Echinus ;" 
observing that "the Trigonia may with certainty be referred to the same species 
obtained at Bogota." 

The Geologists, Messrs. Wall and Sawkins say of the fossiliferous limestones 
* Trans. Amer. Phil. Soc., Philadelphia, 1840, p. 255, pl. 9, fig. 8. 

1 Report on the Geology of Trinidad, 1860, pl. 166. 

t Most probably identical with Lea's locaimaa?na. 
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88 ON TILE TOPOGRAPIHY AND GEOL1OGY 

(p. 34): "Limestones are rare, do not exceed ten to twenty feet -in thickness, are 
extremely compact, and their fossils usually partially or entirely transformed into 
highly crystalline spar." Had they been describing the Dominican deposits instead, 
they might have used the same words. 

In 1860 Mlr. L. Barrett, then colonial geologist of Jamaica, published a short note 
in the Journial of the London Geological Society,* in which he describes the Cretaceous 
deposits of that island and mentions the existence of Inoceramus, Htppurites, NMerinea 
and Bulla,, but does not attempt to fix the exact age. Still later, Mr. Etheridge pre- 
pared a memoir for the geological report of Jamaica,t in which he discusses all of 
the information obtained to date. By a clear and exhaustive examination, he proves 
that the Jamaica Cretaceous is most probably on or very near the horizon of the Gray 
Chalk. The total number of fossils collected by the Jamaican Geologists is 13 species of 
Mollusca, 1 Echinoderm, 5 eorals alnd 1 Rhizopod; but little better luck than we have had. 

Dr. P. Martin Duncan has elaborately studied and described the fossil corals of the 
West Indies,t having had large collections from nearly all of the islands at his disposal. 
He is quoted by Mr. Etheridge as anticipating the discovery qf Cretaceous rocks in 
Santo Domingo on account of some corals from the Miocene of the Cibao, which 
seemed out of place in that formation.11 

From a long familiarity with the " Nivaje shale," which is simply the middle part 
of our Miocene, I am incline to doubt Dr. Duncan's specific determination of the coral, 
rather than accept his conclusion. All of the Cretaceous debris in the Miocene of 
Santo Domingo-and it occurs abundantly-exists as highly metamorphosed pebbles; 
the metamorphic action seeming to have been completed before the deposition of the 
overlying fossiliferous strata. In fact Dr. Duncan himself? is not perfectly sure of 

* Loc. cit. Feb. 1860, p. 324. 
t Appendix V. Geol. Report, p. 306 et seq. 1869. 
t Quart. Jour. Geol. Soc., vol. xix. p. 406, and vol. xx. p. 20. 
I Etlieridge, loc. cit. p. 308, says, "Dr. Duncan lhas also stated his belief that "the Hippurite limestone exists in 

the neighboring island of Santo Domingo, basiing this opinion upon the fact that corals having very decided lower 
cretaceous affinities were noticed in Miocene Strata " in that island. He noticed having found the European lower 
chalk coral Astrocacnia decaphyllia in the Jamaican Miocene; Phylloccenia sculpta, from the Gosau and Uchaux beds, 
was also found in the Nivaji shale in St. Domingo, associated with four other species of Turonier affinities in the 
same shale." 

? P. J. G. S. vol. 19, p. 450. He says: "In the yellow shale there is a ramose coral which, provisionally is classed 
with Phyllocacnia. With one exception its struetural characteristics agree with a very remarkable coral, which has 
been referred to many genera. havinig been called by Goldfuss, Madrepora limbata, by Brown Oculina limbata, by 
M'Coy Gemmnastraa limbata, anid by Milne-Edwards Stylina limbata. Our species has no columella visible, and 
although it is notorious that the little sharp collumellae of Stylince constantly fall out, still I have considered it 
advisable to disregard this and to classify the form with Phylloconia, and to state the probability that other specimens 
will determine the presence or absence of a columella. Another species so closely resembles Phyllocaenia 8culpta 
(Michelin, Zooph, pl. 71, fig. 1 and 3), that it can only be considered a variety with a tile-shaped corallum."I The italics 
are minie. 
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OF SANTO DOMINGO. 89 

the identification, so his prophecy has received a better fulfillment than it merited. In 
saying this, however, I do not wish to be understood as having the least desire to 
disparage the really valuable work done by that excellent student. 

Before leaving this formation there is another subject that merits at least a passing 
notice. Almost everywhere the metamorphosed slates calry quartz veins, sometimes 
barren, sometimes auriferous. These veins are usually small, rarely more than a foot 
or two in width, although one instance occurs on the Upper Jaina River, where a 
width of over twenty feet is attained. In no case have I had reason to suppose these 
masses filled fissures, in the ordinary sense of the term. In every instance where a 
good outcrop occurs, so that its nature could be clearly made out, the quartz is found 
inter-bedded or inter-stratified with the slate, following its contortions and intimately 
united on the sides. In other words they are trule veins of segregation. They are 
most numerous in the vicinity of the injected masses of crystalline rock. They occur 
also quite abundantly in the whitish talcose rock of the main ridge, as for instance, 
on the Bonao road, and againi in the neighborhood of Yamasa. But one strongly 
marked feature has been observed to characterize all of the veins. Those nearest to 
the intrusive rocks are always gold-bearing; aiid those at a distanice from them are 
invariably barren. This has been abundantly proveni by innumerable examinations. 
No vein-mining for gold has ever been undertaken on the island, but I have caused 
numerous analyses to be made of specimens from various localities, always with the 
above results; and further, as a natural influence, every stream running through the 
metamorphic rocks in the immediate neighborhood of masses of syenite carries gold 
in its sands, while all of those running exclusively in the syenites, or at a great dis- 
tance from them, are without the precious metal. Thus the Nigua and Jaina Rivers 
are barren at their heads, but immediately on entering the slates they and all of their 
tributaries are gold-producing. The upper waters of the Nizao, Ocoa, and their 
upper branches carry gold, while the Majoma, entirely in crystalline rocks, is barren. 
Not to multiply examples, the same may' be said of all the north face of the Cibao 
range, west of Santiago, while east of Vega in the north, anid east of the Jaina River 
on the south, that is, east of the eruptive iocks, no gold has ever been reported. 

It is also in this formation that the little copper of the Nigua and the fine iron 
deposits of the MIaimon occur. These will be described in detail in their proper 
places in connection with the description of the local geology. 

at. 1'. S.--VOrr. VX:V. W . 
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90 ON THE TOPOGRAPHY AND GEOLOGY 

CHAPTER V. 

INTRUSIVE ROCKS. 

The Cretaceous rocks which form the basis of the Island are elevated into a series 
of folds and undulations by an immense mass of granitoid rocks, which appear as a 
"massive eruption "* occupying the heart of the range arid forming a belt, sometimes 
entire, but more usually consisting of. two, three or more parallel lines. Although 
the Pico del Yaqui is enltirely composed of this rock it is the exception rather than 
the rule to find it making up the higher points. It seems to have forced up the meta- 
morphosed slates in great masses, and shows itself at their bases or along their flanks, 
exposed as often by denudation as by actual outflow. Its general direction is much 
more to the northwest, as a whole, than the axis of elevation of the chain; so that 
although its western half coincides with the trend of the mountains its eastern end 
bends far to the southward. This eastern end also covers a greater width than any 
other part, extending continuously or nearly so from the head of the Jaina to fIar 
down on the Nizao. In the mountains northwest of the Peak of the Yaqui the 
eruption has taken place along three parallel lines, throwing up the slates into the 
high summit-ridge to the south, and making two marked synclinal axes, on the edge 
of one of which is the tall Pico del Gallo. The most northern of these exposures is 
quite near the northern base of the range, and it is more than probable that this is 
due to denudation, since the slates, although uptilted at high angles, are inot raised 
to an altitude at all comparable with those further south. 

On some parts of the margin of the eruption the overlying rocks have suffered 
much fracturing, and the subjacent molten matter has been injected into the fissures, 
sometimes to a distance of several miles from the nearest surface exposure of the 
parent mass. This is notably the case on the Jaina and Nizao Rivers. On the former 
stream, at and even below the mouth of Madrigal Creek, the jaspery slates are seamed 
with dykes of all sizes from a mere thread up to many feet acr oss; while the nearest 
exposure of the mass is near Catare, eight miles further up the river. So on the 
Nizao, dykes occur almost as far west as Maniel, while the western margin of the 
main eruption is between the Nizao River and its tributary, the Majoma, which enters 
it from the east. 

A remarkable feature of the intrusive rocks of Santo Domingo is that, although 
all are of Tertiary age or at earliest, some of them mav date back into the latest 

* Richthofeni, Natural System of Volcanlic Rocks, p. 9. 
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OF SANTO DOMINGO. 91 

epochs of the Cretaceous, while the newest are even more modern than the Miocene, 
they are similar in composition and in all their leading features to what have hereto- 
fore been considered peculiar to older geological periods. Richthofen* dwells at 
length on the idea that granites and " granitic rocks," as well as " porphyritic rocks" 
are almost exclusively palaeozoic, quoting as a modern instance of the latter, the 
Liassic age of some outflows in the Sierra Nevada of California. t 

The same author uses the fact of the eruptioil taking place durinig or subsequent 
to the Tertiary as one of the characteristics in his description of " Volcanic rocks," 
from which he strictly excludes all forms similar to those found in Santo Domilngo. 
The oldest eruptions here must have taken place after the depositionl of the Cretaceous; 
but siince we are not yet able to decide the exact position in the scale for our Cretaceous 
strata we are equally unable to determnine the earliest possible epoch at which such 
eruptions could have taken place. It could not have been earlier than the period of 
the White Chalk of Europe (Senonien); and the probabilities are in favor of their 
occurrence during the long Eocene period. Ample proof exists that the main range 
acquired its present contour and nearly its present height, that the eruptive rocks had 
appeared, and that the metamorphism of the Cretaceous was completed before the 
deposition of the Miocene began. But another point yet remains not less remarkable 
than the first, when examined in view of this theory. The Monte Cristi ranige is 
composed, with one or two insignificant "local exceptions, of Miocene Tertiary. Its 
elevation could hardly have taken place before the Pliocene, and possibly was not 
completed until late in that era. Near the stummit of the range, for a distance east 
and west of forty or fifty miles, dykes are not rare, and some of them are of con- 
siderable size. These dykes ar e composed of a rock not only having a general riesem- 
blance to that of the Cibao range, but I have collected hand specimen's north of 
Macoris which would defy the most practiced eye to distingutish them from portions 
of the main central mass. Not only do they contain the same minerals, but those 
minierals are combinied in the same manner and proportion, and the general appearance 
of the two are the same. Yet it must be borne in mind that the Cibao rocks cannot 
be later than the Eocene, while those in the Monte Cristi rang,e cannot be older than 
the Pliocene. The whole Miocene period intervened between the two sets of eruptions, 
and still a uniformity of character was retained. Nor can the objection be raised 
that the resemblance is only a partial one, due to a second eruption in the Cibao 
range synchronious with the dykes further north. It is not impossible that sucll was 
the case, although I have never seeni aiy reason to suppose so; but granting it, all of 

* Loc. cit. pp. 9, 35, &c. 

f Loc. cit. p. 41. 
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92 ON THIE TOPOGRAPIIY AND GEOLOGY 

the eruptive rocks of the range have so strong a family likeness that the objection 
falls to the ground. 

The resemblance that runs through all the intrusive rocks of Santo Domingo is 
much more marlked than would be anticipated over so large an area. Little or no 
true granite exists, but in its place occurs syenite, varying in the size of -the crystals 
and in the proportion of admixture, but in almost every case a compound of recog- 
nizable grains of quartz, feldspar and hornblende. Usually the material is so grouped 
that one ingredientt preponderates but little over the other, and the mass presents the 
ordinary mottled-gray appearance. But occasionally one mineral increases at the 
expense of the others, or perhaps disappears entirely. On the Jaina there is a locality 
where the rock contains large crystals of hornblende, the.interspaces being filled up 
with smaller ones of quartz and feldspar. In some of the specimens collected by 
me the hornblende is almost the only mineral visible. Mica rarely occurs, but in the 
same vicinity is another locality where a yellow rock is composed exclusively of 
quartz and mica, and yet another which yields a mixture of quartz and feldspar only. 
These, however, are very trifling local exceptionis and form but a small percentage of 
the whole. For more detailed descriptions of the variations which these rocks 
undergo, I must refer the reader to the descriptions of the local geology. 

Besides the granitoid rocks, there remains onie other yet to be described. In the 
mountains north of Bani there is ani outflow of porphyry, which I have never suC- 
ceeded in discovering, although I have at various times encountered, perhaps in all 
half a dozen, pebbles and boulders in the river. The rock is a dark-brown or black 
paste, in which are embedded crystals of feldspar an inch across. Despite three 
years of conistant, careful search I have niever founid this or any other true volcanic 
rock elsewhere on the Island. 

An instance of the uniformity of the geological phenomena in the Antilles occurs 
in the fact that similar rocks ejected at about the same period are found also in 
Jamaica. The geological report of that island describes "metamorphosed secondary 
shale, sandstone and conglomerate" underlying undoubted cretaceous beds cut 
through -by "dykes of intrusive diorite syenite and granite." 
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CHAPTER VY. 

MIOCENE. 

All of that part of the Island which lies north of the Cibao Mountains, except a 
part of the peninsula of Samnana, is made up of Tertiary rocks, usually bordered by 
a narrow strip of more modern age. They also form one or two insignificant de- 
posits on the south side about San Cristobal and the Nizao, and are said further to 
cover a part or all of the valley of the lakes running to Port-au-Prince in Hayti.* 
The work of the geological survey not having extended to the latter region I shall 
confine my observations to the others. 

The district covered by this formation in the north, including its extension into 
Hayti, towards Cape Haytien on the west, and into Samana and south of the bay 
east, is little less than 150 miles long, although, cutting off these prolongations, it 
forms a compact area of about 100 miles long by 30 miles wide, or say, in round 
numbers, about 3000 square miles. It abuts against and even overlaps the lower 
foot hills of the central chain, underlies the whole valley of the Yaqui and Yuna, 
makes up the entire northern or Monte Cristi range, and sends others along both 
sides of Samana Bay. In the south it forms a little group of hills extendinlg from 
near the Jaina River across the Nigua, and thins out in a few isolated patches 
towards the Nizao. Its total thickness in the vicinity of the Nigua River is about 
400 feet, and it is made up of a succession of brown earthy and sandy beds, occasion- 
ally calcareous, superposed on a thin stratum of conglomerate. The top of the 
series is a rather compact calcareous deposit containing corals. The fossils, except 
the corals, are usually badly preserved and very meagre in species; a small oyster, 
two species of Pecten, and some echinoderms being the only recognizable forms. 
Besides these, a few internal casts of gasteropod shells have been discovered. The 
corals are so imbedded in their matrix that they can only be collected satisfactorily 
when they are weathered out, and this same process of weathering is only too apt 
to destroy the delicate struieture of their surfaces. They are however nearly all of 

* Quart. Jour. Geol. Soc. Lond. vol. IX. p. 116. 
Dr. Dickson, of the U. S. Steamship Swatara, kindly presented me with two or three fossils, too imperfect for 

determination beyond the facts that they are new to mie, and that they are evidently Tertiary. He brought them 
from Azua, but did not know their exact locality. 

A. P. S. -VOL. XV. X. 
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the massive forms, and are so thorouglhly fossilized as to be well adapted for 
polishing. 

But while the formation is so small in area anid so unsatisfactory in general char- 
acters on the Santo Domingo side, it becomes, in the Cibao, the most initeresting on 
the islanld. Cut through by all the tributaries of the Yaqui the sections are 
numerous and excellent for study. Its local modifications are well illustrated by 
sections innumerable, into and across the Monte Cristi range on one side, and into 
the southern hills on the other. In short, it woluld be difficult to find a region where 
the facilities fuirnished to the geologist are greater, or where the results cotuld be 
moore certainly arrived at. Add to this that a larger part of the formation is highly 
fossiliferous, and that the fossils, whether shells or corals, are almost always pie- 
served entire and hard; as beautiful as the famous fossils of the Paris basin, o01 as 
the less known though equally beautiful specimens from Jackson, Mississippi. 

The entire thickness of the formation in the Cibao is probably over 1500 and 
under 2000 feet. It is made up of coarse sandstones at the base, sometimiies bearing 
beds of conglomerate, which are however ratlher local in extent. These beds are 
best developed between the Bao and- the Yaqui, where, beinig uptilted, their thick- 
ness is best seen, anid are ab'out 600 feet thick. They gradually merge into gray 
shales, which form a transition to the heavy blue shale beds underlying the town of 
Sanitiago, and called by the English Palieontologists the Nivaje shale. The upper 
part of this member is always of a light yellowish browni or buff color and sonme- 
times, especially at its upper part, contains beds of sandstone. The whole of this 
shale member may be safely estimated at about 800 feet of average tlhickness. The 
remainder of the formatioln, say 400 feet more in all, varies locally. It caps the 
greater part of the Monte Cristi range, and while, north of Moca it forms high bluffs 
of a nearly white earthy rock, in which it is doubtful whetheer the argillaceous or the 
calcareous ingredients preponderate, it for ms north of Esperanza slheets of a compact 
limestone, which, less pure, forms the cap on the isolated table-mountain of Monte 
Cristi. Near Cevico it appears as an impure lime-rock containing corals and 
foraminifera, and similar beds occur also on Saman?a and south of Savana la Mar; 
while the caves of San Lorenzo, in the same beds, are in a hard, coarse-grained, 
calcareous sandstone. Nor do the variations cease here. Near the mouths of the 
ancient Miocene rivers running from the then much smaller islands IIow constituting 
the Cibao Motntains, and among which the Mao was probably the largest, the 
gravel debris of these streams was deposited, occasionally alterniating with a bed of 
coarse sandstone, synchronouisly with the for mationi of the coral reefs and beds of 
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fine white mud which lnow glistens in the sun on the top of the Monte Cristi range. 
We have thus an ideal section as follows: 

White calcareous marl, north of Moca; white or light brown linmestone (I" Tufaceous E4 
limestone" of Heneken); light brown calc sandstone, San Lorenzo Bay; gravels of X 
Mao and Savaneta; limestone of Samana, San le Mar, Cevico and the north face of X 

the Samba Hills; oyster beds of Samba Hills, south of Guayubin. 

Brownish or yellowish shale of Guayubin; conglomerate of Angostura of the w 
Yaqui; saindstone strata near Santiago; dark blue shale of Santiago; gray shale l 

with beds of sandstone of Rio Verde and in the hills north of Moca. 

Coarse gray sandstolne with some conglomerate; seen best ill the hills south and X 
southeast of Santiago; also in a few places in the north range. 

These three members are so intimately U*nited that their separation is purely 
arbitrary. Beds of sandstone are found in the shale; anid beds of shale extend far 
down into the lower member. Very few if any fossils have been found iin the sand- 
stone, though the gravels of Angostura yield shells abundantly, in connection with 
fragments of fossilized wood. The same species of fossils occur in all parts of the 
series, and I have collected from a bed of sandstone at the very summit of the Mao 
gravel a series of shells identical with those imbedded in the rocks of the "non- 
fossiliferous sandstone" plain* east of Guayubin, and which are found abundantly 
in the blue shale of the Gurabo, Amina or Verde. 

* All the information previously possessed in regard to the Santo Domingo Tertiaries was derived from a Mr. T. 
S. Heneken, who sent to the Geological Society of London a valuable collection of fossils, which formed the basis of 
some excellent papers by J. Moore, Geo. B. Sowerly and Dr. Duncan. Unfortunately the notes accompanying the 
specimens were not so valuable as the collection, and for the reputation of their author had better have been omitted. 
It would be a thankless task for me to attempt to discuss in detail the paper (Quart. Jour. Geol. Soc., vol. 9, p. 115, 
et seq.), which is the most extraordinary tissue of incorrect observations and false deductions I have ever encoun- 
tered. A reference to the sections accompanying this memoir will show that his " red sandstone" existed only in 
his imagination. It seems to have been made up of the heavy beds of Miocene sandstone south of Santiago, which 
however are gray, not red; of the nlearly horizonal beds of Mao gravel which cover the plains about Savaneta and 
perhaps also of the low-dipping strata of metamorphosed cretaceous coniglomerate near San Jose de las Matas. At 
least I cani find no better explanation after a two years' search. It is very certain that the strata forming the middle 
of the valley, given in his sections as " non-fossiliferous red sandstonie, underlying the Tertiary," are usually high up 
in the series; blue shales at Santiago, light-brown shales between Esperanza and GuayubiD, and his " Tufaceous 
limestone " at some points south of the river! 
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96 ON THE TOPOGRAPHY AND GEOLOGY 

Fossils are not regularly distributed either vertically or laterally, but seen to occur 
in colonies. The blue shale bluff under the'city of Santiago, sixty feet high from the 
level of the river, does not show a single streak where they are ever abundanit enough 
to repay the trouble of hunting, although isolated shells occur throughout. At Punlal 
but a few miles off near the Rio Verde shells and corals abound. The same irregu- 
larity exists throughout, and although there is but little change in the species of the 
mollusca in their vertical range, there is a marked differenlce between the eastern and 
western ends of the basin. Shells that are absenit or scarce on the Verde are coinmon 
on the Gurato and westward, and vice versa. The corals found in the shale are almost 
always of the cup forms, while the massive corals are almost exclusively confined to 
the upper beds anid aire particularly abundant on the north flanks of the Samba hills. 
In all the shale beds and to the extreme top of the series foraminifera occur, and in 
some places are found in great numbers. They are not very numerous in species, 
probably not exceeding half a dozen. The Orbitoides ranges throughout all the 
strata and is not only found wherever any other fossil occurs but is often, especially 
in the higher beds the only recognizable organic remains. It has more than once 
proven of great value to me in distinguishing these limestones from the overlying 
Post Pliocene calcareous beds. 

With one or two small exceptions all these rocks are entirely unaltered. On the 
southern limit in contact, or nearly so with the underlying cretaceous in the vicinity 
of the Bao River and on the Yaqui, the coarse sandstones are slightly modified, though 
still retaining their stratification and mechanical structure unchanged. On the Yaqui 
at Tabera this rock is highly uptilted and slightly contorted as will be seen by refer- 
ence to the description of the locality. Also in the naorthern range a similar slight 
metamorphism occurs southeast of Puerto Plata. 

The geological age of the West Indian Tertiaries has been so thoroughly and ably 
discussed, and by such competent authorities that it might seem unnecessary for mc 
to reopen the subject. J. C. Moore,* Geo. B. Sowerly,t Dr. P. M. Duncan,$ R. J. 
L. Guppy,? Robert Etheridge, 11 and Sir Robert Schomburgk,? have all contributed to 
the general funid of our knowledge, and have unanimously agreed in placing the 

* Quart. Jour. Geol. Soc., Vol. IX., p. 129, and previously in 1850, loc. cit., p. 39. 

t Loc. cit., p. 44, et seq. 

X Quart. Jour., Vol. XIX., p. 406, and Vol. XX., p. 20. 

g Id., Vol. XXII., p. 281, et seq. 

II Geological Survey Report, Trinidad, App. J., p. 161, and Geological Survey Report, Jamaica, App. V., p. 311. 

H list. of Barbadoes, p. 531, et seq. See also Nelson in the Bermudas; Tranis. Geol. Soc., 2 Ser., Vol. V., part 
1, p. 103; and on the Bahamas, Quart. Jour. Geol. Soc., Vol. IX., p. 200. 
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OF SANTO DOMINGO. 97 

greater pait of the fossiliferous strata, including all the Santo Domingo beds in the 
Miocene Tertiary. 

Shortly after the appearance of the joint paper by Moore and Sowerby, Mr. Conrad 
published a short note,* having more particular reference to the Vicksburg deposit in 
Mississippi, asserting that he found an " analogy," and even adding " whether all the 
forms in this group in St. Domingo are synchronous remains to be proved, but the 
probability is that they are." He claimed to have identified three species as occurring 
in the two regions; his determinations being based oIn Sowerby's figures. My own 
camparison of specimens completely disproves eveen this. There is not more than the 
ordinary generic resemblance. But I have found a single species in common-his 
Ficus Mississippiensis. Even were there a dozen it would be poor proof of synchro- 
nism. He explained the small number of common species by the geographical 
dissimilarity. 

But still later he repeats the assertion of the Eocene (" Oligocene ") age of the 
Santo Domingo beds in such a categorical manlner as to demand an equally pointed 
refutation,t the more especially since Mr. Conrad is the oldest and best informed of 
the authorities on the American Tertiaries. 

In view of this expression of opinion being so evidently only a mere guess, I 
should have disregarded it and have quietly acquiesced in the opinions of my pre- 
decessors were it not for the nLmerical richness of the collections I have been able to 
make, and which have doubled the number of species known to exist in the Dominican, 
if not in the West Indian Tertiaries. 

In 1849 Mr. Heneken sent his first installment of fossils to London consisting of 
"fishes' teeth, a crab, 84 species of Mollusca, an echinoderm, 18 species of coral, 
numerous foraminifera, dicotyledinous wood." The mollusca on being critically 
examined by Messrs. Moore and Sowerby, and compared with recent a-nd fossil species, 
gave 13 living species, 2 doubtful, and the remainder extinct; or a percentage of 17 
to 19 with a greater resemblance to the EIuropean than to the North American 
Miocene. The other remains also corroborated this result at the same time. "Mr. 
Sowerby was much strtck with the resemblance of many of the shells to recent species 
inhabiting the seas of China, Australia and even the western coast of America." - In 
1853 Mr. Heneken added another collection to the first which raised the number of 
known species to .163 mollusca, of which 127 were gasteropods, and 36 bivalves. 

* Proc. Phil. Acad. 1852, p. 198. 

f See Siiiithsonian Check List, Eocene and Oligocene fossils of N. A. (Sm. Misc. Collection, No. 200), p. 37, where 
he simply says: " The Oligocene has been found in St. Domingo, &c." 

A. P. S.-VOL. XV. Y. 
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98 ON TIlE TOPOC. R.A PHY AND GEOLOGY 

This collection confiramed the results derived from the previous one, except that the 
percentage of living species was reduced to 8 or 9 per cent. according to Mr. Moore, 
wh4o sums up the results as follows: 

" lst. These beds contain Mollusca of which from 8 to 9 per cent. are now living. 

" 2d. The recent species are principally living in the adjoining seas. 

" 3d. Many bear a strong resemblance to shells now living in the IndiaD seas and 
the Pacific, and one or two appear to be identical. 

"4th. None are identical with American fossil shells, except two, both of which 
are also recent. 

"5th. The fossils which present the nearest analogies as a group are those of 
Malta and Bordeaux in Europe, and the Upper Eocene beds of South Carolina." 

In Trinidad the collectionls were made incidentally and apparently with little care. 
On being submitted to Mr. Robert Etheridge, the able Palveontologist of the British 
Surveys, that gentleman found 8 species of corals, 1 echinoderm, 2 annelids, 3 
cirrhipedes, 2 crustacea, 64 mollusea (38 gasteropods, 25 bivalves, and 1 polyzoon) 
and 3 fishes. Of these, 15 species are in common with the formation in Jamaica. It 
is to be regretted that Mr. Etheridge did not make out a specific as well as a generic 
determination, as a comparison with the Dominican series would have been instructive 
and interesting. He says of the " Newer Parien " which includes the above " Caroni 
Series ;" "the fossil remains of this deposit resemble those of the Falunien or Miocene 
age." 

In 1866 Mr. R. J. L. Guppy published a valuable paper on the Miocene fossils of 
Jamaica,* in which he describes 61 species, many of them previously unknown. My 
collections show that of the 61 species, all but 4 are also found in Santo Domingo.t 
Mr. Guppy acquiesces in the general results arrived at by Mr. Moore, but differs from 
his fourth proposition so far as to identify the Petaloconchus, with Lea's species, sculp-. 
turatus. He says " among the new facts brought to light is the very remarkable 
resemblance of a portion of the West Indian Miocene fauna to that of the Maltese 
beds." A resemblance which however had beein noticed before by Moore. His nmost 
important generalization is a provisional classification of the Caribbean Tertiaries. 
" From my examination of the Jamaica fossils I am of opinion that with the middle 

* Quart. Jour. Geol. Soc., Vol. XXII. p. 281. 

t I have not yet found Cyclostonia bicarinata, Neritina Woodwardi, Venus Woodwardi, nor Cardium incon- 
spicuum. 
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OF SANTO DOMINGO. 99 

Tertiary beds of Santo Domingo and Cuba, those of Cumana (Venezuela), and the 
Caroni series in Trinidad, the Miocene of Jamaica is to be considered as representing 
the upper or later pait of the West Indian Miocene as at present known; wh'ile the 
chert formation in Antigua; the Anguilla beds, and the beds exposed at San Fernando 
in Trinidad belong to the lower or oldest part of the Miocene." Or as tabulated by 
Etheridge* it stands thus: 

"Middle Tertiary Series of St. Domingo 
Cuba 

" " " ("umana Later or Upper Miocene. 
Caroni " 

Trinidad 
Miocene " Jamaica 

Chert formation of Antigua 
Anguilla beds Older or Lower Miocene." 
San Fernanido beds, Trinidad 

"Not," as Mr. Guppy observes, " that these divisions should be received as being 
absoluttely equivalent .to the lower and uipper Miocene of Euirope, but merely as marking 
what seems to be the relative antiquity of the Middle Tertiary or Miocenes of the 
Western or Caribbean area ;" and "the connection between the formations found in 
all the localities mentioned could only be shown by a general table, including all the 
known species from those localities." 

The next author who wrote on the subject was Dr. Duncan, in the 2lst and 22d 
volume of the Geological Society's Journial. Beyond the mere describing of species, 
his results are mainly valuable in confirming the middle Tertiary age of the forma- 
tion, and in corroborating the synchronism of the various deposits. 

For the Geological Suirvey report of Jamaica (1869), Mr. Etheridge contributed 
an article (Appendix V.) by far the most elaborate and valuable contribution yet 
made, to our knowledge, of the subject in question. He availed himself fully of all 
the information accumulated by his predecessors, and appended a table of the dis- 
tributioni of all the known fossils of the Caribbean area, and their correlation with 
those of Europe. Exclusive of crustaceans, radiates, etc., this list contains the 
names of 152 species of Mollusca and exhibits their geographical range and geological 
position at a glance. The Santo Domingo beds have yielded us more than twice 
that number, and, practically, all that have been found in Jamaica, thereby establish- 
ing beyond controversy the identity of the formation in these two islands at least. 
The present collections have so materially changed the correlation between the fossil 
and living faunae that it is necessary to do the greater part of the work over again. 
With the object of showing these relations in as intelligible a form as possible, I 
have prepared the followinig table. 

* Jamaica Report, p. 312. 
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100 ON THE TOPOGRAPHY AND GEOLOGY 

LIVING. LIVING. 

4a 
c Ca . .. 

Diacria ....... I Torinia ....... . 1 
Ballant.....i 1 ......... i 1 Co nus ....... ....... - 9 3 1 1 {l Moc.n ?lrp 

Planorbella ...... . .. 1 ..... Strombus . .. .. .. . .. 3 
Atlanta ....... 2 Orthaulax ...... 1 
Murex ............. 4 |1 |1 | lDolophanes *-......| 1 i||(1Pcfc 

Muricidea ...... 3 Cypraea ............. 3 1 Atlantic aud Pacific. 
Typhis ............. 2 Pustularia ......... 1 Pacific. 
Fusus .............. 2 Cansellaria ........ 3 1 2 
Hemifusus ............ 1 Cerithium ......... 17 
MIelongena ......... . .. Everywhere 1. Cerithidea ............ 1 
Metula .............. 1 Triforis ....... IUL. S. 
Metulella ...... .; .. 2 Bittium ......... .. .... 3 
Turris ...........E. 14 1 1 Modulus ........... I 
Glyphostoma .. .. ... 1 ... Turritella ....... . 2 1 
Cordiera ............. 2 Vermetus ...... 1 
Borsonia ............. 1 Petaloconchus... 1 forlsil 'LT. S. 
Mangelia .......... 4 Cacum ............. 2 
Tritonium .......... .. 1 2 1 Onustus . ....... .... 1 
Distortio ........... 1 Phoras ............ 1 
B ursa .............. 1 Crucibulum 1 
Phostl.o .............. o 1 TrochitaMioc p ? 
Nassaria ............. 1 Cypta ........ 1 
Ectracheliza .... . . . . 1 Capulus . ..... 3 
Cyclops .......... 2 Neritina .1 

Harpa ..x. . 4..... 1 W C., Afria. DTluprboh.ae... . 1 1 P 
Oliva. .3.Cy. 4 .31 1 ? Patific. lAtracific1 
Plochelsea . .. ustra....... 1 Pcc.2 
Fasciolaria ........ 2 . (1 ? West Indies- Adeorbis .............. 1 
Latirus .......... 4 .1 'Umbonium ............ 1 
Turbinella . .....2... . l Calliostoma........ 1 
Vasum . ..... 1 1 Cihi um.1a 1 
Lagena ....Ee... 1 Margaritad........... 1 
Scapha . ..... 1 Lucapina 1 U. S. 
Lyelia .. 1 Dentalium ......... 5 
Mitra .. 14 1 1 Gadus 1 
Marginella .. 2 1 Scurria ...2. 1 
Strombina .. 2 6 Nacella . ........ ? 
Cassis ......... 1 taon1 ............con 2 1 also fossil inEng- 
CTassidart a .. 1 1 Octeonidea. 1 land. 
Cyprteoassis Cy1iPho . . 1 
Cassidea ....... 1 C ylichnella 1 
MPos . . 1 Tomatina. 1 
Malea .. .... 1 Cypta. .1......... 
Ficus trache ..1 1? Bulla. 2 
Naticayc ... 2 Nartsina. .1.... ? 
M1ammilla; ...... 111.... . 1 Kuphus ......... . 1 
Amaura .. .. .1 E t roellia.1 ... R li 
Scalaria .... 1 .North America. TSliqua ........... 1 
Terebra . . 4....... 2 1 i sBothrocorbula ...... 1 
Obeliscus .......|.l 1 1 Corbula. 2 2 
Ringicula ..a.. 2(?... West Indies A deor 1 
Turbonilla .. 4 CNeera lliostom1 2 
Auriculina ...... 1 lucPandora. 1 
Aclis . -............ I Mactrella .... ........ ...l1 
Eulima .........1... 1 TJ. S. 

Margnestha.2.... eln.. 1 Scuria1 N.A 

Niso ...1 A|.. 2 1 aS fossil nNg- 
Copsis .......|... 1 1 Strigilla . .....1 
Architectonicaa . .... 1 Tellidola .......... 1 
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OF SANTO DOMINGO. 101 

LIVING. LIVING. 

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

GENERA. P.4 GENERA. i a P 

Donax ....... 1 Lithophagus . ...... |1 1 
Venu t 4s 1 Pacific. Avicula 1 Brazil. 
Chione ......... . .. .. 1 2 Arca 3 2 
Callsta . A.....in..2A xia . 2 1 1 
Caryatis ............. Limopsis........ 1 
Cyclina ............. 1 Ncula. 2 
Cardium ............3 1 Leda 1 
Chwna ..a...... 2 Yoldia . 1 
Lucina ............. 1 5 1 of W. I. fossil in Pecten ............. 6 1 1 Europe. 
Loripes ............ 1 U. S. Miocene. Janira............. 1 
Mysia. s ............ 2 Pleuronectes .......... 1 
Erycina ............ 1 Spondylus ........ . 1 1 
Gouldia ............ 1 Plicatula .......... . 1 
Crassatella .... 1 Anomia . . 1 
Cardita ......1 Ostrea ..1........... 2 
Crenella _. ..... I 1 __________ __ ____ __________ 

It is but just to myself to add here that all of this memoir except the Palaeon- 
tology, was written in Santo Domingo, and that this table, the last part prepared of 
all, has -surprised me with the very unexpected results it offers. According to the 
rule proposed by Lyell, I should prollounce the fossils Pliocene. But the presence 
of several antique types among the genera disinclines me to the step. With two 
hundred and seventeen supposed extinct species and ninety-seven known to be living, 
the only change that can take place in our proportion is the transfer of some of the 
former to the latter category. Many of the new species are minute, and they may 
yet be discovered living. Should such detailed examinations of the coast of Santo 
Domingo ever be made as that in Cuba, of which we have the results in La Sagras' 
fine work, doubtless many of our small fossils would be discovered. On the other 
hand, students less conservative than I have endeavored to be, may find real or 
fancied specific differences between the fossils and the recent species with which I 
have associated them thereby modifying the proportion in the opposite direction. 
But in either case, the change cannot be a large one. We will always have about 
30 to 33 per cent. of living forms. Lyell fixes from 35 to 50 per cent. as the pro- 
portion of the Pliocene, and says of the standard Miocene:-that of the Loire and 
Gironde contains but 17 per ceint. We are therefore at or near the top of the 
Miocene. I do not yet know how far a sttudy of the fossil-radiates of the collection 
would influence these results, but, numerically, they are comparatively unimportant. 

I have not thought it necessary to repeat the tabtulation of the distribution of 
fossils among the variouis islands. Except that I would include nearly all the 

A. P. .-VOL.' XV. Z 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



102 ON THE TOPOGRAPHY AND GEOLOGY 

known species of Jamaica, as stated above, and a few of the later-described species 
of Trinidad, there would be nothing to add to the table of Etheridge and Guppy. 
The most striking feature of the above table is the large number of species it con- 
tains which have survived from the Miocene seas, only on the west coast of the 
Continent. Another feature which it does not show is that already noted by 
Sowerby, of the marked Oriental type of many of the extinct species. The resem- 
blance between many of them, like Metula cancellata, Onustus imperforatus, Lyria 
pulchella, and others, to their congeners in the Easterni seas is at least very 
suggestive. 

So much has been said about the coal of Santo Domingo that it is necessary to 
refer to it more explicitly than circumstances would otherwise warrant. Throughout 
the country, wherever the upper parts of Miocene are found, there are small beds of 
an exceedingly impure lignite. It occurs in the brown shales at a number of points 
along the Cibao Valley, at Garabitos near San Cristobal, and on the peninsula of 
Samana and in the Mao gravel near Savaneta. In no case do the seams exceed 
three or four inches, and in nio case is the material more than an imperfect lignite, 
earthy and crumbling readily on exposure to the air. In a country like Santo 
Domingo, where the demand for fuel is so limited and the supply so extensive, a 
coal must be of extraordinarily good quality to warrant mining. In that case it 
might be made available for sea-going vessels or for export. It could never be 
much in request for home consumption, and unless sufficiently good for export it is 
necessarily valueless. 
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OF SANTO 'DOMINGO. 103 

CHAPTER VII. 

POST PLIOCXNE, OR COAST FORMATION. 

A large proportion of the coast is fringed by a formation much more modern than 
the preceding, usually as a narrow strip, though in some places extending back several 
leagues. West of Azua only does it run into the interior, covering in this case at 
least a part, possibly the whole of the San Juan Valley, and not improbably a portion 
of the valley of the lakes. This, which may be called the coast formation, consists of 
limestones, the debris of old coral reefs, shore gravels brought to the- coast by rivers 
still existing, beds of conglomerate resulting from the solidification of the last member, 
and lastly, argillaceous and sandy beds having the same origin but owing their finer 
texture to the greater distance fiom their primary source. 

Aloncg the whole north coast the formation is represented exclusively by the lime- 
stone, usually horizontal, though occasionally having a very low seaward dip. This 
inclination is most marked east of Puerto Plata, and especially about Cabarete where 
reefs and shoals run out many hundreds of feet, striking parallel with the general 
trend of the coast and dipping at angles often not higher than 5?, and rarely as high 
as 10. At the easterni end of Samana, at Puerto Frances, there is a little horizontal 
patch raised but a few feet above the sea level and bearing the brunt of the Atlantic 
waves. It is honey-combed, caverned and worn into points and pinnacles so sharp 
that it is difficult to walk on the parts left bare by the waters. At one or two points 
on the northern coast of the same peninsula, as for instaiice at point Cabron, the blue 
Cretaceous limestone is broken down into angular fragments, such as would fall from 
the face of a cliff, and are recemented by a stalactitic cement of this formation usually 
of a pinkish color, making a pretty contrast. In the same vicinity wherever this 
br eccia does not occur the whole rock is more or less of the same color, although on 
the southeast coast between Puerto Frances and Cape Balandra it forms bluffs inland 
of a nearly pure white rock. 

Beginning at the end of the hills of the central chain where they reach the east 
coast, the same limestone commences again and borders the enitire southeast coast of 
the Island to a point between the Nigua and Nizao Rivers. Here it is so nearly 
horizontal that no perceptible dip occurs. The whole mass seems to have been 
elevated bodily. No foldings or even-undulations can be detected. The lithological 
character is also exceedingly constant. The roek is evidently the bottom of a coral 
sea. It contains a few corals, almost always of the massive fonvmjs>. though these are 
lnot generally disseminated, but occur rather in spots on the sites perbthps of pieces of 
ancient reef. Occasionally in these collections a branichinLg species may be found, but 
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104 ON THE TOPOG-RAPILY AND GEOLOGY 

the small solitary forms are almost unknown. Again, a mass of madrepore is some- 
times seen inbedded in the matrix and isolated from all companions. But the great 
bulk of the rock is a very soft light cream-colored chalky material, the comminuted 
debris of coral, &c., such as is forming at the present day among the coral reefs of 
the Bahamas and Bermudas.* The local name of this material in Santo Domingo is 
"Caliche." It has the peculiarity that it hardens on exposure to the atmosphere, 
though not always to the same extent. Usually in natural exposure this hardening 
takes place to a depth of from two to four feet, though often the crust is not more 
than a foot thick. The indurated portion is sufficiently solid for building purposes, 
although it is almost invariably penetrated in all directions by small cavities, caused 
partly by the decay of the enclosed fossils. In some cases this shell is so tough that 
the pick hardly makes an impression on it, and it is necessary to use powder in 
quarryiiig it. It makes an excellent lime and is burnt in kilils of about three hun- 
dred barrels capacity, the loose surface blocks being preferred for the purpose, the 
softer material not having sufficient consistency foi the kiln. Almost the entire city 
of Santo Domingo is built of this rock, and buildings of three centuries old attest 
alike the durability of both the stone and the mortar. 

The soft " caliche " hardens rapidly oin exposure and although as soft as clay when 
quarried makes an excellent road material. It makes a hard, smooth road, not wearing 
easily into ruts, but liable to be cut by runninig water. Even the harder material 
soon grinds down under wheel and hoof to an uniform surface, whose only objection is 
that its nearly white color is too dazzling to be pleasant to the eye, though it is not 
so bad as the painfully brilliant glare of the streets of Nassau, where at mid-day 
"only strangers and dogs are to be seen in the street." 

The origin of this rock is at least in part sufficiently obvious. The whole deposit 
seems to be homogeneous. No signs of stratification or differences in degrees of 
hardness being perceptible below the above-mentioned crust. There can be 11o 
question but what the greater part is derived from the corals and the few shells which 
lived, died, and decayed on the spot. Nelson after several years of investigation in 
the Bermudas, arrived at tllis result, attributing the origin of the Bermuda " chalk" 
entirely to this cause.t 

* See Nelson, Quart. Jour. Geol. Society, Vol. IX., p. 207, 208, also Trans. Geol. Soc., Vol. 5, part 1, p. 104 & 105. 

f Trans. Geol. Soc., Vol. 5, part 1, p. 114, *** "But from all that I have seen during different examinations of 
decomposing zoophytes and shells * * *, I have no more hesitation in attributing the existence of the Bermuda chalk 
to such a source than I have for asserting that the obvious material of the Bermuda stonle is derived from the same 

origin; with, howevei , this difference that in the latter instance the fragments are the result of mechanical subdivision. 
while in the former the elementary particles are due to the decay by long submersion of the membranous tissue, 
which pervading their whole structure, releases the constituent calcareous matter dispersed through the texture, 
wlhen it is ruinied by decomposition." 
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OF SANTO DOMINGO. 105 

I am not willing to go to so great a length as that author in believing that the 
decay of the animal tissues whether of corals or shells, is the principal means of their 
destruction and the consequent formation of the semi-pulverulent rock derived from 
them. His Bermuda "chalk " is a small local deposit compared with the greater mass 
of "Bermuda Stone," which from his descriptioni corresponds in character with the 
rock making up the Bahama group and the Dominican coast limestone. Later the 
same authoir, then Captain, now Major-General Nelson, R. E., in his memoir on the 
Bahamas* suggested additional sources for the material, but he does not in my 
opinion lay enough stress on what must have been the maiti cause, the triturating 
effects of .wave-action aided doubtless, but not replaced by the various means that he 
suggests. 

It is a misnomer to call this material "chalk." Trrue chalk whether derived from 
the English cliffs or elsewhere, is microscopically considered composed of hollow 
grains. "It is made by accumulations of Rhizopod shells, and not of coral or shell 
sand."t The West Indian rock ts coral and shell sand, and is composed wholly, or 
niearly so of amorphous solid, grains. In external characters to tlle naked eye it 
certainly resembles some varieties of chalk. Its nearly white color, softness, absence 
of "grit," and its chemical constitution ally it closely to that mineral while its origin 
and microscopic structure separate it. In view therefore of this difference and since 
no name has ever been suggested to distinguish it, I suggest that of Antillite. 

As intimated above the " coast limestone " (our new Antillite) was formed as a 
fringing reef at a considerable distance from the then coast line. This is beautifully 
illustrated on the south side of the island, but more particularly in the region lying 
north and nlorthwest of Santo Domingo City. The mouth of the 4aina River was 
then at what is now the base of the higheer hills at the back margini of the low-rolling 
savanas. This stream as well as its neighbor the Isabella now a branch of the Ozama, 
brought down great quantities of gravel and even large boulders, which were of 
course deposited immediately along the coast and formed a gravelly beach. The 
gravel was carried out to a distance of several miles from the mouths of the rivers 
and made a sea-bottom of sand with pebbles, constantly diminishing in size as the 
distance from their source increased. The current evidently came from the west and 
carried this debris eastward alonig the ancient coast, so that the deposit extends from 
each old river mouth in a marked manner in that direction. The then insignificant 

* Quart. Jour. Geol. Soc., Vol. IX., pp. 208, 212. " This calcareous mud is derived not merely from the commi- 
nution and decomposition of corallines and corals, and from the exuviae of Foraminifera, Mollusca, Echinoderms, 
Crustaceans, &c., but also from the fkcal ejectamenta of Echinoderms, Conchs and Coral-eating Fish (Sear, ic)." 

t Dana, Manual of Geol., p. 753. 

A. P. S.-VOL. XV. 2A. 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



106 ON THE TOPOGRAPHY AND C-EOLOGY 

stream the Nigua produced but little effect, and judgi-ng from the absence of gravel 
in its vicinity must have been even more unimportant than one might have infeired. 
The Nizao brought down its quota which is distributed as far east as the Miocene 
hills of San Clistobal. But still more marked is the immense sheet of gravel, a 
hundred feet thick, and with boulders of half a toli furnished by the Southern Yaqui, 
and which covers all the plain on which Azua is built, and aided by contributions firom 
the Ocoa- which extends eastward along the coast, almost to the Nizao. East of the 
Isabella the hills suddenly retire to the nor1thward anid the larger rivers like the 
Ozama and Macoris run almost entirely in the plain, so that at that period only their 
upper branches existed; streams too unimportant to produce a marked effect in the 
formation or modification of the sea-bottom. 

But to return to the Jaina as an exemplification of the whole. The gravels are 
spread over the low-rolling hills and the plains of the Porto Rico and Sta. Rosa 
savanas, every pebble telling its own story of its origin,-the beds, except in the 
presence of a larger proportion of sand, being a repetition of the river bars of tlheii 
parent stream. But as the distance from the ancieft coast iinereases the pebbles 
become scarcer and smaller and the finer portions more abundant, until in the Savana 
la Venta the beds are almost entirely sand anid clay with a few straggling pebbles, 
such as might have been transported by floating roots, &c. And her-e a new element 
begins to come in. In the Venta the deposit begins to exhibit a distinct calcareous 
character. This increases, and within the distance of a mile or too the sand and clay 
strata are entirely replaced by the deeper water deposit of the coral reefs. But in 
going eastward it will be seen that the current carried along with it the finer particles 
of the river debris and spread it like a ribbon, par allel with the old coast line, receiving 
trifling contribuitions from the smaller streams until the supply became exhausted, and 
then the coral deposits approached the coast until they came in contact east of Higuey. 
It is not necessary to suppose that the limestones were deposited in very deep water, 
the presence of considerable quiantities of fieslh water from the rivers with the accom- 
panying mud would account fully for the absence of corals near the coast. Besides 
the presence~ in two or three spots of abundance of shells of Ostrea, Lucina and of 
VeTneridce, and the additional fact that casts of Strom'bus are nowhere rare, indicate 
that at least a part of the rock must have been deposited in comparatively shallow 
water, probably as an encircling reef similar to those existing around the eastern end 
of the present island and elsewhere. Lyell* devotes several pages to the discussion 
of the theory of coral reefs and atolls, and quotes the objection of Mr. Maclaren 
that no reefs have ever been elevated above the surfacle of the sea. That genitleman 

* Principles of Geology, 9th Ed., p. 793, et seq. 
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OF SANTO D)OMINGO. 107 

says: "Nor in the West Indies, nor in any other r egion-i yet- explored, has a bed or 
formatioln of coral even five hundred feet thick been discovered so far as we know." 
Although the coast limestone of Santo Domingo does not reach even half the specified 
thickness, it is not less a refutation of the objection and a proof of Darwin's theory 
of barrier reefs. 

The change firom gravel through sanid and clay beds to this chalky rock in the 
Jainia couintry is repeated in all of its details in the vicinity of Azua. The gravels 
of the Southerni Yaqui form high hills at las Lagunas -on the Constanza trail above 
the mouth of the Rio de las Cuevas, spr ead over the plain and extend eastward to the 
Ocoa River. But as sooni as a sufficient distance from the old shore was attainied, to 
allow the current to carry off the mud and fresh water to the eastward, the barrier 
reef rose to the surface, anid its remains exist as a horizonital structure of white 
ear thy limestone, almost entirely non-fossiliferous, and hardening, on exposure to the 
air, to a rock whiclh breaks with a conichoidal fracture. In this condition it forms the 
great -southern peninisula and the little neighboring Island of Beata. 

The little Peninisula of Samnaana is a complete epitome of the geology of tlle whole 
island. Except the syenitic intruisions it exhibits every phenomenon discovered and 
every formation that exists on the main land. 

The same chanige fiomn gi avel to limestone described above occurs on the southern 
coast from the vicinity of Sanita Barbara to the eastward. About the port of Santa 
Barbara, and especially for a mile or two west the coast hill and the little islands 
adjoining, are made up of hlorizontal beds of a coarse gravel with pebbles and even 
boulders of the metamorphic rocks of the interior. In fact these beds are a perfect 
index to the geology of the Peninsula. The gravel deposit extends but a mile or 
two east aiid west, and penetrates inlanid to a very inconsiderable distance. But, as 
has been before stated at Puerto Frances, we again find the coast limestone. 

The coast formation, although it covers such a wide area equal to if not greater 
than the underlying Miocene, is nowhere very thick. From the fact that it is every- 
where horizontal, it is somewhat difficult to arrive at an accurate estimate of its 
thickness. Nowlhere along the coast is its base visible, and a vertical measurement 
inland must necessarily be unfair since it must be made on the thinning out shore- 
margins of the deposit. Even where it is most elevated above the sea-level a fair 
measurement cannot be obtained for this r eason. At Santo Domingo City the bluff is 
about 40 feet higl, and the wells in the city average 50 feet deep. They consequently 
reach the level of the sea but do not reach the base of the formation. Further back 
where the sturface rises in a series of terraces, the wells still reach the same level 
before yielding water?, but inl no case is the underlying r-ock reached. My well two 
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108 ON THE TOPOGRAPHY AND GEOLOGY 

miles northwest of the city, has a depth of 158 feet, anid one on the farm of Presidenit 
Baez, distant perhaps a fourth of a mile is a dozeni feet deeper, a difference due to 
undulations in the surface of the ground. Near the mouth of the Rio de las Cuevas 
northwest of Azua, where the gravel is seen lying on the upturned edges of the 
Cretaceous shales, clean sections of about onie hunldred feet can be seen; and in 
Samana the gravel hills are all of two hundred feet high. It mav therefore be safely 
assumed that an average thickness for the whole deposit is not far from two hundred 
feet, and in the limestonie it may be even/ greater. 

The peculiaritv exhibited by all of the wells in the coast limestone that at what- 
ever elevation begun or wherever placed with reference to the coast, their bottoms 
must always reach approximately the same level before rieaching water, recalls forcibly 
a similar circumstance noted by Nelson in the Bermudas and Bahamas in the same 
formation.* That author explains that in those islands the calcareous rock is per- 
meated by sea water, and that the surface waters float above the dense salt water, 
which is distinctly affected by the tides. In Santo Domingo although the wells all 
reach tide level, it does not appear that the sea water penetrates to any distance 
inland, and although the wells nearest the coast are usually more or less brackish, it 
seems that the sea acts only as a dam preventing the complete drainage which takes- 
place at higher levels. It is at least certain that the tides do not affect the wells 
here, and even that at the house of General Cazneau, within a hundred yards of the 
sea, shows no signs of their influence. 

Almost wherever it occurs the coast limestone is covered by a peculiar red soil, 
neither ver-y deep nor remarkably fertile though aided by the moisture of the trade 
winds and the constant warmth of the tropics, it supports a dense forest vegetation. 
This is without doubt derived from the underlying rocks and is clearly the result of 
their decomposition. No further proof of this proposition is required than the fact 
that at least in the Provinces of Santo Domingo and Seybo, that is to say, on the 
whole souLth coast east of the Nizao River, the red soil and the limestone are exactly 
coextensive. I dwell on this 'fact because Nelson notices the e4istence of a "red 
earth " in the Bermudas as making the ordinary soil of the islands,t and again in 
his account of the Bahamas not only refers to it, but advances the theory that it 
originates as a sort of guano.: I infer from the remark quoted in the subjoined note 

* Trans. Geol. Soc., Vol. 5, p. 120, and Quar. Jour. Geol. Soc., Vol. IX., p. 205. 

t Loc cit., p. 105 and Bahama Memoir, p. 208. 

t In speaking of a " re(I earth " from a cave in the Bahamas, on microscopic examination it " appeared as a mass 
of insect remains, the rejectamnenta of bats living in these cavernis. Specimens of the earth from another part of the 
same cave, lhowever, were so much altered in character that they resembled the Bermuda " red earth," and afforded a 
complete clue to the characters of this substance." 
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OF SANTO DOMINGO. 109 

that the author considers all of the red soil of the Bermudas, the "five strata of Ireland" 
island in the Bahamas, equally with this cave-soil, to be a guano deposit. If these 
"earths " are similar to the red earth of the Dominican coast limestones his theory 
is certainly false. 

In Trinidad the."Newer Parian" rocks, the "Nariva Series," probably the 
equivalent more or less of the formationi u-nder consideration, are said to be " com- 
posed of stiff ferruginous clays with occasional limestones, constituting an undulating, 
almost even surface, and affording soils of a more or less red color."* In Jamaica 
the " white limestone " yields a soil identical with the Dominican, and the description 
given by the colonial geologist would apply equally well to this island,t except that 
the " honey-combed " character is not so marked here as the description would seem 
to imply in Jamaica. In Santo Domingo there are large tracts wliere not a single 
stone is visible through the soil, and again there are regions where the soil only fills a 
few crevices among the projecting points and ridges of the underlying limestone. 

The underlying rock and consequent soil produce a marked effect on the vegeta- 
tion.t This is further modified by the access or deficiency of moisture in .the air, so 
as to produce a difference between the rainy and the near ly rainless ends of the Island. 
But where the amount of moistur e is the same on the plains of Seybo, for instance, 
the limestone of the coast carries dense forests of tall trees with tangled undergrowths 
of bushes and vines, while the sands and gravels nearer the hills are clothed only 
with grass. 

There can be but little doubt as to the geological age of the coast formation. It 
lies unconformably on the Miocene and conisequently must be either Pliocenie or later. 
Its fossils are in a miserable state of preservation, btut a single locality yielding 
mollusca in a recognfizable state. In some localities internal casts are not rare, but 
while a few can be detected like the Lucinas by their well kniown form, or like the 
giant Strombus by their size, the majority are entirely unrecogniazable.. Their only 
value is to prove that many species existed, all identifiable -traces of which are now 
lost. 

* Trinidad Report, p. 74. 

f Jamaica Report, p. 22. "The white limestone formationi seems to originate two descriptions of alluvia-olle 
white, resembling a chalky marl; the other red, free from carbonate of lime, the color being due to oxide of iron 
combined with the argillaceous residue of the pre-existingf limestone. This formation seems particularly susceptible 
of disintegration and removal, which. is due to the solvent action of the rain-water under the high temperature of 
this climate, and being probably also charged with free calrboic acid. The surface of the rock is thus worn inlto 

holes which become larger .with each successive shower, resulting in the well-known 'honey-combed ' appearance 
which renders the rock so difficult to traverse." "The red variety of soil is so distinietive as to have orioginated the 
appellation for the surface in several localities, as tlle 'Red Hills ' in St. Anidrew's, &c." 

t See a note by myself, Amer. Jour. of Science, 1871, p. 127. 

A. 1'. S.-VOL. XV. 2B. 
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110 O-N THE TOPOGRAPHY AND GEOLiOGY 

Between the Nigua and Nizao where the Azua gravel shades into the calcareous 
beds, there is a small deposit of a recent Oyster, and near Macoris at the mouith of 
the river of the same name, Mr. Bonaczy collected a series of thirty-three species of 
mollusca, besides corals and echilnoderms. A list of these fossils is appended. 

I use Lyell's names for the divisions of the Tertiary as has been already very 
aptly said by Mr. Guppy, nlot as implying that the various formations are exactly 
synchronous with the Miocene, Pliocene, or Post Pliocene of Europe, or even of the 
United States, but that they bear a relation among themselves similar to that borne, 
by those divisions in Europe and North America, and tlhat they approximate more or 
less nearly to those divisionis in point of time. 

The coast formation of Santo Domingo is extensively represented in most if not 
all of the other West Indian Islands. In Jamaica as the " white limestone " it 
"covers more than three-fourths of the islaid, and may be computed at 2,000 feet in 
thickness."* 

It was at first conisidered by Mr. Sawkins as Miocene, -but in the section at the 
end of the book it is put down as Post Pliocene.t It makes all of the Bahamas as 
well as the Bermudas. It exists in Tr inidad as the " upper part of the Newer Parian 
series," covering (if we include under this title only the " Mortiga series ") about a 
fourth of the island. But the colonial geologists do lnot seem to be very certain 
whether " the differelnt series of the Newer Parian," " weie deposited each during a 
special epoch " or whether two or more members were not being " deposited in distinct 
localities at the same peiiod."I In the latter case a much larger area is occupied by 
the formationi. Schomburgk devotes a dozenl pages to a description of this formationl 
in Barbadoes,? whence from amidst some remai-kable theories, we can gather that 
abouLt six-sevenths of the area of that island is coveered by it. We have no geological 
accounts of the other islands except Antigua, and mny own experience is not very 
extensive. I have seen no recent formation on St. Thomas, although I only know 
the immediate vicinity of the port. It is probable that the rock "containing Nerineas, 
&c." (Cretaceous?) at or near the east end is the most modern deposit. Doubtless 
between St. Thomas and Trinidad there is much coral rock, the more especially since 
we know the great part that the late Tertiaries play in the latter island and in 
Barbadoes. Dr. NugwentBl published an account of Antigua which is quoted by Dr. 
Duncan.1? From the description given of the " marl " alnd from Dr. Duncan's tables 
of the fossils of the different beds,** it seems probable that this marl belongs to the 

* Jamaica Report, p. 307. f Loc cit., pp. 23 and 341. t Trinidad Report, p. 59. 

% Hist. of Barbadoes, p. 534, et seq. il Trans. Geol. Soc. Lond., 1st Ser., Vol. 5, p. 459. 
I Quiart. Jour. Geol. SWoc., Vol. XTX., p, 408, et seq. ** Loc cit., pp. 410 and 411. 
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OF SANTO DOMINGO. 111 

group in question. A strong argument against this opinion is that, although but one 
of the included corals is common to this and the underlying chert beds, " in Antigua 
there is not one West Indian recent* species."* Dr. Duncan considers the entire 
fossiliferous deposit of Antigua, Miocene.t By a series of careful cross-questioning 
of non-scientific persons who are familiar with Porto Rico, and from some few 
observations which I have been enabled to make, I have reason to believe that a large 
part of that island is Post Pliocene, and I have observed extensive bluffs on the east 
end of the Island of Cuba, especially on the south coast identical in appearance with 
the bluffs about Santo Domingo City. A large part of the Peninsula of Florida is 
known to be of very recent origin, and the meagre accounts we possess of Yucatan 
with its level plains of limestone rock seem to point to a similarity with parts of 
Jamaica and Santo Domingo. 

Parts of the south coast of Santo Domingo east of the Jaina, and more especially 
the extreme southeast corner, exhibit proofs of irregularity in the process of upheaval 
in a series of well-marked terraces. At Santo Domingo City the terraces acquire a 
total height of about one hundred and - fifty feet, one traversing the suburbs in the 
village of San Carlos, the other lying just back of the town. Looking eastward 
from the city one terrace can be distinctly seen running along the coast. This 
extends uninterruptedly to the Quiabon River, beyond which are three terraces, one 
behind the other on the broad little peninsula which runs down towards Saona Island. 
A similar terracing of the surface is nioted by Schomburgk in Barbados,t which 
doubtless took place at the same time; and the geologists of Trinidad? note com- 
paratively recent raised beaches and other proofs that the elevating action is still 
going on. A geologist cannot sail among the little islands of the Bahaman group, 
without being forcibly struck by the idea that these islets are the remains of much 
larger bodies of land, which once probably covered a large part of thc "1 banks," and 
that they have been separated and wasted away by the lateral encroachments of the 
waves. There is no evident reason for the theory that has been advanced, that they 
are the remaining hill-tops of a sinking land. Their horizontal stratification, their 
flat surfaces, their precipitous coast bluffs and the extreme shallowness of the water 
between many of them all point to a broad, gentle upheaval and wave-action as the 
principal agencies which have been at work among them. 

* Quart. Jour. Geol. Soc., loc cit., p. 454. 

t Hist. of Barbadoes, p. 554, et 8eq. 
t Same paragraph. 

? Report, p. 66. 
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112 ON THE TOPOGRAPHY AND GEOLOGY 

PART III. 

LOCAL GEOLOGY. 

CHAPTER VIII. 

GEOLOGY OF THE CENTRAL MOUNTAIN CHAIN. 

It is hardly necessary to say anything more about the physical features of the 
great central chain. A reference to the first chapter, aided by the map, will give the 
reader all the details necessary to a clear understanding of the following description 
of its geology. Covering a length of at least 200 miles, with anl average width of 
not less than 30 mniles, its area may be roughly estimated at a little over 6,000 squiare 
miles, or practically a third of the Republic. Including the spurs running down 
towards the coast near Bani, the actual area is really greater than the above estimate, 
which is near enough, however, for all practical purposes. 

The chain is composed of a central core of. eruptive rocks, which have upheaved 
and contorted the sedimentary strata overlying and flanking it. This core does not 
extend the entire length of the chain, but begins near the middle as a great, irregu- 
larly-shaped mass lying obliquely across the axis of' the range. Its eastern end 
is abruptly cut off in the region of the Jaina River, but to the west it stretches out 
in a series of parallel ribbons at least to, and perhaps beyond, the borders of the 
Republic. O-verlying this rock, pushed up, folded and broken by it, is the great 
series of slates, conglomerates and limestones belonging to the Cretaceous formation. 
These cover the greater part of the area, not only of the mountain mass, but of 
the Island, and are the oldest formation yet discovered within its limits. 

The foldings of the Cretaceous beds and the lines of exposure of the eruptive rocks 
correspond almost exactly with the trend of the chain. This is not exactly the same 
throughout, although the amount of variation from a straight line is very little, and 
the average direction is about N. 70? W. It is worthy of remark that the eastern 
half of the range, or that part east of the intrusive rocks, is nearly due east and west, 
while the remaining portion turns up quite abruptly to the northwest from Mount 
Vanilejo. This eastern half is much less disturbed; the foldings are not so compli- 
cated noor numerous, the absolute elevation is much less, and the utpheaving force was 
evidently expended, in great part, towards the centre of the Island; the portions 
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OF SANTO D)OMINGO. 113 

towards Seybo and Samalna Bay being lifted hardly a fourth as high as those at the 
head of the Yaquii River and its upper branches. 

Both this chain and the smaller one of Samana furnish us with excellent keys to 
the dates of their upheaval; Samana being simply a repetition on a small scale, as has 
already been said, of the larger Island. Sanito Domingo probably first made its 
appearance above the water either during the era of the white chalk of Europe, the 
green sand beds of New Jersey, or in the Eocene period. It then consisted of this 
central chain, probably extending out to the whole length of the present northern 
peninsula of Hayti, accompanied by a group of smaller islands forming the southern 
Ilaytien peninisula and possibly some of the other high lands of that region. To the 
northeast lay Samana, a long low rocky islet, but slightly elevated above the sea, and 
to the soutlh of it, a little arelipelago, whiclh now constitutes the hills of Seybo. 
During the Miocene period these islands were fringed with coral reefs, the fragmen- 
tary remains of which still exist as patches of limestone, lying now as lhorizontally 
as when they were deposited on the uptulned edges of the Cretaceous slates. The 
elevating force had not ceased to act, and at the -end of the Miocene, after having 
beeni probably succeeded by a period of subsidence during that era, it was resumed 
and has lifted the latter formation horizontally 200 feet in the middle of the Santiago 
Valley, about 300 to 400 in the hills south of Samana Bay, and still higher ini the 
foot hills of the range at Cevico and west of the Upper Yaqui. In the latter case 
the sanidstone beds of the Miocene are highly uptilted. But these upheaving forces, 
while they acted so gently on tnis occasion at Samana, in the main range anld in. the 
adjoinin,g Val-ley of Santiago, were much more violent a little furirther north, and 
pushed up the formation along a linie an hundred miles long, in some cases to a 
height of 3000 feet or more, making the Monte Cristi chain where, until the end of 
the Miocene, had been a level sea-bottom covered with white calcaleous mud. 

The Pico del Yaqui, more commonly called El Rucillo by the people living near 
its base, is at the same time one of the highest, if not the highest point on the Island, 
one of the most central anid anl excellent starting point for our detailed description of 
geological features of the range. As stated in a previous chapter, its height is per- 
lhaps a little over 9,00 feet. It is a sharp ridge, very nairow, but about a mile long, 
a broad rounded curve, with a little sharp peak at its eastern end, lower than the top 
of the curve. From the easterni enid a long ridge runs to the eastw-ard continuing 
the water-shed and separating the waters which runi north from those which empty 
into the Neybo River. From the same point a long spuIr runs out to the north, on 
both sides of which rise str eams wlhich unite to form the long,est branich of the Yaqui 

A. P. S.-YO)L. xV. 2C. 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



114 (ON THlE TOPO() RAPHY AND GEOLOGY 

River. These streams, mountain torrents, roll and tumble over boulders, some of 
immense size and continue their course receiving numerous tributaries until, half a 
dozen miles below Jarabacoa, after receiving the Jimenoa, the Yaqui seems fully as 
large as it is at Santiago. The trip from the valley to the mountaini is one well worth 
taking, giving one a new set of experiences, hardly to be obtained in alny other part 
of the Island so easily, if at all. I stalted in June, 1870, accompanied by several 
persons, and evelntually added guides and porters until we -numbered, myself and 
eight others-servants and employees. We started from the house of Col. Jose 
Antonio Placelncio, at Tabera on the Yaquli, a pretty spot, shut in among the hills, at 
the foot of a high ridge; almost at the southern border of the Miocene rocks. The 
road commences to ascend the ridge within a few hundred yards of the house and 
almost immediately entered into a region of metamorphosed Cretaceous slate standing 
almost vertically. A climb of a mile, varied with an occasional descent, took us to 
the summit of the ridge, along which we rode, through an almost unbroken forest of 
large trees, past a settlement consisting of two or three houses in an opening, called 
Aguacate, thence we descended to a pretty little mountain valley in a bend of the 
Yaqui, called Humunucu, where a half dozen families live comfortably raising a few 
pigs and cows and cultivating a little tobacco. Up to this point the slates had con- 
tinued, sometimes magnesian, a little micaceous, but more usually jaspery; but they 
now gave place to syenite, and in the crossing of a rivulet in the valley, I detected 
the first crystallic rock, very much decomposed by exposure, but unmistakeable. As 
is everywhere else the case, the slates, nlear the crystalline rocks were rich in quartz 
veins, and Placencio informed me that women collect a little gold occasionally in the 
streams. From Humunucu, we climbed another high riidge called the Loma de los 
Caracoles, or Snail Hill, and descended a very steep trail again to the cainon of the 
river. On the south face of the hill, I found outside of the trail a mineral of rare 
occurrence in Santo Domiiigo-a little concretionary mass, the size of a double fist, 
of iron pyrites, bright and crystalline on fresh fracture, but so oxydized on the sur- 
face as to have lost all structure and to appear a mere lump of iron rust. From 
Humunucu, the entire region is a mass of syenite, all stratified rocks being left 
behilnd. On reaching the caifon we found a little flat of less than a hundred acres 
through which the river runs, here a brawling stream, a dozen yards wide, tearing its 
way over and among gray boulders or spreading out in sandy pools, but always in a 
hurry, always running witli a rapid current. 

This little valley retains the Indian name of Mana-bao* and is inhabited by two 
* These two syllables are frequently repeated in Santo Domingo, and as well as I can recall, always in connection 

with streams-thus, Mana-guallata and Mana-Matuey, near Santo Domingo, and Bao or Ci-bao, the river from 
whvlich1 the valley and range seem to have taken their name. 
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OF SANTO DOMINGO. 1iT 

or three families, the last settlement back in the mountailns. These people, like most 
of the others of this region, raise a little tobacco, which they press into cylinders 
three or four feet long and a little over an inch thick, rolled in a palm leaf and known 
as " Andullo." It is made by winding the tobacco, after being enveloped in a palm 
leaf, with a cord, which is taken off every day or two and wound tighter, until eventu- 
ally the mass becomes as solid as the pressed tobacco of the American manufacturers. 
These andullos are sold at an average price of a dollar a-piece and two or three car- 
goes of forty andullos make a good crop, and supply the family with the greater part 
if not all the money with which to buy clothing, arnd such other outside necessaries 
as can only be obtained with cash. In addition to their tobacco, they sometimes 
manage to eke out a little by the sale of the dried meat of the wild pigs and beef cattle 
which roam everywhere in the less frequented mountain forests. At Manabao there 
are two small sulphur springs, the water running out of a little rock bluff, in the flat 
close to the river. It is not strongly tinged with sulphureted hydrogen and is 
slightly tepid, hardly blood-warnm. Coming out of the syenite, and being the only 
warm or sulphur springs in the country, it is doubtless due to some purely local 
cause, probably the decomposition of a deposit of pyrites, similar to the piece found 
on the opposite hill. Obtaining guides and additional servants, making eight in all, 
and leaving our horses, we left Manabao on foot, and after following the river-bottom 
for half a mile, through a piece of nearly flat land, covered with large trees and with 
but little undergrowth, we climbed over a spur of hill covered with a mixed growth 
of palm and pine and carpeted with long grass, and pine leaves, among which grew 
many bushes and plants new to us, never to be seen out in the lower lands; and most 
unexpected of all, an abundance of an old friend from home, blackberry bushes, with a 
few ripe berries. The plant is so little known, growing as it does only in the high 
moulntains, that the people did not know that the fruit was eatable, and were not suiffi- 
ciently reassured by my actions to join me in my unexpected feast. On descending 
from this hill, we entered a much larger valley than the preceding, the greater part 
occupied by a marsh, covered with grass, but so soft that a man can hardly cross it. 

A large band of cattle was browsing in the valley, but when they saw our party, 
tossinig their heads and switehing their tails as only wild eattle can, they started off 
bellowing with alarm alnd plunged across the marsh, belly deep in mud and water. 
We camped aside of the river, a short distance below the "Cienega," as the marsh is 
called; and hanging our hammocks between the trees we managed, by dint of several 
"smudge" fires to get the better of the musquitoes and sleep comfortably. Next 
morning we resumed our march, following up the river as far ax the width of the 
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116 ON THE TOPOGRAPHY ANI) GEOLOGY 

canaki would permit, clinmbing over boulders and fallen pine trees, until we were forced 
to take the hill-side. By this time we were so high as to be on the margin of the 
pine woods, but well into an undergrowth of tall ferln. This plant is so tangled that 
the trail must be cut, every foot of the way with "machetes." Sometimes the whole 
party would climb over the top of it, bearing it down by main force; oftener we had 
to crawl under it, through tunnels cut by the big "machetes " or wood-knives of the 
servants, and whenever we could we gladly availed ourselves of the fallen trunk of a 
dead tree, crawling alonig it like a troop of monkeys, hands and feet alike doinig duty. 
The march was doubly toilsome because we all carried loads. MVIyself with a bag 
and hammer, and worse than all a mountain barometer, that had to be guarded against 
blows, and all of the others loaded down with hammocks, blankets, provisions, etc., 
we learned, if never before, why the Romans called baggage "impedimenta." On 
leaving the river we left all running water behind an-d when our canteens were ex- 
hausted, were fortLunate in findinig on top of the ridge, in every sheltered place, a little 
clump of trees. On most of them were numerous orchids, and in the caps, formed 
by their leaves, which envelope like those of a pine apple, we founld a small quantity, 
from a half ounce to an ounce, of dirty water. But old travellers are not fastidious 
and we escaped serious thirst. Late in the afternoon it became evident that we 
would not reach the summit that day, though the clouds that enveloped us would niot 
permit us to see how far we -were from our destination. It was decided however to 
stop where a clump of small pine trees offered the means of making a partial shelter 
from threatened rain. Our shed was hardly completed and covered with water-proof 
clothes and overcoat before a heavy shower camne up. A palm leaf that had served 
as wrapper for our cassara bread, was hastily made into a receptable for water, and 
by industriously collecting from all the drips with coffee-pot an'd tin-cups, we accu- 
mulated moore water than we needed for night and next morniing. Just before niight 
the clouds broke and there stood the grand old peak of the " Rucillo "-the silver-y 
headed-directly in front of us, but at least four thousand feet higher. It was all of 
a hard day's elimb off yet, judging from our experience; my men, discoutraged by 
the hard labor and dreading thirst from the certain absence of water higher up, were 
grumbling, ready to mutiny, and I was forced to admit that if I went, it would prob- 
ably have to be alone. I was therefore obliged reluctantly to announce that next day 
we would turn back. At 6 P. M. the barometer read 24.542, with the attached tller- 
mometer at 60.5 anid the detached 61, and before morning we had the tnwonted 
temperature of 47? on the night of June 1st. The night before, at the Cienega, the 
barometer had iecorded 26.758, with both thelmometers at 71, showing that we had, 
in a whole day, climbed olnly a trifle over 2,000 feet, besides crawli-ng a couple of 
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OF SANTO DOMINGO. 117 

miles along the top of a ridge, a distance that should have been miade in three hours 
easily in reasonably open ground. 

Throughout the entire distance from Humunueu, the rock is a gray syenite, so 
uniiform in character and appearance that one hard specimen would almost seem as a 
sample of the whole. It is usually of a light color, moderately coarse grain and with 
the hornblende in small ci'ystals. :No mica was noticed anywhere. I have been 
thus detailed in the "personial narrative" of this particular journey for the purpose 
of conveying a clearer idea of the character of the higher interior mountains of the 
Island, and to show that mountaineerinig in Santo Domingo, though not dangerous, 
is quite as difficult as climbing over snow fields. 

From Humunuen, a trail crosses a comparatively low ridge, also in the same 
syenite throughout, and strikes the Yaqui again, just opposite Jarabacoa. 

Returning again to Tabera, whence we started, we find the highly uptilted sierra 
slates are overlaid by dark gray sandstones, with occasional pebble beds belonging 
to the extreme base of the Miocene. This Miocene, though much disturbed, is 
decidedly unconformable with the underlying Cretaceous. They are slightly meta- 
morphosed so far as to show signs of alteration, but not sufficiently to lose their 
sandy structure. The most marked effect of the metamorphic action is visible in 
their stratification. The river bluffs are here very high and abrupt, and one sectioni, 
about half a mile from the house of Col. Placencio, shows an amount of contortion 
nowhere else observed in the Dominican Tertiary. The alteration of the sand and 
pebble-beds is visible along the same line of strike for a distance of three or four 
miles to the westward, and the strata, which usually dip at high angles to the north, 
vary in their strike all of the way from N. 800 W. to N. 200 W., the former being 
about the normal direction. These are the " seconldary r ocks (perhaps of the Car- 
boniferous system), which consist of dark sandstone flags, alternating with black 
bituminous shales in narrow seams, dip N.N.E. < 33?."Y* The rock is usually a dark 
gray sandstone, anid where the southern road from Sanitiago to San Jose de las Matas 
crosses the Bao River, it is a conglomerate of the same color, with a calcareous 
cement, and dips as high as 500. From the top of the hill west of the Bao, the 
succession of strata can be seen almost uninterruptedly to the steep bluffs on the 
Yaqui at Angostura. The dip gradually becomes lower, until at the latter place it 
is nearly horizontal, varying fromn 50 to 100 fiom north to south along the extent of 
the exposure, and at Santiago, still far-ther north, is reversed, dipping at a low angle 
to the south. 

* Heneken, Quart. Journ. Geo. Soc., vol. x., p. 12?. 

A. P. S.-VOIL. xv. 2I). 
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From the west end of the ridge of the iRucillo, there stalts out a spur as heavy 
as the parent mountain. At a distance of about ten miles from the main chain it 
culminates in a noble peak, Loma Joca, called on Schomburgk's map " The Peak." 
This mountain sends out a radiating series of ridges which extend far out towards 
the valley, anid give rise to most of the branches of the Bao River, the principal of 
which are the Guanajuma,* the Baguati, or Boguaci, and the Jagua. Like the main 
ridge, all of the region of Loma Joca is syenitic, the rock extending on the Baguati 
to within a dozen miles of its confluence with the Jagua. At this point on the 
former stream Mr. Speare collected a peculiar coarse-graihed dark-colored syenite, 
with small scales of a shining mineral which seems to be mica. Almost immediately 
north of this spot, the Cretaceous beds appear as dark-colored heavy-bedded clay 
shales. On the same -line of strike on the Jagua, about ten miles from its mouth, 
the rock is somewhat calcareous, and varies in color from gray to greenish, while 
nearly in the same line, perhaps a little fuirther north on the Bao, the shale is black 
and earthy, alternating with beds of lighter color, and although not specially cal- 
careous, containing streams of calc-spar. The amount of disturbance to which the 
rocks of this vicinity have been subjected is so great, that while a general tendellcy 
to a nearly east and west strike can be made out, the dip is practically vertical. 
Occasionally a lower incline may be observed, but it is extremely local, and it is as 
often in one direction as another. 

Approaching San Jose de las Matas, the rock changes its character to a gravelly 
sandstone, often full of pebbles, anid occasionally giving way to distinct beds of 
conglomerate. Here almost all the beds are more or less red, stained by oxide of 
iron; the soil is a loose red gravel, unusually barrell, and the surface is clothed with 
grass and occasionally a patch of pine forest, interspersed with the " guano " palm, a 
slender lit-tle fan-palm, growing twenty feet high. The barren soil, with its consequent 
pine and palm-growth, seems to follow closely the metamorphic slates, fiom San 
Jose to the west. Its barrenness is due in part to the scarcity of rain. In the 
western part of the valley showers are rare, and when they do fall are less violent 
thaln in its eastern end. South of San Jose the country, as far as we penetrated, was 
made up of slates-red, brown, black-vertical or dipping slightly to either side of 
the perpendicular. In the side of the hill below San Jose, there is a cliff of dark 
reddish-browln sandy shale standing almost vertically, and with broad surfaces 
cleared clean in the line of stratification. The town itself is very peculiarly and 
beautifully situated. It occupies a little basin, nearly level, surrouinded by rolling 

* This must lnot be confounded with the Gtuanajuma which rises in the Pico Rubio and empties ilnto the Amina. 

MIuch confusion arises from the constant repetition of local names. 
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OF SANTO DOMINGO. 119 

hills, but perched oni the summit of a ridge which, like all the others in the vicinity, 
is usually very narrow. The traveller, approachilng it from either side, rides along 
miles of mountain crests, generally surrounded by forest, but with little occasiolnal 
glimpses of deep canons on either side; the black sierra to the south, a labyrinth of 
peaks piled one above the other, and on the north the broad expanse of the Yaqui 
Valley, not even shut off by the Samba Hills, which, too low to impede the view, lie 
stretched along in the middle-ground of the picture. If approaching firom the east, 
the scene gradually changes to open grassy hills, with one ridge beyond another, 
over which the red line of the road can be seen winding like a ribbon over the greenl 
surface. Suddenly he finids himself in full view of the village, hardly a quarter of a 
mile distant-a city set upon a hill, and yet completely hidden. Almost adjoining 
the towni is a branch of the Amina River, its ca'non three or four lhundred feet deep, 
and so nlarrow that a mani can be heard distinctly calling across fron1 hill to hill. A 
trail winds down the hill-side, disclosing at the bottom a pretty little stream of 
twenity feet across, of clear, cold mountain water. The pebbles in its bed show only 
slates; but in the main Amina, p)ebbles anld boulders of syenite predominate. At 
Los Corales, southwest of San Jose, there is much slate, here altered to a coarse, 
semi-jaspery structure. From San Jose a but little-used trail crosses the mountains 
by a pass at tlle head of the Bao River. No member of the survey has been across 
this route, although I once attempted it. From the stories of copper mines near the 
summit of the mountains, it is probable that a tongue of the sedimentary rock extends 
eastward that far, or possibly the southern border of the eruptive mass may here bend 
to the north. The former is the more probable hypothesis. The tradition exists 
that nearly half a century ago, when the country was subject to Haytien rule, a 
party of Haytiens spent a number of months at the head of the iriver workiiig a 
copper-mine. A fatal epidemic breaking out among them they abandoned the spot 
for a time, and before they were able to resume operations political changes, or some 
other insuperable obstacle, interposed and. prevented them. A few old men still 
remain who, as boys, accompanied the party, and from one of these I obtained the 
story. 

From San Jose niorth, the trail crosses the Amina, and then winds along the 
summit and side of a long ridge west of the river to its end, desceniding at Bohio 
Viego to the Guanajuma, where it strikes the Caamino Real or main road. Alonig 
this route, the gravelly beds of San Jose very soon give place to shale of a more or 
less magnesian or talcose character. The soil is usually red, and the surface is 
covered with heavy pine timber, with no undergrowth except grass. In one place 
the shale is white, though usually it is stained by oxide of ironi. A little gray sand- 
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stone was found interstratified with the talcose slate, and occasionial quartz veins are 
to be seen; but nowhere does this quartz carry gold. A little north of San Jose, a 
perceptible northern dip occurs, after wllich the rocks again become vertical; but at 
Bolio Viego, where I had a good opportunity for measurement, I found a due E. 
and W. strike, with a dip to the S. of from 650 to 70?. At this point the margin of 
the Miocene covers up the older formation, and it does niot r eappear. 

At the crossing of the Amina and again on the hill side, two miles west of San 
Jose, there is an exposure of a dark bluish-gray limestone, so little altered that on 
the hill I foLnd a very faint trace of a coral on a weathered surface. This is the only 
case where fossils of any kind have been found in the formation on the north side of 
the island. The beds are not v-ery thick, and dip into the hill in such a manner that 
the angle could not be determined with any degree of accuracy, but so far as I could 
determine, they have a str-ong northern dip. These limestones are intimately as- 
sociated with and overlie the conglomerate beds found east of San Jose, and which 
are again repeated on the nlext ridge west, there dipping at comparatively low angles 
northwards. 

The road from San Jose to MaguLa runs west unltil it crosses the Guanajuma, after 
which it mounts a ridge, and follows its summit southtwest to the arroyo Magua. 
Here for the first time it enters the eruptive rocks. One dyke, or perhaps it should 
rather be called a streak in the mass, which extends from this point west to beyonid 
the Jicome Creek, being encountered at several points along the line, is characterized 
by rather large crystals of feldspar, having a peculiar greenish tinge, and by the 
presence of small quantities of mica. At the crossing of the Magua, tlhere were also 
fo und other syenites differing from this, the nmost ijarked being a white variety, witlh 
slender crystals of horiiblende sometimes two inches long. This intruisive mass, 
which may be called the first or outer belt, is not wide on the Magua, but widens out 
and extends as an irregular strip to beyonld Savaneta, disappealing under the Tertiary 
gravels. 

Southwest of the little'settlement at the erossing of the Magua, there is a road 
across the hills to Dajao, following which we find ourselves very soon on sedimentary 
rocks again. Here, at the " Loma de los Minas," is a well-marked synclinal axis. 
The above-mentioned dyke has formed an anticlinal, and another belt, No. 2, clossing 
south of Dajao, forming another, the country between the two is bent into a basin. 
The dip on this hill is at high a'ngles to the south, and the most common rock is the 
same limestone as that just described as being found on and west of the Amina. It 
is all more or less gray; some is identical with that from the Amina, some is earthy, 
with white streaks of ealc spar. Under the limestone is a peculiar-looking brown 
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rock, apparently a conglomerate, but so far altered that the pebbles have lost their 
individtuality, and seem to be fused into the mass. Further to the south is a belt of 
earthy, semi-talcose slates, rarely silicious, and lithologically identical with those 
found at Guaraguano, in both cases overlying the limestones. In these slates, as at 
that locality, quartz veins are abundant, and occasional copper stains are apt to 
mislead the ignorant into the fallacious belief that the metal may be found. It was 
probably this that caused the execution of some old mining work on this hill, the 
history of which is now forgotten in the vicinity; or the mine might have been 
worked for gold-quartz. The excavation is eighty feet long and about thirty feet 
deep; the width is from three to five feet, and a number of small pillars left standing 
have served to keep the walls perfectly apart. No definite vein structure could be 
detected either in the " country rock " or even in the pillars. We descended to the. 
bottom of the work by means of the long cable-like roots of the Higuey trees grow- 
ing on the rocks, but failed to discover any trace of metal. 

The Magtia drains the whole east side of the ridge of the Pico del Gallo, receiving 
the waters of the arroyo del Gallo, the stream which runs down from the peak itself. 
At the point where this creek empties into the Magua we find the dividilng-line between 
the southerni edge of the second belt, to be described furtller on, and the sedimen- 
tary rocks which form the whole mass of the peak. In reality, the mouintain owes 
its prominence to the fact of its being the entire thickness of the Cretaceous system, 
pushed up bodily by the syenitic rocks which reach the surface in broad belts both 
north and south of it. Just at the mouth of the creek we found a light-colored 
syenite, with small slender crystals of hornblende and large white crystals of feldspar, 
and almost in direct contact, south of this, we encountered the Cretaceous beds 
chaniged to a soft brown mica slate, and a little further on, where the action had. 
not been so marked, they were a greenish slate, which, according to my notes, was 
Cc seemingly micaceous." 

Still further south, along the Magua, on the third and last belt encountered, and 
which crosses the spur of Pico Gallo between the peak and the main ridge, there is 
a great variety of rocks all occurring in the same mass, often having a considerable 
longitudinal extension; that is to say, in an east and west direction, but very limited 
in a direction across that of the dyke. A marked ill'ustration of this occurs in 
the rock with greenish feldspar at the crossing of the Magua. Although the whole 
syenitic mass of this belt appears to have originated in one intrusion this particular 
strip can be traced from an unikinown distance east of the river to beyond the Jicome. 
So, in the present case, a specimen of a white laminated, gneissoid rock, containing a 
little black mica arranged in layers, brought me by Mr. Speare fiom southeast of 
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Pico Gallo, is in every respect undistinguishable from one collected by myself in the 
canon of the Cenobi southwest of the peak. Besides this, we found a bluish-gray 
granitoid rock, very fine grained, without mica; and another, of coarser grain, with 
comparatively large crystals of white feldspar. Quartz veins are not confined to the 
metamorphic rocks. In this region, as on the Nizao, there are segregations of that 
mineral forming well-marked seams, often of considerable extent. On the Magua it 
is usually white and milky, though in one case it was found of a greenish white. 

Dajao is a little settlement on the end of a long spur from the Pico Gallo-a 
dozen houses, scattered in little dells or flats on the hill sides, from the banks of the 
Mao River to the top of the ridge. The little community is made up of people, 
almost all ramifications of one family, who show, perhaps as markedly as any, the 
strong Indian type which still lingers in the fastnesses. of the hills. An innocent, 
peaceful tribe they are, intelligent far beyond the average of their countrymen of the 
same social level, and, strange to say (in the woods of this country), alm'ost all have 
some sort of a rudimentary education tranismitted from one to another, for schools 
do not exist; and a better field for the true missionary, the schoolmaster, could 
probably hardly be found. He would be welcomed with open arms, and bright-eyed 
youngsters enough could be found to keep a pretty active man busy. It must not 
be understood that this applies solely to Dajao. Twenty other communities of these 
mountaineers-equially intelligent, equally desirous to be taught, and equally needy- 
are scattered through the hills. More real good could be accomplished by sending 
to each a schoolmaster, than by sending fifty missionaries to the South Seas or to the 
Indians of the Plains. 

But this is not geology. Half way between this place and the crossing of the 
Magua is the Jicome Creek which descends from the direction of the peak and runs 
about half of its course in the slates, the upper half in the second belt of the Syen- 
ites. Near the mouth are various beds, some of earthy brown slate, others of greeniish 
talcose mateiial, both abounding in specks and microscopic crystals of pyrites. These 
shade into each other, while again the latter become more magnesian, greenish in 
color and loses the pyrites. Again, this last assumes the more usual type of a white 
rock, evidenitly talcoid, though but slightly so, and profusely mottled with great 
stains of oxide of iron so as sometimes to become entirely red. In these shales the 
seams of quartz are not rare, and vary from white, either translucent or opaque anid 
very compact, to spongy masses sta'ined by iron as if originally filled with pyrites 
which had decomposed. These latter are invariably auriferouts and may onie day 
pay a profitable return to the miner. Further up the stream, as before mentioned, its 
course runs through the eruptive rocks. In one place, a fine-grained dark gray syenl- 
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ite, with no trace of mica, makes up the mass, while in another we foLnd a coarse- 
grained rock with large crystals of feldspar, anid in place of hornblende a greenish 
mineral, possibly chlorite. The mouth of the Jicome is in the outer or first belt of 
Syenite; and here is repeated the material already mentioned at the crossing of the 
Magua and elsewhere, a rock so peculiar as to be immediately recognized, although 
here it lhas undergone a slight modification, in that the feldspar is white and some 
parts of the mass are finer grained than usual. 

Abundant proof exists of the origin of the quartz veinas here. They niever show 
well-defined walls, and whenever- mica is found in the country rock it is almost 
always entangled in the quartz also. 

In the Cretaceous belt between the Jicome and Dajao the slate is all more or less 
serpentinoid and of various shades of green and gray. In some cases it is nearly a 
pure chlorite; and by following the same line of strike to Dajao it can be seen to 
change gradually to a claystone varying in color through all the shades of black, 
gray, greeni, brown and rusty. Some beds are* almost identical with the rock from 
the Bao and the Jagua, but everywhere it bears an abtndance of quartz veins, not 
infrequently stained with carbonates of copper. Although the Mao River, which 
here takes a turn to the eastward, runs during tllat part of its course along the 
centre of a synclinal axis ; the fact could only be ascertained by a detailed examination 
of a much lar ger regionl than the immediate area in question. As has been demon- 
strated above, the limestoiies of this part of the country overlie the conglomerates 
and are in turn overlaid by the shale; the whole having been pushed up by the syen- 
ites which have found egress to the surface in nearly parallel east and west lines. 
The stratification has been so nearly obliterated that only here and there, as in case 
of the more compact limestones, can any dips be demonstrated. Both south and 
n-orth of Dajao there are intrusive belts. The southern appears within a couple of 
miles of the settlement and extends more than half way to Pico Gallo. The northern 
makes its appearance as a comparatively narrow strip on the ridge towards Guara- 
guano, just after reaching the summit from the river. On the southern flank of this 
latter the limestone abounds without recognizable dip, and small outcrops of lime- 
stone also occur a mile south of Dajao. Between the two limestone exposures the 
country is a mass of clay and talcose-slates, whose principal characteristic is that 
they all seem to be " on end," no exposure showing a dip that can be depended on for 
measuremefit; thotugh the quartz veins and all other collateral signs that occur seem 
to indicate a vertical position, or are approximately so. A full half of the width of 
this synclinal axis is occupied by the Mao canon, and there being no exposures oni 
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the grassy slopes of the hills, nor in the "bottom," the position of the rocks over this 
space is of course uncertain. 

The belt of intrusive rocks (No. 1) between Dajao and Guaraguano has little to 
call our attention e.xcept some small patches where the syenite is of an unusually fine 
texture.. The quartz and feldspar in these specimens are unusually brilliant in lustre, 
both being remarkably glassy, but the texture is so fine as to resemble in the mass a 
fine black sandstone. North of this, almost without the intervention of sandstone or 
conglomerate, we have the same limestone repeated; here the strike being continuous 
and easily traceable to that near Las Matas. The dip also in this case is easily dis- 
tinguished as a low one northward. Over the calcareous beds the shales dipping at 
300 north extend northward and full of narrow seams of white quartz until they are 
overlapped by the horizontal strata of a coarse sandstone, the latest known member 
of the Tertiary of the valley, and which will be more frilly described in connection 
with the Mao gravels, of which it forms a part. 

The Mao River fuLrnishes one of the best opportunities for a geological section of 
any line running southward into the mountains in this vicinity. At Latoma, oppo- 
site Dajao, on the west side of the river, the greenish talcose slates and claystones 
are remarkably full of quartz veins, and some stains of copper occur. A few years 
ago, a Mr. Heneken (the same who published the remarkable description of the 
geology of the Cibao), spent some time and considerable sums of money in searching 
for copper here, with the success that is clearly predicted by the surface indications. 
It is said also that he attempted to work some of the quartz veins for gold; but while 
I encountered some of the " copper mines" I could find no traces of his gold minies. 

Quite close to the quartz-bearing shales, south of Latoma and almost opposite 
Dajao, the syeniite reappears, and resembles that north of Dajao in some respects. 
The quartz and feldspar are both unusually glassy, and in this case the hornblende is 
disproportionately abundant, remiinding one somewhat of the rock on the Jaina. Some 
of the rock, on the other hand, is nearly pure quartz, and veins of quartz are also 
abundant here, as everywhere else. Other of it is dark gray, moderately coarse- 
grained with the quartz, feldspar and hornblende in nearly equal proportions, and in 
still other places, especially on the Cenoba River, it is gray with little or no horn- 
blende, with peculiar small white grains of feldspar, somewhat laminated, and contains 
a little pyrites. 

From Dajao there is a trail, much uised by the hunters of wild pigs and cattle, 
which runs- nearly soutb, following the summit of the ridges on the end which the 
Dajao settlement is perched. About a mile back in the woods, and perhaps two fiom 
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the river, in a little basin on the hill top, there is a single house, beyond which there 
is not another inhabitant nearer than the banditti on the Haytien frontier. Very 
soon after leaving the house the trail enters the region of 'gray syenite, usually flne- 
grained and showing much hornblende. This continues for a couple of miles to the 
crossing of the arroyo Cenoba, where the noithern margin pf another synclinal of 
quartz-bearing slate makes its appearance. The change in the underlying rocks is 
almost always obvious on the surface by a change in the soil. The slates are usually 
covered with a red open soil, retaining but little moisture and bearing a growth of 
large pines with a carpeting of grass, and sometimes an undergrowth of fern. The 
syenite, by its decomposition, produces on the other hand, a coarse sand, or perhaps 
more properly speaking, a fine gravel in which the pebbles are the less easily-decom- 
posed ingredients of the parent rock, such as grains of quartz alnd occasionally crys- 
tals of feldspar, though the latter mineral generally disintegrates rapidly. This soil 
also bears pine, but the little ravines on the hill sides and the low places where a little 
richer soil is accumulated by the rain washings are characterized by thickets of 
various dicotyledonous trees, mixed with the Canna and guano palms, two species 
belonging to the "fan palm" group, and even the manacle, one of the "cabbage 
palms." 

After crossing the Cenoba, the route winds along a high narrow ridge, the tall 
pines forming a constant shade, so thick do they grow, while the wind plaving through 
their branches, reminds one of the distant roar of the ocean. Every few moments 
the traveller catches sight of the deep ca'non of the Cenobi on one side and the 
Cenioba on the other, hundreds of feet deep, so far off that the river looks like a silver 
wire, and tall trees are dwinldled to little bushes. The slopes are often precipitous, 
and generally at such high angles that it is difficult, or nearly impossible, to climb 
them. But wild as are these solitudes, the part that most surprises a foreigner is the 
absence of wild animals. These black ravines look as though they ought to be the 
favorite haunts of the grizzly bear and panther, and one who has been in their homes 
can hardly divest himself of the undefined expectation of meeting one or the other. 
Not even a deer is seen, timidly dashing through the trees, and the nioblest game is 
the long-legged, long-nosed, slab-sided porker, who, with ears and bristles erect, and 
the last kink taken from his corkscrew tail, makes his way with a rush and a grunt 
through the bushes; or percha-nce a bull, not less timid, dashes bellowing across a 
grass-grown flat, with a speed that has to be seen to be believed.- The agouti, a 
little animal the size of a hare, but allied to the guinea-pig, is the noblest wild quad- 
ruped on the island, and it is so rare that in three years I have met but a sinigle one. 

A. P. S.-VYO.. xV. 2F. 
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Nearly opposite the mouth of the Arroyo Canna the road crosses the Cenobi and 
mounts another ridge, in every respect a repetition of the first, except that much of 
this part of the route is over the synclinal axis lying between the second and third 
intrusions. The rocks are as varied as might be anticipated from the previous 
descriptions-dark-gray calcareous claystone, black serpentine, green talcose slate 
with quartz veinis, often full of pyrites, greenish-gray clay shale, and brownlish 
magnesian slate succeed each other between the- southern edge of the syenite and the 
canon of the Cenobi, while beyond nearly the same features are repeated, uintil the 
northern edge of the third belt is- reached. A peculiar change was here noticed in 
the vegetation. As the route penetrates further into the heart of the mountains, 
while the pines still continue to make up, with patches of palm, the greater part of 
the forest, many other trees, natives of the valley, reappear, and here the wild Fuchsia 
and the blackberry grow side by side in the thickets, while the brilliant flowers of a 
dozen unknown species mingle with the most familiar forms of the moist lands of the 
valley. The great variety of the orchids is apt to strike the observer, but unfor- 
tunately most of the Dominican members of this family are more gaudy than pretty. 
The most remarkable one has a great bunch of dark purplish-red leaves, like a 
maguey, stuck on the side of a pine-tree or lodged in the crotch of a limb, its awkward 
spike of dull reddish flowers. on a long stem the reverse of pretty. Others are more 
graceful, but none show the brilliant-colored and variously-formed flowers so charac- 
teristic of the family in other places. The absence of water is also noticeable in these 
hills. Streams are abundant and their volume is always great, but there are almost 
no springs in the low places among the hills, and wherever one does occur it is so 
rare a thing that a little shed is built near it for the accommodation of benighted 
hunters. One such spot occurs in a place so out of the way on this ridge that it can 
only be detected by the unwonted sign of a side trail starting off fronm the maini route. 
There is nothing peculiar about it. It is simply a little pool from which issues a 
trickling stream; and yet perhaps the great'majoiity of travellers turn out to it. The 
trail past it is more worn than the direct one. From this spring the ridge ascenids 
somewhat, winding past the peak of the Gallo until, when nearly southwest of the 
mountain, it widens out into a little grassy prairie-a perfect park, studded here and 
there with noble pines, and walled in by high mountains on all sides. The niame of 
the spot is Savana de las Lag,unas. I was for a long time at a loss to ascertain why 
"of the lagoonss" until I discovered near it, in a depression, two or three dried up 
mud-holes, hardly fifty feet long, into which a little surface-water drains in times of 
heavy rains. 

The spot is a favorite camping-place for the hunters, who can easily bring pack 
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animals this far, but are prevented by want of trail from penetrating more than a 
mile or two further. The abundance of grass, belly-high to a horse, also attracts 
wild cattle, and the hunter is occasionally rewarded with an unexpected .supply of wild 
beef. Their custom is to bring into the mountains a supply of salt, and then stay, 
killing wild pork and beef and drying the meat so long as the salt lasts, or until they 
reach the full carryinig capacity of their animals. The water is, as usual, scarce, but 
a supply exists, and of pretty good quality, in the rocky basins in the bottom of a 
little ravinie on one side of the savana. The rock exposure here was the more 
welcome because rare. The red soil indicated slate, but here the slate itself appeared, 
laid bare by the currents of the rainy season, souvenirs of which are preserved along 
the channel during even the driest years. It must be borne in mind that this is at 
least a couple of hundred feet above the little cainon that drains these hills, and 
tumbles down a steep bed into the main river. I spent a couple of days in this lovely 
spot exploring the neighborhood. Mr. Speare, to whom the gold pan was intrusted, 
as usual, "prospected. the gulches," and found almost everywhere a "color," and 
soinetimes discovered a dozen " colors " to the pan. And here I may as well repeat 
what has already been said in more general terms at the end of the chapter on this 
geological formation: wherever the slates occur in the neiglhborhood of the eruptive 
rocks, there gold occurs in most, if not all, of the included quartz veins,.and the 
streams are always more or less auriferous. I do not wish to be understood as stating 
that there is sufficient inducement to bring foreigners here with the exclusive object 
of mining gold. Usually the gravels are not rich enough intrinsically, or where they 
are, the quantity in any onle spot is so limited that mining on any large scale is not 
likely to be profitable. Nor, again, do I wish to discourage the detailed examination 
of the quartz veins. They are numerous; and some of the pieces I caused to be 
examined that did not show free gold, and that were collected by myself as fair 
specimens, gave returns that would be considered very encouraging in California. 
Occasionally a vein can be found that, on account of its thickness, extent, general 
appearance, and the results of assays of its quiartz, would certainly be opened in 
California. I know of no reason why it should not be in Santo Domingo. 

The trail from the Laguna Savana winds arou:ind the head of a little ca'non and 
climbs a long ridge covered with a great variety of trees, of which pine is one of the 
least common, until, reaching a greater heig-ht, the pinies return, but n1ow very slender 
and stunted, reminding one forcibly of the pine woods on the summit of the Cascade 
Mountains of Oregon, on the ridge of Mount McLaughlin. A fire that had recently 
passed through the woods had rendered good service in burning out the dead branches 
and rubbish, disclosing to the view a grand solitude. INot a, level tract of an acre's 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



128 ON THE TOPOGRAPHY AND GEOLOGY 

extent was visible in the entire radius of from ten to twenty miles. To the northeast 
the noble cone of the Gallo stood out pre-eminent-a mountain whose summit, albeit 
at the top of a reasonably gentle slope, has not been stood upon by man during the 
memory of the " oldest inhabitant." Two of the most famous mountaineers of the 
region, named Durand, father and son, pig-hunters, who spend nearly all their lives 
on these mountain sides, and to whom climbing is no hardship, essayed the ascent 
from motives of curiosity some four or five years ago. They say they chopped their way 
through fern thickets nearly all day, and near nightfall one ascended a tree to ascertain 
their whereabouts. They were niot a third of the way up. They slept at the root of 
that tree, and inext day went back. They declare that to reach the apex pioneers 
would have to chop for a week to open a trail, and this where the nearest water is at 
the base of the mountain. South of the Gallo, and but very little lower, a rounded 
knob on the middle of the ridge is called the Corral de Mlateo. Between these two 
the Senador ca-non runs southwest to join the Cenobi, while other branches of the 
same stream drain a breadth of a dozen miles of the north face of the main range. 
The Canna drains the southwest face of the ridge on which we stood, a narrow cation 
crowded in between the Cenobi and the Cidra. This river takes its rise in a peak 
hardly less marked than the Gallo. It is on the main ridge, and perhaps ten miles 
southwest of that mountain. After diligent inquiry I could find no name for it among 
the people, so I have ventured to propose for it the ilame of an honored friend, and 
a gentleman who has worked hard and successfully for his country's good. It is 
designated on the map as Pico Baez, and is the only mountain in the country to 
which we have attempted to give a niame. The Cidra runs nearly parallel with the 
central ridge, receivinig many little tributaries from the south, though but few from 
the northern side. In its course it passes also Loma Jalapa, and shortly after bends 
north, receiving numerous branches from the west, and empties into the Mao. On 
the Cidra, fifteen miles from its mouth, we found the third or most southern intrusive 
belt; and here we met another instance of the repetition of a lithological character as 
a streak in a " massive eruption." The white gneissoid rock found by Mr. Speare on 
the Magua, and rediscovered by myself on the upper Ceiiobi, is again seen on the 
Cidra. Its mechanical peculiarities are perfectly reproduced. Its laminlated struc- 
ture, found nowhere else on the Island, is marked enough to catch the eye at first 
sight; but in this last case there is a change in its ingredients. I could detect no 
mica; and hornblende arranged along the lines of lamination is so abundant as 
sometimes to make up a half of the bulk. I shall not attempt to theorize as to 
the cause of this stratification, so to speak, in what are indisputably eruptive rocks. 
I content myself with calling attentioni to it. 
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It will be nioticed that I have, in the foregoing description of the region of the 
upper Mao, repeatedly mentioned the magnificelnt pine forests that clothe these 
initerior mouniitains. With an energetic and industrious population, every stream in 
these mountains would float down " saw-logs," and rafts of pine boards floating down 
the Yaqui, destined for export, would be one of the commonest siglhts on the river. 
As it is, I have repeatedly paid one dollar apiece for ordinary-nay, worse than 
ordinary-boards, hand-sawed, in one of the largest towns in the valley, and in fIull 
sight of where the tree grew. In Santo Domingo City I have paid (the regular price) 
$50 per M. for very inferior white pine boards, rough, full of knots, and half of them 
split or otherwise faulty; and as a special favor I got second-class yellow pine 
tongued and grooved floorinig for $60 per M., the ordinary price; that first asked of 
me being $75. Here is a chance for Americani enterprise. 

West of the Mao River the mountains lose their importance very rapidly. The 
main ridge continues as high and as prominent as ever, but the spurs dwindle both 
in height and length. The streams that ruln from them are, with one or two excep- 
tions, quite insignificant, the Guayubin being the only one of any note, although the 
Gurabo and several others exist in the regioni. The outer belt of eruptive rocks 
continues its couirse until it is covered up and disappears under the gravels near 
Savaneta; but the other belts continue towards and into Hayti. Since it is not my 
purpose to describe Savaneta in this connection, there remains but little more to niote. 
There is a trail crossing the Mao from Dajao, running past Gurabo anid thence down 
into the plain of Savaneta. Another runs likewise from Guaraguano and joins with 
the first in the little collection of houses klnown as Gurabo; but except the trail in 
from Savaneta to Almacigo, no routes penetrates the mountains. The broad flat of 
whiclh Latoma forms a pArt, and whiclh is really a broad-toppedi ridge bouaded by 
deep cainons, is called Meseta, or the Little Table-land, and is made up of slates, &c., 
the synclinal of Dajao. Its open park-like groves of pine, with their thickets of two 
or three species of fan-palm, and their green and brown carpets of grass and pilne 
leaves studded with flowers, form pictures incongruous in their mixture of tropical 
and northern types. In some parts of this region the palms are so abundant as to 
form the most marked feature, but usually they are in the minority. The ridge from 
Guaraguanio has but little to distinguish it from the Meseta. Both on this part of 
the route and oni that west of GuLabo pines and palms make up the greater part of 
the vegetationi, and the red gr avblly soil indicates that below there is either a 
magnesian oIr a clay shale. This proves to be the case; and examinations of the 
scanty outcrops show tlhat, except where the " second belt " crosses the ridge, the 

A. P. S.-VO)L. xv. 2G. 
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rock is almost always a chloritic or talcose shale. In one place it is nearly white, 
almost a steatite; in another its color is barely different, but it is more argillaceous 
and has a sort of oblique cleavage in addition to the lamination of the strata; again, 
it is light-gray, very talcose, and contains little nodular grains of quartz, is dark- 
gray and withbout the quartz, or the common red-and-white siliceo-magnesian shale 
that makes up so much of the easterm end of the chain. All of this is fiull of quartz 
veins, frequently not more than an inch thick, and generally milky white. These 
veins are probably barren of gold, at least so the appearanice of the quartz would 
seem to indicate. 

A dozen miles further west is anotlher little collection of houses, Almacigo, a 
village often without inhabitants in consequence of the never-ceasing predatory 
incursions firom the Haytian firontier. At the time of my visit to Savaneta the 
Commandante urged and finally almost prevented us by force from visiting the then 
about to be deserted hamlet. He gave as a reason that the region was full of out- 
laws, and that I would be taking an unnecessary risk of my life. I can only, there- 
fore, avail myself of the scanty information derived firom one of my assistants who 
had previously been there and brought me specimens of the rocks. Almacigo is on 
a river of the same name, and about a dozen miles back in the hills from Savaneta. 
It is but a short distance east of the long ridge that runs north from the maini range 
to the peak of Chaquet. It is clearly in a slate-belt, although a part of the route 
was described to me as being over " granite." The specimens of rock brought, and 
said to be a fair specimen of the region, are a white, highly metamorphosed shale, 
breaking into rhomboids not unlike cale-spar in shape, though more oblique and of 
course more irregular. Old gold washings are said to exist in these hills, and my 
informant, whose experience was unhappily much greater than his reliability, pro- 
fessed to have found the old ditches and other signs of placer-mining. It is to be 
hoped that the time is not distant when somebody more fortunate thain I have been. 
will be enabled to inivestigate this matter in the manner it deserves. 

But little can be seen of the structure of the mountains from Savaneta. From 
conversation with the most expert mountaineers and others- that I could find, I learned 
that, as it appeared fiom the town, the high peak of Nalga de Maco which towels 
above everything, sticking heavenward its peculiar-looking summit (not inaptly called 
by the whimsical name of "Toad's Rump") perhaps seven or eight thousand feet 
high, is not on the central ridge, but is oni a side spur to the southward, similar to 
those which run northward to Chaquet, Gallo, Ruibio, anid Joca. It is said that the 
Artibonite River rises far to the northwest of this peak, runs southeast around its 
base, and then, as is well known, strikes vestfward, running out through Hayti. 
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The same causes that prevenited us from obtaining, more details in regard to the 
little corner lying between Savaneta and the frontier also debarred us from visiting 
the soutlh side of the range about and to the west of San Juan. Repeated efforts 
were made to cross the range south fiom Savaneta or from San Jose de las Matas by 
way of the head of the Bao River, but our friends the military chiefs in the Cibao, 
not less than the civil authorities, combined to prevent what they considered so 
hazardous anl undertaking. Commandantes, Governor, and Vice-President united 
in such a thorough coturse of " masterly inactivity " that all our efforts to procure 
guides and escort were unavailing, and we were reluctantly oblig,ed to abandon the 
project and content ourselves with a section no farther west than the Constanza Pass. 
This is the illore to be regretted because, while there are thr ee broad strips of intrusive 
rocks further west which unite in the great mass around the Pico del Yaqui, and 
another intrusion scarcely less great east of the route, there is so little encountered 
on the pass that it leads us to believe that equally unexpected changes might take 
place to tlhe south of where our more western explorations extended. 

Although Jarabacoa is underlaid by slates, the margin of the syenites of Humu- 
lluctu is just back of the town in the bottom of the pretty little valley in which the 
town is built. The slates are highly uptilted, dipping northward at high angles, alnd 
often standing vertically. Thev are nearly in every case more or less talcose, though 
beds of sandstone occur occasionally. The Jimenoa River empties into the Yaqui 
half a dozen miles below the town, the two streams coming together in such a mannier 
that it seems as if the former were the main river and the upper part of the latter the 
tributary. The stream, after the confluence of the two, co-ntinues in the direction that 
the Jimenoa was flowing, while the Yaqui enters at an angle of perhaps 600. On 
the bluff facing the entrance of the latter there is a fine exposure of highly metamorphic 
slates containing some pyrites. The decomposition of the minieral produces the 
efflorescence of large quantities of a greenish and yellowish alum, which is periodi- 
cally collected by the people of the vicinity and sold to the apoth'ecaries of Santiago 
and Puerto Plata. This natural laboratory is the onily one of the kind I have seen 
in the counitry. The little basiln of Jarabacoa is in some parts flat, though in greater 
part made up of low rolling ground. Directly behind rises the steep face of the hills, 
and the dark round knob of the Mogote frowns down directly over the village. A mile 
out of the town the trail crosses tlle River Baguati, and immediately begins to ascend 
the hill. The climb is a very steep one and about three miles long in. all, zig-zaging 
up the face of a hill, the path sometimes cut into steps by the feet of the animals. 
From the top of this spur it winds, with very little change of level, back of the Loma 
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Barrero, thence back of the Mogote, and doubles on itself, bending to almost all points 
of the compass until, descending a comparatively short distance, it eniters a muddy 
little river-bottom, the canion of the Jimenoa, south or southwest of Jarabacoa. 
Almost as soon as the traveller leaves the town he finds himself passing over a hard 
coarse-grained syenite, not unlike "Quincy giranite " in its general appearance. It is 
a part of the same eruption as the peak of the Yaqui, and forms also the Mogote 
Mountain and a few of the ridges, but has dwindled here to a compairatively small 
streak. South of it the slates reappear, but along the trail oni the summit of the 
ridge there are exceeding few exposures, and the slates being soft there are but few 
pieces in the soil. It seems to be mostly of a semi-talcose character and usually of a 
reddish color, though occasionally the familiar greeniish-gray was observed. The 
Jimenoa at the crossing had abundance of syenite pebbles and comparatively few of 
the slate, the latter being much softer. After crossing the river the trail follows the 
bottom a short distance and then climbs another ridge, but not so steep or crooked 
as the previous one. Following this summit, the whole being in pinle forest except 
in the depressions where other trees make their appearance, the trail crosses the Tireo, 
the longest branch of the Yuna, here a little rivulet, and then crossing another low 
"divide," descends into a long flat valley clothed with grass. Just before r eaching 
the valley, there is a good exposure oln the hill side of a dark red conglomerate, the 
color of an over-burnt brick. This is the more striking since it is the only bed con- 
taininig pebbles along the whole route, the slates everywhere else being of very fine 
grain. The valley of Constanza must be two oIr three miles long and is as flat as a 
billiald table. It is without doubt the bed of a now dried-up mountain lake, that 
emptied itself through the canUon of the Limon River. The greater portion of the 
drainage entered it at the southern part, while the upper end was rather "back 
water." As a consequence, the soil of the lower part is more gravelly, while that of 
the northern enid is a finer saind and clay. The upper end is enitirely grass-grown 
except on the margin; btut towards the middle it is covered with scattered clumps 
and tongues of pine timber, which clothe the entire southern portion. Near the 
southern edge the Limon River flows across the valley, cutting its way between 
bluffs of coarse gravel twenty feet high, made up of l)ebbles of syenite and sandstone; 
some of the boulders are more than two feet across. The Cienega, near the head of 
the YaquLi, was another such lake at a comparatively recent period, anld eveni yet it 
has not drainied itself completely. If the Yaqui River, which there runis to onie side 
of instead of through the marsh, were to lower its bed a foot or two-if it were to be 
deflected so as to run through it, or if a comparatively small channel should be 
opened fiom the marsh to the river-in a little while it would empty itself of its 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



OF SANTO DOMINGO. 133 

surpl-us of water, and would become, on a smaller scale, a repetition of the Constalnza 
Valley. The resemblance would be perfect, even to the matter of a deep clhannel for 
the stream through coarse gravel beds on one side, with a finer soil on the other side 
of the basin; and on the gravel there is a growth of forest trees, while the present 
marsh would, judging fiom analogy in the other cases, doubtless continue a grassy 
tract. 

There is not a spot in San-to Domingo less tropical in appearance than the Valley 
of Conistanza. The settlement of a dozen houses is in the midst of the woods. There 
is not a palm, plantain, or other tropical-looking plant in sight. The frowning 
black mountains, shutting in the vallev on all sides; the tall colummns of the pilne 
trees, with the prostirte trunks and yet solid stumps of their fallen brethren; the 
little houses, encircled with split rail-fences and bargates; the browsing cattle, 
horses, and sheep, and above all the crisp morning air, so cold as to condense one's 
breath into visible vapor, all point rather to the heart of the Sierra Nevada than to 
the interior of an island unider the Cancer. 

Directly in the Valley of Constanza, crossinig its lower part, is a very narrow 
dyke of a cross-grained syenite, strongly mottled white and black by the large crystals 
of which it is composed. Owing to the depth of the gravel deposit, I could not 
ascertain its width. It crops ouit on the hill side at one edge of the valley, and 
extends unider the soil. At most it seems hardly possible that it is over a few 
hundred yards, and I may have largely over-rated it. It is the more worthy of 
notice since it is the only eruiptive rock encountered in crossing the mountain on this 

rouite, after leaving the narrow strip near Jarabacoa. 

Firom the houses the pass continues to the southwest, leavinig the valley within a 
mile of the settlement, and, Climbing over a little low divide, it crosses a branch of 
the Limon, and then winds for several miles along hill sides by a trail cut into the 
slope. Although over very roughl groulnd, the trail is good; and although no repairs 
have been attempted for years, it shows that it was made with considerable labor 
and at no little expense. It is said to have been cut for military purposes by the 
Haytianis, who seem to have considered Constanza a point of strategic value, despite 
its difficulty of access. After winding along for sever-al miles, almost always on the 
steep hill side, it descends the pOint of a spur several hundred feet to the back of the 
river, where a little flat furnishes the niecessary space for a herder's shanty and cattle- 
pen. The half-acre enclosure was fall of grass and supplied abundance of fodder for 
our animals. Tlle descenit of the hill was rendered the more difficult from the fact that 
it was not onily so steep as to necessitate a zig-zag trail, but the rocks were laid bare 

A P. .- SVOL. XV. 2H. 
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134 ON THE TOPOGRIAPHY AND GEOLOGY 

bv the washing away of the surface, and the foothold of the horses was extremely 
insecure; at the same time this denudation furnished a sp!ended section of a couple 
of hundred feet at least of a dark brownish, nearly black argillaceous slate, dippinig 
south about 35?. From the "IRancho de Limon," as this place is called, the route 
follows the left bank of the river two or three miles to Hlondo Valle, where, on the 
neaily flat points of two or three hiills, level enough to perch a hiouse or two, 
there are three houLses, occupied by as many families. What possibWe reason 
there is for people to live in such a place as this does not appear to the passing 
traveller. The country is not so over-populated that they should be driven here 
for want of room elsewhere. They can cultivate little or nothinig, and it would 
seem that cattlo or pigs would run wild if turned loose in these hlills. Still tlhere 
must be some inducement, for the settlement is an old one, and the people inhabit 
it constantly. The river can'ion is so narrow that there is hardly room for a 
trail, and the old one was destroyed by encroachments of tlle river but a short 
time before oul visit. Another, however, high up on the hill side, formerly used 
only in times of fieshets, is now used constantly, and although much rougher and 
in most cases -more dangero-us, is by far the more picturesque. At every turn one 
can look down into the foaming, river, rushing past precipices or between narrows of 
nearly black slate; and in one place, where there is a little grassy flat, the river has 
washed away the softer slates, alnd left reefs of sandstone strata hundreds of feet 
long projecting through th e grass and running east and west, dipping souith as high 
as 600 to 80'. Again the road descelnds one steep hill to cross the river and ascend 
one still steeper, where one has to be guilty of the meanness of helping himself to 
climb by holding on to his poor horse's tail; and arrived at the top, the least enthu- 
siastic will be forced to stop to admire the grand scene behind him. Perhaps nowhere 
on the island is there a finer mountain prospect than from this spot. The heart of 
the island looms up in full view; peaks eight and nine thousand feet high shut in the 
picture. The iRutcillo on one side anid Lonma Tina on the other rival each other in 
hleight, while a dozen others, hardly their inferiors, stud the interval. The mountain 
slopes are so steep that it would seem that notlhing but a goat could traverse them. 
The river is a mere thread of white foam, so distanit that its roar is no longer audible, 
and the houses of Hondo Valle, dwindled to the size of pebbles, would not be dis- 
tinguishable but from a little cloud of smoke ascending fiom the flat. To heighten 
the effect and add interest to the view we saw two or three vagrant rain-storms 
travelling about among the hills, and one coming towards us caused an abundance 
of anixious speculation as to whether we would be able to avoid it-or not. Of Cour'se 
our luck took us directly into it, and we had the fuLn of desceniding a thousand feet 
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of steep hill side, where we were forced to dismount, and in the face of a pelting 
shower. But before this we rode two or three miles over ridges, coming in one place 
to a little marshy spot called Ca?nitas, in a depression where broken-downi pasture- 
fenices and a couple of dilapidated shanties told of former occupation. This seems 
to have been a military post, now abandonied as unnecessary. From this, one trail 
runs southwest to San Juan, while the other, our route, goes south to the Rio de los 
Cuevas, and thence via Tubanos to Azua. Very soon after leaving this spot, 
uniusual from its having a spring from which runs a permanent stream of water, the 
rotute followinig the ridge descends the spur to the Rio del Medio, which it crosses 
through and over boulders of hard sandstone, derived fiom beds interstratified with 
the shale. Here palms again begin to make a marked feature in the vegetation, and 
in fact on the hill side are the most abundant trees. A climb of a mile and a half, 
with an ascent of perhaps more than a thousand feet, took us to the summit over the 
edg,es of. slate dippin.g south almost vertically. Crossing the top of the ridge, we 
descended through woods whose conifers had nearly disappeared, anid fiom which 
they soon became entirely absent, and in which the familiar cabbage or " royal " palm 
soon became commono-. This encouraging, sign was soon followed by the appearance 
of three or four houses-the hamlet of Lagunas, so named from a pond or two, prob- 
ably the rain-water drainage of the surrounding hills. Fr om Laguinas a gentle though 
long slope runs down to the broad gravelly bed of the Rio de los Cuevas. While 
slates of all the forms described in the precedingo pages make up all of the region 
just described, they are so up-tilted that no order of sequence could be made out 
among them; and although a southern dip predominates, it is not possible that all of 
this distance is made up of a succession of regularly supeirimposed beds up-tilted. 
There has been much folding, and since all of the dips are high, it is not impossible 
that there may have been some inversion, some folds tilted backwards. Unfortunately 
the entire absence of beds of limestone in this section deprives us of the most valuable 
key we have fotund for unravelling the problems of stratification elsewhere. We only 
knoiw that the same high dips continue out under the plain, and even beyond Tubanos 
the shale is vertical. Below Lagunas, on the southern face of the hill, the upturned 
edges- of the slate are overlaid by horizontal beds of a coar se shingle deposit of Post 
Pliocelne ag,e, the margin of the coast formation. This will be referred to again in 
the description of the geology of the south side of the Island. 

Returning to Jarabacoa, the only road leading otit fromn the valley, except that to 
Humunueu, is the camino real to Vega over a ridge. It crosses a mile or two of 
valley over the Jimenoa and the Yami. The former has a broad sanidy bottom, in- 
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terspersed with many large boulders of the syenites of the belt just south of the town 
anid through which it flows a little fuirther to the southeast. Its banks show jaspery 
and clay slates cropping out in the bluffs. A couple of miles northeast of Jarabacoa 
a gr-ay claystone crops out, though the greater part of the rock is talcoid. In the 
vicinity of the Yami River there are numerous quartz veins, and the river itself 
yields a little gold, this being the only locality in the neighborhood where the metal 
has been found. After crossing the Yami the trail climbs to the top of a high ridge 
and follows along its summit throughl a beautiful open growth of pine timber, anid 
over a bright red soil, almost all of the way in view of the Valley of Vega. The 
r-ocks are nearly ever ywher e a light-colored gr eenish-gray talcose slate, often with 
the soapy feel of steatite. In a few spots I found beds of sandstone interstr-atified 
with the slates. These beds, nearly veirtical, have a dip towards the valley near the 
south enid 'of the ridge. At the other extremity no dip could be made out with 
certainty, although in more than one case I thought I could detect a lamination, 
that seemed to point to a rather low dip southward. At the niorthern end of the 
ridge, just as the road commences its descent towards the Camu River, there is a 
little seam of an asbestus-like mineral, which has not yet been submitted to the 
examination of a competent mineralogist. Although the vein is hardly an inlch 
thick, the fibres, r unniing longitudinally or a little obliquely, are some of them three 
inches long. This is almost the oilly case where a mineral specimen of scientific 
initerest has been discovered during the progress of our work, unless the little alum 
efflorescenice at the mouth of the Jimenoa can be included in the list. At the foot 
of this same ridge the rock changes into a brownish-black serpentine, with oblique 
curived cross-fractutes showilig sufaces like " slicken-sides." This makes a part of 
the bed of the river and changes into a little different color in the bank on the opposite 
side. Here the cleavage surfaces are smeared, as it were, with a lighter color, while 
fractures show the interior to be nearly black. A couple of miles of near-ly level 
gTound in the valley, and two more crossings of the river, with occasiolnal outclops 
of light gray talcose slate, takes us to the village of Vega, spread out on a beautiful 
plain oni the verge of the Camu River. 

The debris of the Camu is instructive as illustrlating the geology of the nearly 
inaccessible and entirely unfrequented hills through which it flows. I founld a black- 
and-white coarse-grainied syeilite coming from the belt liear Jarabacoa, very similar 
to some from the Jaina. Other pebbles of finer gr-ain are not rare, and among the 
utsual varieties of metamorphic slates and sandstones, including those just mentioned 
above, I found pieces of a dark-green metamorphic coniglomerate, with small pebbles, 
almost identical with a bed in the Ocoa just south of Maniel. 
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Vega is the radiatilng point of all the ustually-travelled routes across the sierra. 
The Jarabacoa and Constanza Pass is continued by a " camino real " to this town, 
while all other otutlets to Jarabacoa are simply mountain trails. From here the 
Boneo road sends one pass across by Mount Vanilejo and another down the Jaina, 
while the Cotuli road also sends off two branches, onie to Yamoso, the other across 
the Sillon de la Viuda. The route past Vanilejo to Maniel was explored by Mr. A. 
Pennell, whose niotes furnish me with all the information I possess as to that part of 
it lying between Aguacate on the north side and Rancho Arriba on the south. The 
others I have crossed repeatedly, havinig been over the last twenty-six times, and 
over the Jaina ten or eleven. Although the San Pedro route (as that by the Sillon 
is called) is twenty miles longer, it is so much better in the absence of mud that, 
except in the driest weather, most travellers prefer it to the Jaina Pass. This should 
not be; the latter is far the best in the matter of grade, and at a trifling expense could 
be made a very fair wagon-road, while the heavy hills of the Sillon and Cuesta Blanca 
can only be crossed comfortably by horse-trails. The road fromVega runs at the margin- 
of the hills for seven miles before it branches, when one part starts lnearly south to 
Bonao, and the other branch runs east-southeast to Cotui. The latter road skirts 
along the extreme outer margins of all of the hills, and is almost without exception 
level, while the former though by no means mountainous crosses occasional spurs. 
Four miles sotutheast of Vega on this road, before reaching the fork, there is in the 
middle of the road a little outcrop of a rock found nowhere else on the north side of 
the Island, although it has been observed in several places on the plailns of the southern 
slope. It is an impure earthy peroxide of iron, and seems to be a replacement, a 
pseudo-morphism, so to speak, of the slates. It is by no means extensive, anid is too 
impure to be of any economic value. The neighboring rock is niot peculiar in any 
respect. It is slate of various kinds, usually more argillaceous than magnesian, and 
with occasional beds of fine-grained sandstone. 

Beyond the fork, the road to Bonao runs through a series of savanaas and over 
low rollinig spurs, climbs over the red talcose slate hills of Mas-si-ptuede ("More if 
you can") anld then crosses the Yuna River, with its pebbly bed full of slate 
and-sandstone boulders fiom the metamorphic rocks of tlle immediate neighborhood, 
and of hard syeiite from furither back in the mounitains. Still fturtlher soutlh, clossing 
inore savanas, beyond Bonao, it ascends other hills clad with pine and covered with 
the usual red. soil. The rock is a serpentinoid shale, niot unlike that described in the 
Jarabacoa toad, and containis numerous streaks of quartz; but so far as I haye been 
able to ascertain, both hy " prospecting " ' the stream-that is, washing the sand in a 
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gold-pan-and by careful inquiry, I have never been able to learn of the existence of 
gold in the region. After crossing the hill, which is not very long, the trail crosses 
a little ca?non principally remarkable for the great size of the rounded sandstone 
boulders in its bed. Some of these, of tons weight, are as rotinded as if they had been 
rolled for many miles, though their source is in the hill sides that flank the ravine. 
The sandstone is a light gray, and the size of the boulders indicates a heavy bedding, 
only equalled in the formation by the thick strata of the Tablas Hills west of Bani. 
After crbssing the ca-non and climbing over rough rocks to the summit, the traveller 
finds himself on a narrow ridge of slates, bounded by deep ca-nons and often with no 
forest growth-rolling savanas, or, as, they would be called in the United States, 
" prairie hills," alternating with open pieces of pine woods. In the bottoms other 
trees take the places of the pine, and in the low-lying savanas the " ohancha " (hojo 
ancha, or broad leaf) predominates-a tree remarkable for its rounded leaf, often more 
than a foot in diameter, and for its straight trunk of hard wood, much used in building 
or wherever posts have to be planted in moist ground. The soil is of a bright red 
throughout these hills, and in some places furnishes an excellent clay, used, however, 
onily for making the coarse pot.tery or the red earthen pipe-heads used universally by 
the people of the country. The underlying shales are nearly always talcose. At 
Piedra Blanca there is a fissile gray slate that has a decidedly semi-crystalline look, 
out it is limited in extent. The same slates and same red soils continue, with a rare 
bed of sandstone, across the Aguacate Creek to the hill of Laguneta. In the last- 
mentioned stream is found the usual mixture of a few slates and many sandstone 
pebbles that would be very apt to deceive a careless observer. The softer material 
is so promptly triturated to sand or mud that it does not make a due proportion of 
the pebbles, while the little quartz-certainly not half nor quarter of a percentage of 
the rock in place in some parts makes the greater bulk of the stones in the streams. 

The trail across by way of the Maimon River, Mount Vanilejo and the Upper 
Nizao to Maniiel, breaks off at Piedra Blanca, and follows up the bottom of the Mai- 
mon, constanitly crossing the stream until it reaches the foot of the mountain. Mr. 
Pennell describes it as being a rough mountain trail, difficult at all times, but probably 
almost impassible during the rainy seasoni. He says that the syenite belt, with 
which he is familiar, near Jarabacoa, comes down the MIaimon, almost to the fork of 
the road. I have observed the debris in the Maimon to be composed almost wholly 
of this rock, but never saw the line of divisioni. He fuither describes it as extend- 
ing from there past the head of the ri-ver and across the mourltain, making up the 
whole of Vanilejo peak, disappearing under the slates on its southern slope, niear the 
base. 
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From there, the heavy bedded sandstones of Nizao Arriba, and the jaspery slates 
extend to near Maniel. A specimen of the rock brought on from the north face of 
Mount Vanilejo is a black granitoid material, containing much black hornblend.e, 
very little feldspar, some quartz, and some light reddish-brown mica. From the 
south side I received a very fine-g,rained gray syenite, and from the neighborhood of 
Rancho Arriba, high up on the Nizao River, Mr. Pennell brought reddish brown, 
fine-grained sandstone with lime seams; bluish-grey jaspery slate like that of the 
Nigua, and a white quartz sandstone, full of small crystals of pyrites. The last rock 
is entirely unlike any other encountered by us, but Mr. Pennell reports that the grains 
of pyrites are by nio means a rare feature in the beds of this vicinity. 

The Bonao pass, as it is always called, continues souith from Piedra Blanca, across 
low rolling ground to Aguacate, crosses the creek of the same name, and a short 
piece of rather level ground and then ascends the hill of the Laguneta. At Agua- 
cate, is a little settlement which extends, straggling along both sides of the road, to 
the Maimon Rivei. The inhabitants cultivate a little corn and tobacco, and raise a 
few pigs which run wild in the surrounding forest. The place owes its only impor- 
tance, peihaps its existence, to the fact that it is the last spot with inhabitants; really 
the last spot comfortably habitable before crossinog the mountains. The hills of La- 
guneta are too steep and the ca'nons too narrow to give a good site for occupation, 
and, although the savanas on the summit of the Laguneta ridge are broad enough for 
a good-sized village, the nearest water is hundreds of feet down in the bottoms. This 
ridge is made up of a gray to greenish semi-talcose slate, and is full of quartz veins, 
some of them four and five feet thick. The quartz is so abundant here as to make a 
very large part, possibly as much as a third of the mass. I have already alluded to 
the filue views obtained from this point. Half a mile of these grassy hills take IIs to 
the edge of the woods of the main ridge, and here the scattered pine trees give way 
along a sharp line of demarkation to a forest in every respect tropical. The unider- 
lying rock is a white shale, very soft, easily decomposing on exposure, stained every- 
where with peroxide of iiron, and making a clay soil of a brick red color that is almost 
impervious to water. It is covered witlh a denlse growth of an infinitude of species 
of large treess tangled and tied together by long vines, some of them with truinks as 
thick as the trces that support them, climbing to the tops of the tallest trees anld 
lhaniginig in festoons or loops across every open space. Nor is the umdergrowth less 
dense. The young trees, .with their entanglement of smaller vines, the bushes and 
shrubs are all overgrown with the terrible yabacoa grass, a climbing plant, jointed 
and leaved like a grass, every leaf with a notched edge that cuts like a knife. The 
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traveller who sees a branich of it hanging from some projecting lib, puts up hiis 
hand to defend his face and finds it, not scratched, but cut so as to draw blood; the 
wound being the more painful because made by a rough iinstead of a sharp edge. The 
forest continues along and over the summit of the mountain which is nowhere 
very high, though rising in higher peaks on both sides of the pass. Within a- 
mile after passing. the highest point the forest ends as abruptly as it began, and 
the savana de la Puerta, into which the road opens, is a grassy hill side, bounded 
on all sides with trees, a beautiful rolling slope of prairie of two or three 
hundred acres. Near the upper end there are many ouLtcrops of quartz, and pieces 
of milky white quartz are niot rare in the red soil. The Guananitos Creek, which rises 
in the main ridge and flows along the eastern and southern mar gins of this savana, con- 
tainis a little gold, though probably not enough to warrant any attempts at mining; 
although its body of water would -be amply sufficient for such a purpose. Immedi- 
ately onl leavinig the Puerta, the road becomes a mud-hole ; it runs for some dis- 
tance through clay that is hardly ever dry, and is usually knee deep to horses ; it 
crosses several small streams, in the beds of which anigular quartz pebbles make the 
greater palt of the bottom, and runs down the valley of the Guananitos, a rich river 
bottom, where the soil is of unknown depth-a black muck, always wet, and through. 
which the poorl horses have to flounder often belly deep in mud. But this region 
belongs more properly to the southern district, and will be described in that chapter. 

After leaving the fork, the Cotui road passes one or two points of hills made up 
of clay slates and the white anid red talcose slate which often look like a thorouglhly 
decomposed granite. But few other rock exposures occur until near t.he crossing of 
the Yuna, when a range of low hills is encountered, made up of hard clay slate. These 
show no outcrops, except little ones in the road where tr>avel has worn away the thin 
soil. The spur s to the west of the road, border>ing the savanas, are almost all low, 
long l)oints, wooded to their bases, and with long tongues of grassy lanid r>unninig up 
between them. Some few ate isolated and very steep and of fantastic forms. Before 
reaching the Yunla, a little grey limestone erops out as flat exposures in the valley, 
and one other such crosses the iroad about six miles fiom Cotui. After crossinl 
the river, there is a long hill a mile wide bordering its soutliern shore, made 
up of gray talcose and magnesiani slate, but with no ascerltainable dip. Firom the 
limestone outcrops, a strike can be deciphered runninig, as usu-al, nearly east and west. 
A little cross trail througlh the woods, follows u.p the valley of the Yuna to the 
Maimon, up its valley to the Hatillo de Maimoni, and thelnce across the hills to Piedr>a 
Blanca. This gives an excellenit opportuinity of ascertaining the geology of the 
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space between the two roads, not only along the trail itself, but of all the region 
around the Hatillo. The section along the River is not very perfect, showing only 
here and there a slate outcrop, covered with a thick soil of the usual red clay, a con- 
dition of affairs that is repeated on the grassy and pine covered hills, and across the 
"Ohancha" (or Ioja Ancha) savana between Hatillo and Piedra Blanca. But, 
while there is no limestone seen on the Bonao road, large hills of it occur on both 
sides of the Maimon at Hatillo. Possibly this absence may be accounted for by its 
passing under one of the numerous savanias on the road, but this explanation will 
hardly hold good if applied to the road between Cotui and Yamasa, or still further 
east on the San Pedro road via Cevico. 

The Hatillo is destined to become prominent in the future, should the country 
ever arrive at such a stage of development as to improve its water-ways, and give 
cheap transportation to the coast for its natural products. "Slack-water" niaviga- 
tion can be practiced successfully on the Yuna and Maimon to, or beyond this point, 
with less difficulty and expense than on the Schuylkill River in Pennsylvaniia. True, 
there are no great coal fields to be opened, but the iron deposits of the Maimon, if 
not so valuable as the Schuylkill coal basin, are yet important enough 'to pay for im- 
proving the natural outlet that exists for them to the Bay of Saman'a. The agricul- 
tural interests of the Veja Valley would fully warrant all the expense of opening the 
Yuna to beyond Cotui, and the iron mines of the Maimon would readily repay the 
additional outlay required on the remaining fifteen or eighteen miles on that river to 
the Hatillo. And I would not dare to say that they might niot warrant the entire 
expense, were there no collateral advantage to be derived fiom the undertaking. 
The Maimon is deep enough to float a flat-boat everywhere except on its rapids, even 
in the driest seasons, and the rapids are simply gravel banks, that could be rendered 
deep enough by confininig the stream in a narrower channiiel, possibly aided by occa- 
sional dredgring. There is not a single rocky reef along the whole stream, and no 
descent so difficult to overcome as the rapids of the Ohio. None that could not be 
ascended by an ordinary steamboat, towing its barges, as is practiced on the streams 
of the Mississippi Valley, or on the Feather River of California. 

The Iron Mountain of Hatillo is on the south baink of the Maimnon. It is a rounded 
hill over a hundred feet high, several hundred feet long anld, in 'all, about thi-ee or 
four hundred feet across, fronm the savana oni one side to the base on the other, alnmost 
touchin-g the river bank. The side nearest the river is a solid mass of semi-crystal- 
line limestone, more nearly resembling marble than any other rock oni the island; while 
the southerni lhalf is ain equally solid mass of very comipact maonetic iron-stone, comn- 
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posed of between 67 and 68 per cent. of metallic iron, according to the analysis of 
Professor Chandler, of the Columbia College School of Mines, of New York. Thou- 
sands of tons lie scattered over the surface or embedded in the soil, only requiring to 
be picked up. There is no section exposed whereby its clharacter can be ascertained, 
and wvithout excavation it would be hazardous to venture an opinion as to whether 
it is a vein or simply a lenticular mass. The latter seems the more probable 
*hypothesis, since the outcrop is so limited longitudinally, and judging from 
analog,y with similar masses in the United States. Beyond the hill, all signs 
of metal disappear on the surface, except such stray blocks as can with a greater 
show of probability be attributed to the hill itself. But for all practical purposes, 
the Iron Mountain is an inexhaustible mine. Its advantages are einhanced by 
its proximity to a navigable stream, the nearness of limestone and by its being in the 
heart of a great forest where unlimited supplies of hard wood can be made to yield 
all the fuel required for furnaces. Nor is this hill the only deposit of the mineral in 
the vicinity. I visited one other about three miles distalnt, where the quantity of iron 
was still greater but, though equally well situated with reference to flux and fuel, its 
facilities for extraction are not so good. It is on the opposite (north) side of the 
Maimon Valley, in the hills, and where a railroad could be made without difficulty to 
the river; but the three miles, more or less of land carriage, though trifling, is a com- 
parative disadvantage. It is a curious sight to see, as in that case, a moulntain stream, 
tumbling and splashing down a steep ravine, under, around and over great boulders, 
many of them several feet in diameter, anid all of them solid, black ir onstone of the 
finest quality. Although I was -told that other equally valuable " iron mines," to the 
number of three or four, were known in the vicinity, I could obtain no guides to 
them or reliable information concerning them. I spent a couple of days in fruitless 
search, accompanied by persons who professed to know them, and finally abanidoned 
tlhe hu.nt, with- the impression that they did not exist. It is not impossible however 
that I was purposely misled by my guides, good hearted but ignorant people who, 
not understanding the object of my visit, mav have become suspicious. 

In the same viciniity are some "copper mines'" which have been known for genera- 
tions. They are two or three miles to the southeast of the Hatillo, on top of a bare, 
grass-covered hill from which an excellent view of the north flank of the range cani 
be obtained. The rock is a talcose slate of a light yellowish brown color and is 
stained everywhere with copper. Little grainis and sometimes even good sized lumps 
of .green and blue carbonates of copper fill cavities, but not thie most remote 
approach to vein structure exists. Here have been the most extensive mining 
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operations in the Republic, except those in the topper mine of Monte Mateo, on the 
Nigua. Many sur-face-pits have been dug, numerous cross-cut ditches excavated 
evidently in search of an outcrop, and one shaft is said to have been sunk. But the 
caving in of the shaft, accompanied by a fatal accident, the death of the father of 
my guide, many years ago, led to the abandonment of all farther prosecution of the 
enterprise; but none too soon for the pockets of the miners. There is no possible 
chance for the discovery of a vein on the spot. In malny of its features it is most 
cuLriously like the hundreds of copper mines of the California coast range, and like 
them, the little " copper stain" has sufficed to delude one party after another. I see 
no reason to disbelieve the stories told me, of nests of copper ore beiiig found and 
smelted, and of ingots of the metal having been obtained. This frequently ocetrs 
under similar circumstances elsewhere. At the "Osos " mine near San Luis Obispo, 
California, the superintendent informed me that the mine had yielded up to the time 
of my visit about $5,000 worth of copper, and at a cost, as I learned on a little cross- 
questioning, of about $5,000 worth of gold, But neither of us could then see any 
very encouraging prospect of more copper; though he apparently thought that so 
much copper gives a pretty good earnest of more gold fiom the pockets of the stock- 
holders. 

A mile or two from the " copper mine" there is a high grassy hill made up in great 
part of a coarse-grained brown sandstone, with an unusually low northern dip. It is 
less altered than is usuially the case in this vicinity, and is a point of considerable 
interest in the neighborhood, on account of an efflorescence on the face of a sand- 
stone bluff, near its summit, of a whitish alkaline substance. The " alkali " occurs as 
a powder, too fine and too small in quantity to be collected successfully; but on 
applying it to the tongue, I could detect no recognizable difference between it, and 
the snowy abomination of the Nevada deserts. 

The pass across the mountains from Cotui to Yamasa runs through low hills almost 
all of the way in full view of this point. It winds southwestward, branching off 
from the Cevico road within a mile of Cotui, and winds its way across rolling savainas, 
crossing innumerable little streams and without crossing any hill of note strikes the 
upper waters of the Ozama. Although the easiest pass in very dry weather, it is bad 
when rains have swollen the streams or softened the soil. But it is capable of being 
very much improved; and except for its greater length, it is not impossible that this 
might not only be made much better than is possible with the Bonao route, but might 
become the best pass across the mountains. The low rounded hills and long stretches 
of valley which characterize the route, give it an advantage which is niow counter- 
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balanced by the great number of streams to be crossed and by the sticky mud that 
hardly ever d-ries, shaded as it is by the dense forest. Rock exposures along the r-oad 
are very few and unsatisfactory, but, wherever found, they show invariably a shale, 
magnesian or argillaceous and without determinable dip. None of the limestone of 
Ilatillo was seen. 

Very different from this pass is the road that passes through Cevico and crosses 
the Sillon de la Viuda. After crossing some small. savanas anid rollinig hills to the 
arroyo Chaquey, with the usual red soil on all the hills, and occasional outcrops of 
white and red talcose slates and some sandstones it crosses a bold hill, the Loma de 
los Palos. It has been observed that Mahogany is found only on calcareous soils, 
and, although no limestone has ever been encountered on this road, there is quite an 
extensive " mahogainy cut " on the -west side of this hill. I have never been able to 
decide whether this is indicative of a little outcrop of Sierra limestonie, or is, as is 
more probably the case, due to the presence of an outline of Miocene sandstone, such 
as is found a few miles further east. The latter theoly is the most plausible. The 
hill itself is quite stony, though few outcrops occur except at its eastern base where 
coarse sandstone blocks are quite nu'merous, although most of the little rock. visible, 
in place, is the soft shale so characteristic of this region, and that differs but little 
from the superposed clay in consistency. After passing a little beyond the base of 
this hill, in the bed of the first stream, there is a good exposure of the highest mem- 
ber of the Dominican Miocene, a light-colored limestone, lying horizontally on the 
shales, amorphous, almost crystalline in appearance, thouigh not in reality, and contain- 
ing a few., btut unmistakable, foraminifera-principally the little nummulite-like 
fossil so useful everywhere else in identifying the formation, and which is foind 
throughout the formation fiom the blue shale to the top of the series. This commences 
about three miles west of Cevico and continues uninterruptedly to a mile south. At 
Cevico I detected in addition, corals and a few mollusca. After passing beyond the 
region of Tertiary, which extends back between the hills of the range like a bay, the 
road rises gr adually over a succession of low-rolling savanas to a point five miles 
from the town where it enters the forest, and almost immediately begins to climb the 
high spur of the Cuesta Blanca, or white ridge; the horse-trail winding between and 
over blocks of coarse sandstone, some of them two and three feet across. Just be- 
yond the summit on the souithern slope, where the ridge is but a few feet wide, the 
tr ail is pinched so narrow that a horse cani hardly squeeze through between the an- 
gtilar masses of a couple of beds or dykes of a whitish rock, which gives its name 
to the hill. I admit my inability to decide the character of this rock. Even under 
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the glass, I could not determine, after many examinations, whetlher its whitish, gianu- 
lar appearance is due to the crystals of a fine-grained granitoid, or to the grains of a 
metamorphosed sandstone. The masses, whether beds or dykes, are so nearly verti- 
cal that I could make out no inclination to either side in the small outcrop exposed. 
As I have stated elsewhere, twenty-six times have I crossed this trail, and as I write, 
I am no nearer a satisfactory solution of the problemn than the first time I saw the 
rock and knocked off a couple of specimens. 

Between the Cuesta Blanca and the main ridge, there is a broad valley watered 
by the three branches of the Arroyo Payabo, and dotted by little hills, mere undula- 
tions of the surface. The region is a pleasantly varied country of little park-like 
savanas, separated by stretchles of forest, through which roam wild cattle and pigs, 
and although on the principal tlhoroughfare of the Republic, without a humall inhabi- 
tant for twenty miles from Cevico to the one house at San Pedro on the southern 
savana. Nothing so strongly impresses one with the sparseness of the population as 
to see a tract like this, capable of furnishing comfortable and healthy towns to thou- 
sands entirely unoccupied. It sounds like "vain repetitioii" to say that here again, 
the white shale, usually stained red with iron and easily decomposed, showing no 
large outcrops and no determinable dip, makes all this valley and all -of the mounltain 
of the Sillon de la Viuda. This applies, almost without modification to the remainder 
of the range eastward, with the little exceptions which will be noted. Almost all of 
the streams wash out a few pebbles of sandstone and occasionally, as in the Arroyo 
Vermejo, south of the range, near San Pedro, the shale is a little harder than 
usual. There is no change in the character of the hills about Monte Plata and Boya 
except a diminished height. But on the northern edge of the range, the Miocene 
limestone of Cevico gains importance eastward; and sometimes as beds of limestone 
with a sufficiency though nowhere an abundance of characteristic fossils; sometimes 
as a sandstone, it borders the range or caps the summits, always however horizontal. 

The best exposure of these sandstones is in the peculiar little hills of the west 
side of San Lorenzo Bay. The same hills border all of the sou-th side of Samana 
Bay west of this point and form a very marked range inland. I caii only describe 
its outline as onie of which all of the highest points are on a level, and which is made 
up of a series of lumps of pretty nearly uniform size. Closer inspection shows, that 
these lumps are exceedingly steep hills, evidently formed by denudation, but so close to 
each other -that no level land exists between them. Where they reach the shore of 
the bay, they usually terminate in precipitous walls, undermined by the " wash " of 
the tide to a horizontal distance of three or four feet. This same excavating force 
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has also quiarried out innumerable eaverns of no mean size. I spent a week investi- 
gating this regioni and visited many of the caves, but found them so numerous that 
the task became at last somewhat monotonous. A few of the caverns are now far 
outt of reach of the water, and in one of them I made my headquarters. The entire 
length of this cave is about 200 feet. It is by no means the largest; one in anl ad- 
joining hill being at least twice the size. This cave occupies almost the entire in- 
terior of one of the hills, the entrance being on one side, while at the extreme back 
end a window-like opening in the roof overlooks the water on the other side. Below 
the mouth is a broad piece of smooth sand beach covered with mangroves and cocoa- 
nut trees, from which a gentle slope of a dozen feet or more leads up the entrance. 
Inside, the floor is level throughouit, while the roof is worn into a series of broad 
arches. Very few stalactites, and none of any beauty, occur in, this or any of the 
other caves; an occasional opaque white fringe along a creek, or a massive shapeless 
column being about the only productions of this class. In no case did I find the 
slightest trace of stalagmitic floor. These caves give us one of the strongest proofs 
that exist of the recent and yet continliing uplifting of the land. Some of them are 
twenty feet above tide-water, while the arched-roofs of others are more than twice 
that height. Others are at lower levels, while still others are in process of formation 
or only just begun. The excavating action seems to take place only about the sur- 
face level of the sea. In all cases the bluffs are undermined a few feet, while occa- 
sionally the cavity extends a much greater distance, but so low as not to permit the 
entrance of a boat-an incipient cavern. Where the ordiinary undermining onily is 
taking place the excavation does not occur higher than the splash of high tide; a 
fact well proven by live mangrove oysters growing in great clusters under the shelves.. 
The largest cave is in part open yet to the sea, which washes through a dozen doors 
or under low arches. The floor of the lower chambers is a beach of calcareous sand- 
stone pebbles strewn with drift-wood and covered at high tides by the sea. At one 
end of this hall, so to speak, a little opening hardly large enough to crawl through, 
gives access to another series of large chambers at a higher level. The walls alre all 
creamy-white, except where defaced by the smoke of the few canidles and torches 
that seem to have entered here. These dark recesses do not seem to be favorite 
places of resort. 

Carefuil searchl was made in all the caves where any depth of deposit existed over 
the rock-bottom, in hopes of finding some remains of cave animals, such as those 
described from Anguilla, but nione seem to exist. In the cave where I slept there- 
is an extensive and interesting kitchen-mnidden divisible into two eras; the older 
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marked only by shells anid a few turtle and fish bones, resting on the rocky floor, and 
through which I excavated to a depth of nine feet. Over this is a thinner layer of 
ashes with bones of birds, agouti, fish and turtles, and ani abundance of pottery evi- 
dently of the immediately pre-Columbian era. Over this, liberally intermixed with 
bat guiano, is a modern deposit of broken earthen and iron kettles and beef and pig 
bones, indicative of a higher, or at least, more modern civilization, though jtustice re- 
quires us to admit that the pottery is inferior in workmaniship, in elaborateness and 
in beauty of desigli to the preceding era. It is a remarkable circumstance, that 
although the Indians of the pottery period maniufactuLed polished stone hatchets and 
other implements equal in degree of finish to the finest ever discovered, and they are 
not rare, not a stone instrument was discovered in the cave, unless we except some 
rotugh rounded pebbles found among the shells, and which seem to have been used as 
hammers for extracting the mollusea. I may also mention, although irrelevant, that 
no arrow or lance heads have ever, so far as I can learn, been found in the country, 
notwithstanding that the jaspers of the Nigua, of which the hatchets were made, are 
admirably adapted for this puirpose. The absence of any mammal larger than the 
timid little agoiuti, and of any birds fit for food, except the pigeonls, equally difficult 
of approach. probably reindered the use of arrows for the chase nearly unnecessary; 
while not improbably firagments of shells, or the innumerable varieties of hard woods, 
much easier to prepare than stone-tips, may have answered the required purpose in 
warfare. This explanation is of course purely hypothetical. 

The Bay of San Lorenzo is bounded on the west by these hills and the little out- 
lying islands, while its eastern side is a flat sandy plain, with little patches of wood 
and broad savanias. Savana-la-Mar, a few miles further east, is at the base of the 
first piece of elevated land oni this plain, a little low hill of Cretaceous shale, whose 
outcrops in the bluff are barely large enough to enable one to identify the formatioll. 
Theie is no pass across the mountains further east than this, and this road is so 
muiddy at best of times that it has the reputation of being the worst on the Island. 
It is so bad that experts prefer to travel it when it is wettest, because the mud, al- 
ways soft, is then less sticky, and although the horses sinlk perhaps a trifle deeper, 
they have less difficulty ill pulling their feet out of the mud. The constant rains 
maintain a vegetation so denise that the sun never penetrates to the ground, little 
evaporation takes place and the wet soil completes the circle by stimulatinlg to greater 
rankness the already too dense forest. Open places, like Savania Grande for instance, 
are not unpleasantly wet and piove that, -the woods cleared away, the whole range 
could be rendered habitable; while the rains due to the trade-winds would diminish 
but little in quantity and would maintain a degree of fertility difficult to surpass. 
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On the level lainds north of the hills there is but little mud, except in a few 
places where the road runis through strips of woods, but soutlh of a little settlement 
called el Valle, the road enters the forest. At first the rolling ground uinderlaid by 
alternating strata of shales and thin-bedded sandstones, is niot remarkably wet, but 
as soon as the hills proper are entered the quantity of mud m-iust be seen to be be- 
lieved. The summit of Loma de los M{uertos, half a dozen miles in a direct line south 
of Savana-la-Mar, is capped with a not very thick horizontal deposit of the Miocene 
linestone sinmilar to that near Cevico, in which I found corals identical with those 
from the Samba hills, and fragments of the tubes of an undescribed Kuphus which 
abounds in the yellow shales between Esperanza and Guayubin. These fossils, 
though not abundanit, amply suffice to fix the age of the formation. The belt, which 
is a mere cap, is very narrow, anid although it apparently unites, across the trackless 
hills with the same rock at San Lorelnzo and on the nmargin of the Yuma Valley, I 
was able only to draw my deductions by their appearance at a distance. It evidently 
does not extend very far to the eastward. Its southern margin is soon reached and 
the clay slates and thiln bedded sandstones reappear wherever the unsatisfactory 
little outcrops show themselves. The two or three miles between the base of this 
hill and the Savana Grande, are through a swamp of black mud where ever y traveller 
avoids, so far as he can, the tracks of his predecessors, and where, by the configura- 
tion of the surface, he is forced into the " road " his poor horses flounder belly-deep 
in mud. Savana Grande is a rolling prairie covered with abunidalnce of grass and 
inhabited by half a dozen families who live by " takino' in ' travellers. But where 
everybody carries his own bed and board, hotel-keeping is nlot a a"paying" business 
Horse-feed is their prinicipal source of revenue; for even the most careless ar-e hardly 
content to let their horses forage without ani extra feed with such a journey before or 
behind them. Beyond this place a succession of little savanas in the woods, with 
the regular accompaniment of dry and muddy places, over Cretaceous rocks, takes the 
traveller a couple of miles, after which he crosses another strip of Mliocene similar to 
the first except that it here fills the basin instead of cappilg a hill. It is also very 
narrow and but a few feet in thickness, as if it were the thinning-otut edge of the 
deposit. After this, the grounid becomes more rolling and drier, and the red and 
white shales, so often described, appear, briniging with them a different looking 
country. These conitinue to a high ridge, the Loma de los Castellanos, where the 
shales are much harder, some of them almost jaspery. Although the exposures ale 
large and the shales project in many places, especially on the south face of the hill, 
I have endeavored in vain to decide on a certain measurement of the bedding. Ex- 
cept the vague statement that the strike, as usual, seems to be nearly east and west, 
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I cotuld obtain no apparent dip that was not immediately conitradicted by another as 
well marked in another direction. The metamorphic action has almost completely 
destroyed the stratification of the r-ocks. 

My personal explorations did not continue beyond this point eastward, but Mr. 
Runnebaum, who explored the outside of the range, both on the coast and inland 
(there are no roads across it except a few pig-hunter's trails), reported that no 
changes occur. The same slates, with ill-defined bedding, occasional pieces of sand- 
stone in the creeks and a little barreni quartz, make this region a mere repetition of 
that already described; while the absoluite absence of iiihabitants and means of com- 
munication renider the obtainiing of any information extremely difficult. 

CHAPTER IX. 

GEOLOGY OF THE NORTHERN VALLEYS AND FOOT-HILLS OF THE MAIN CHAIN. 

The preceding chapter has been devoted, with one or two trifling exceptions, to a 
descriptionl at the same time of the central Sierra, and to the rocks which from beillg 
almost exclusively confined to it, I called provisionally the "Sierra Group." Except 
part of the Peninsula of Samana, and a little outline near Puerto Plata, all of that 
portioni of the Island lying north of these mountains is made up of the two members 
of the Tertiary described in p)receding chapters. The long depressioni of the Cibao, 
includiing the valleys of the Yaqui on the west and tlhe Yuma on the east, is under- 
laid by the older or Miocene group, which also constitutes the Monte Cristi range, 
while the more moderni coast formation simply borders the sea as its name implies. 

The base of the Miocene at Tabera has beeni already described, consisting of 
heavy beds of a coarse gray san dstone, highly ulptilted and lying oni the flanks of the 
C(retaceous slates at Tabera, on the Yaqui south of Santiago. From there an excel- 
lent natural section extends to the Angostura (or narrows) of the Yaqui near Santi- 
ago, the dip becoming gradually lower until at that place it falls as low as 50 to the 
north. The dark sandstones dip under, and the beds at Anigostura are higher- in the 
ser-ies; being made up of dark-colored shales, with seams of a dark-bluish conglome- 
r ate fuill of fossils firom which I extr acted with great difficulty some few species, all 
identical with those from the blue sbale. This conglomerate is a very shallow water 
or perhaps beach deposit, being made up of roun-,ded pebbles. broken slhells and coni- 
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taining much fossilized wood, sometimes showing tubes of teredos. Over the dark 
shale tlhere is a bed of the yellow shale similar to that near Guayubin, and at the top 
of the section a little white limestone, similar to that, which caps so much of the 
Mont.e Cristi range, and the equivalent of that of Cevico and. elsewhere. A broad 
depression in the strata, almost too shallow to be dignified by.the name of a synelinal 
axis, causes the older beds to nearly disappear; but in the bluff at Santiago, cut 
through by the Yaqui on one side and by the little gully called the Nivaje which 
empties into it, a good section is obtained again, here entirely in the blue shale. The 
term "Nivaje shale " is ill chosen, the little stream after which it is named being a 
mere gutter, while Santiago, imulediately adjoiniing the stream, is a place of import- 
ance and much more worthy of applying its name, should a distinctive title be con- 
sidered necessary; or a dozen localities could have been selected whose names would 
have been equally distinctive anid much more suitable. 

At the mouth of the Bao (or Cibao) the dark shales are seeni in contact with the 
underlying coarse sandstones just mentioned. 

At Santiago, a vertical section of sixty feet through the blue shale shows its 
bedding perfectly. It is rarely lhoizontal in the valley, but the dips are invariably 
so low that they are hardly worth nloting. Here it is a few degrees to the south. 

In the valley of the Yaqui, after leaving the immediate vicinity of the town 
where the low hills r-uni down to the river bank, there are very few- exposures. At 
some distance from the riiver occasional outcrops can be seen, some in the beds of 
streams, others peeping thr-ough the soil; but in the foot-hills of the mountains and 
throuigh the Samba range we have excellent opportuniities of studying the formation. 
A rare circumstance in this coun try occurs in the existence -of a few terraces south 
of the Yaqui. Those on the Mao will be noticed hereafter, and bordering the river 
on the "outer" Savaneta road, within a few miles of Santiago, the terraces are 
extremely well marked with bluff faces of river debris, which I estimated ut eighty 
feet in height. The banks of the river are -made up of pebbles and gravel derived 
from the roclis of the sierra alnd from the sandstone strata of the Miocene; but no 
exposuri es occur of beds in situ. 

South of this, far back in the hills at the crossing of the Bao, the conglomerate 
beds of Angostura reappear, here of a dark red color and with the pebbles -usually 
very small, cemented by a calcareous matrix. While these conglomerate beds anld 
the adjoining sandstone strata have a high northeast dip, the overlying beds fuirther 
north repeat the condition of affairs along the Yaqui, and fall gradually to nearly a 
horizontal. 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



- OF SANTO- DOMINGO. 151 

The Samba hills, endilng eastWardly in the loma Caracoles and loma Seboruco, are 
a low range, in part isolated from the main chain, and lie midway between its foot' 
hills and the river. They are made up entirely of Tertiary rocks, and affor-d some 
excellent sections for study. The last-named are low and are separated from the 
foot-hills only by narrow cainons. The road runs along the north base of the latter, 
and shows it capped with white limestone and calcareous limestone, dipping north at 
low angles, and abounding in corals of the massive for-ms. Very few mollusca were 
discovered in this vicinity. The soil between the hills and the river is a black muid, 
similar to that found opposite, at Ponton, and resemblinig that of the vicinity of 
Moca. Along the entire northern face of these hills, east of the Mao River, corals, 
more especially of the more solid kinds, are strewn qver the surface or project fiom 
the decomposing rocks. Usually they are so weathered as to show no distinctive 
characters; but occasionally, especially where the matrix has been moderately soft, they 
are as well preserved and the surfaces as sharp as recent specimens. A great mass of 
Meandrina before me, picked up by inyself, weathered out thus on the top of the 
ground, is as perfect as pieces I have fished up on the coast. The Amina River cuts 
through the ralnge between these two hills, and exposes a bluff of blue shale, rich in 
fossils, dipping, as is always the case in these hills, at a low angle north. The strike, 
if such can be said to exist, with a dip never exceeding 100, is strictly coilncident 
everywhere with the direction of the hills, while the dip is equally constant towards 
the valley. At this point the Tertiary is seriously encroached on by the Cretaceous 
rocks which extend northward, their upturned edges being but thinly covered by the 
later fornmation. On the Guanajuma the two formations are in conitact, bu1t a few 
hundred yards south of the road that crosses at Bohie Viejo. The slates of the 
Sierra strike due east and west and dip south fiom (350 to 70?, while the nearly 
horizontal Miocene, here represented by the gravel beds of the Mao, overlie them at 
various levels. I found some little patches of this gravel a quarter of a mile south 
of the boundary, fillinig depressions but a few rods across. 

Although the limestones continue for a little farther west on the outer face of the 
range, they thin out gradually, and south of the Samba Hills they are represented 
by beds of gravel which bear the same relation to them that the Azua gravels bear 
to the coast limestone. In the hills covered with grass and guano-palm, over which 
the road runs between Bohio Viejo and the settlements on the Mao, these gravels 
first come in as an important matter of the formation; and here they conisist of beds 
of coarse gravel, alternating with strata of coarse and fine sandstolne, anid a peculiar, 
very soft, earthy shale. This latter rock is -especially well developed towards the 
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152 ON THE TOPOGRAPHY AND GEOLOGY 

Mao, in the upper part of the hill above Naranjo and Cana Fistula, but elsewhere the 
sandstone is abundant. I hadan excellent opportunity of examining the deposit in a 
section cut by a little stream running north, between the Guanajuna and the Mao. 
On the road, beds of gray sandstone alternate with the above claystone, both, but 
especially the latter, abounding in little Pectenis. North of the road, following the 
spur, the sandstone forms a cap to the entire hill, but has been denuded away to 
different levels, presenting sometimes an appearance of a series of two or three steps, 
one above the other. Below this the gravel is exposed to the nearly vertical walls of 
the ravine, cut through to a depth of about fifty feet. I found an appearance of 
unconformability here that I have never been able to detect elsewhere. A little 
exposure of bluish shale in the bottom in one place seemed to dip slightly while the 
gravel was horizontal. The outcrop of shale, however, was too small to be depended 
on, and the apparent dip eastward is so unusual as to throw a grave suspicion on its 
reliability. The gravel shows, by its included pebbles, whence it came. All of the 
rlocks of the Sierra-syenites, slate, jasper, quartz-are represented, and as might be 
anticipated a little gold is also found. No fossils occur in it, but the sandstone with 
which it is capped conltains numerous specimens of some of the most characteristic 
species. On the hill I found Conus, Pleurotoma, Pecten, Oliva, and other genera 
identical with species from the blue shale. 

On reaching the Mao River a series of four terraces is seen. These are best noted. 
from the top of the ridge above Naranjo; those on the west side, above Hato Viejo, 
beinig better preserved and more marked than those on the east side. Their aggregate 
height is between two hundred and three hundred feet, and they are composed 
entirely of this gravel, which rests northward on the shale in the Samba Hills and 
south at the Angostura or narrows of the Mao, it meets directly upon the upturned 
edges of the highly metamorphosed green jaspery slates and conglomerate of the 
Cretaceous. 

The gravel here acquires a development seen nowhere else, its total thickness 
being probably not less than three hundred feet, while at Cercado, a few miles further 
down the river, it dwindles to less than twenty feet. The little creek called the 
arroyo Guaraguano, emptying inito the Mao firom the southwest at Hato Viejo, has 
cut a section in these beds more marked than that on the Mao. The beds are there 
shown to be perfectly horizolntal, and are made up fiom top to bottom of river debris, 
brought down by the Mao from the interior hills. South of this the gravels cap the 
ridge which runs west of and parallel with the Mao, gradually thinning out, but 
continuiiing horizontal, the lower beds disappearing first, abtutting against the rising 
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OF SANTO 1)OMINGO. 153 

surface of -the un,derlyincg rock. They continue thlus almost to Guiaraguanio, alnd the 
top layers are always the same coarse sandstones, from- which I have collected eight 
species of mIollusca, all of which are common in the blue shale. 

Down the Mao below Hato Viejo, where the river cuts through the Samba range, 
we have a sectioni which is practically a repetition of that on the Amina, except that 
here the gravels overlie the shale. The section is an instructive one., as illustratirng 
the relation between the gravel and the other members of the formation. The dark 
shale with its eharacteristic fossils forms the base, becoming lighter in color towards 
the top. Over it is the gravel, in this case unmistakably conformable, and above 
this the beds of claystone, described as cappinig the hills east of Naranjo, but here 
mnore calcareous, form the sunmmit. These last beds, which in some places are in- 
terstratified with the upper par t of the gr avel, become mor e calcareous northward, 
and are really the equivalent of the limestones of the Monte Cristi range and Cevico. 

Beyond the hills of the Mao this gravel widens outt westward and covers nearly 
all of the little inter ior valley behind the Samba Hills. It covers the rolling plain to 
the GuLabo, and is there again seen on the maragin of the hills ovei-lapping the 
Cretaceous exactly as at the Angostura of the Mao. Where the Gurabo passes the 
Samba Hills the same section is repeated, with the trifling local variation that the 
dip is about 150 to the north. I here collected some species of fbssils not found further 
east, and Mr. Boniaczy obtained for ine a fine series, including many of the lai-ge 
Cassis, which is quite rare elsawhere. One may here tire himself picking up conies 
of a dozen species which weatlher out fiom the bluff by hundr>eds, anid Pleurotoma, 
Fasu,s Turbinella are almost as well iepiresented, while the other shells, though not 
so numerous, are still so abundant that literally a good collectioni may be malde lhere 
in a few mi-nutes for the mere tr-ouble of picking it ul). 

The lower part of the Rio Canna, the next stream west, yields fossils ; but the 
exposure, while showing no new facts, is much less important than the preceding. 
Its course before reaching the hills is across the low r ollinig plains of the Mao gravel, 
which is here horizontal, and is underlaid by the brownish sandy shales so oftenl 
referred to occurring near Guayubin and elsewvhere. In some places these underlying 
shales are exposed in the bed of the stream. The back or southern boundairv of thle 
gravels is reached approximately where the streamr issues f':om the foot-hills of the 
main range, the road crossing it in the slates. 

From the crossing of the Cannia to Savaineta there is a flat plaini of beautiful 

pirairie, with little rolling hills, the whole interspersed with groves or open growth of 
trees and a little cactus. It is underlaid by horizontal beds of the samie gravel i3n 

A. P. S.-Y1L. x. 'I2I. 
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154 ON TIIE TOPOGRAPHY AND GEOLOGY 

the upper' part of which are occasional strata of a calcareo-argillaceous shale, abound- 
ing in fossils, among Which the commonest are Arca grandis and Pleurotorna viigo. 
The formation is well exposed in niumerous sections cut by streams, anid in some of 
them beds of lignite occur similar to the Samana coal. Near Savaneta, at the poin1t 
where the road crosses the Yaguajal, the followillg section was obtained,, mainly 
interesting as illustiative of the relation that the gravels -h ear to the underlyinlg, slhale 
)eds: 

GRAVEL. 

20 feet. 
(Surface denuded,) 

Y-ELLOW SANDY CLAY SIIALES. 12 feet. 

Lix,,NITE. 2i inclhes. 

YELLOW SANDY CLAY SHALES. ,feet. 

LIGNITE. 3- inches. 

BLUE SIIALES. Depth uniknown. 

There is little doubt but the yellow beds which are interposed between the gravels 
anld the " Nivaje," or blue shale, are the equivalent of the yellow shales of Guayubini 
and Saumana, and which in those cases also carry equally insignificant seams of 
lignite, which there, like here, is impure, earthy, semi-laminated, and shr-inks, cracks, 
and disintegrates on exposure to the air. It is ntot necessary to add that it has nio 
possible ecoonomic valie, despite all that hias b:)een sail about " Saman4 coal." 

Althorigh I carried my own examninationis nio fiurther west than Savaneta, some 
of mny assistants have been l)eyolnd there, anid Mr. Ar tlhuir Pennell conducted a 
detailed suirvey of Dajabon, oii tlhe botindary of Hay-ti. He reports the same gravel 
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to extend all of the way, and describes the little hilt of la Gorra as being a trifling 
gravel elevation, capped by hor izontal sandstone similar to the ridges between 
Guaraguano and Hato Viejo. He says this also applies to Loma Jacoba. 

Sotuth of Savaneta, almost adjoining the town, the outer or "first" eruptive belt is 
observed covered by the southern margin of the gravels. Goinig nortlh across the 
plain to Guayubin, by way of the little hamlet of Martin Garcia, nearly parallel with 
the Guayubini River, i1o large outcrops occur, but there are several little exposures 
in the woods and in one savaana just south of the above-named village. The route 
lies over the beds of the above sectioni, btut on tol) of the gralvel there ar-e some small 
deposits equivalent to those in a similar position on the hill east of the Mao River, 
and closely resembling them lithologically. In the savana the horse-trail is worn 
sometimes a foot deep into the ash-gray caleareous elaystone, here occasionally 
seamed with white strealis of earthy lime. Little bluffs of two or three feet high, of 
the same beds, are also exposed along the margins of dry water-courses, and every- 
where fossils are so abuindant and so beauitifully preserved that it is impossible to 
resist the temptation to dismount every few minutes to pick up some little gem of 
a shell too perfect to be left behiild, until overflowing pockets warn one to desist. 
The trifling thickness of the upper part of the formation in this regioln is worthy of 
note. The gr avel-beds ar e liaiPdly a tenth part as thick as oni the Mao, and the 
underlying yellow shales have suffered a similar if nlot so great a loss. A coirresponid- 
ing difference also exists in the height of the Samba Hills, whether caused by a 
deficiency of material or by a diminution of the elevating force. They are barely 
fifty feet high immediately adjoining the Guayubin River, though twice that a mile 
or two east, anid they almost entirely disappear veiy soon after crossing the river. 
The horizontal beds contintue to.their souther-n base undisturbed, and where the road 
first reaches r'isinlg ground, it climiibs a few feet utp the face of a soIrt of bluff, the 
exposed edges of a nearly horizontal sandstone, ftull of Oysters and Spondylus. 
Crossing the hills it is seen that this rock, which doulbtless originially extended 
futLlher south over the plaini, anid which is the equivalenit of the sandstones overlying 
the gravels elsewhere, is bent inito a broad curve, and its niorthern margin is thinned 
out and denuded away. I know of no ease where it occursx except in the hiills directly 
back of the town of' Molnte Cristi. Here a coarse sa;ndstone forms a little tract of 
rollinig gr-ounid overilookilng the towII ; anld althouglh I could not connect it along any 
section with other outcrops, I conisider it firom its positioni to be highl up in tlie series, 
anid most probably the equivalent of these oyster-beds, which it resembles closely in 
color anld lithological character. 
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156 ON TIfE TOPOGRAPHY AND GEOLOGY 

Before proceeding to a description of the north side of the valley, it is probably 
advisable to investigate the relation of the gravel beds and their accompanying sand- 
stone and clay strata to the limestones anid white marls which cap the Monte Cristi 
range, and which form the souLthern border of the formnation near Samana Bay. As 
lhas been demonstrated, 1st, wher-ever the gravels occur they invariably constitute 
the top of the ser ies; 2d, when in conitact witlh older members of the same forma- 
tion they always overlie brownislh or yellowish shales which generally carry beds of 
lignite, anid in turn rest upon darker-colored (usually blue orl bluish) shales; 3d, they 
are never found in the same area with the limestones; and finially, they are a shore 
deposit, the origin of which can still be distinctly recognized in the Mao and lesser 
nieighlsboring mines, anid in the contained pebbles and even gold, which alike poinit to 
the presenit central Cordillera, then simply a smaller island, as their source. The 
whole area covered by the deposit is a long narrow triangle, its base opening like a 
fan to the westward and its apex betweeni the Mao anid the Amina Rivers, perhaps 
not more than fifty niles long and averaging ten miles wide, unless we include the 
sandstone about Monte Cristi, which widens it at that point to niearer twenty. About 
the Mao the pebbles are often angular and boulders of great size are very common; 
but as the distance from this point increases, the large boulders become moore rare, 
anid there is a marked diminution in the average size of the pebbles, facts which 
clearly point to the Mao as the great source of supply, and to a current from east to 
west as the means of distribution. Its southern edge is everywhere in contact with 
anid overlies horizontally the uptuirned edges of' the Sierra slates, while its northern 
margin either thins out, as niear Cercado oni the lower Mao, or changes to a finer sand 
without pebbles, as oni the Guayubin River. 

On the other hand, the limestQnes (in whiclh term I desire to include the true 
limestone-like parts of the north face of the Samba Hills, the rocks on the summit of 
the Monte Cristi range on the Alta Mira and Isabella Passes, those of Samana and 
south of Savana-la-Mar, the calcareous sandstones of San Lorenzo, and the white 
calcareous marls north of Moca) will be found to be equally amenable to the above 
laws, first and seeonid; by changinig the titles of the rocks the third lrule applies, of 
course; and although about Samana Bay they are really shore deposits, these. deposits 
were made in clear water, where no rilver brought down sediment or diluted the salt- 
ness of the sea. It is a fact not less curious than interesting, that in the same area 
there should be two formations whose whole history should be so perfectly preserved 
and of which one should be so perfectly a repetition of the other, as is the case 
between the gravel and the lime-beds of the Dominican. Miocene and Post Pliocene. 
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There is but little to describe in the sixty miles of valley betweeni Monte Cristi 
and Santiago. The sandstone strata-light gray, semi-caleareous, aind containing 
oysters and a few eorals-in the hiills back of Monte Cristi have been already meni- 
tioned. After crossing the trifling elevation caused by these beds, the road runs 
along a clay flat in the river bottom, occasionially passing the point of a low hill 
made up of the sandy beds in the yellow shale. About two miles west of Guayubin, 
little exposures in the road show the yellowish shalo, with a few yellow sandy clay 
beds, nearly horizontal and with an abuLndance of fossils. I collected several species 
of Pleurotoma, Fusus, Nlatica, Conus, C1assis, Oliva, Septaria, Arca, Nlucula and 
corals identical with species from the blue shale of the Sanmba Hills; and three miles 
east of the town, where a little road-cutting of a couple of feet deep showed an 
exposure, I found all of the same species in abundance. The great Area patrncia 
was especially abundant; and this fossil, with the ovster and spondylus, with their 
thick nearly indestr uctible shells, resists the disintegration which destroys the smaller 
species, and lie scattered over the surface or nmixed witlh the soil at a. hundred points 
al'ong the valley. But here it was found in place and in good condition, associated 
with little flakes and -scales of imperfectly crystallized selenite. The selenite is doubt- 
less derived from the decomposition of shells, and where it occurs I have usually 
noticed that fossils disappear entirely. Here they abound, though some are coated 
with glistening crystals of the mineral, showing the change actually taking place. 
East of this point very few fossils were founid ; but this is easily accounted 
for by the fact that the debris firom the mountains covers the valley oni its northern 
margini, while the river deposit hides: nearly everything near its shores. 

About Hatillo de la Palma the bottom is so low that at times the river ovei'flowvs 
its baniks. The soil is consequently marshy but exceedingly rich, and the forest- 
growth is like an island in the midst of the barren-looking acacia and cactus plains. 
But this does not conitintue very far, and soon the traveller emerges in the open sandy 
ground again. On approaching Guayacanes, the cactus becomes more naimerous and 
the acacia-trees more dense until when. the little village is reaclhed. Bfut a sinigle 
house of its doze-n or. twenty is visible from the -road. The remiiainider are scattered 
over a space of a mile, and usually one or two hundr'ed yards fiomil the road. The 
resemblance of this region to the arid plains of Lower( California is verv strikingt. 
The same dry soil cover ed with a scanty carpet of gr ass, the same low, stragglinig- 
limbed, open-foliaged acacia-trees: the same tall columnar cactus, with its under- 
growth of o untias; even the same cloudless sky, make the likeness complete. Near 
the cemetery, about three miles east of G(uayacanies, a little dry water-course shows 

A-. P. S.-VOL. XV. 2N. 
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that the yellow shale continLues, anid at Esperanza the weathered-out shells of Arca, 
Oyster, V4enus, Gassis anld Spondylus, although mixed with surface pebbles, show 
that their source canniot be far distant; and Mr. Bonaczy reported to me the blue 
shale at Ynamagado, south of the river and but a couple of miles distant, dipping: 
north at a very low angle. 

From the little hill, hardly more tha-n a roll in the plain, near Esperanza, and ju:st 
off the road, onie of the finest views in the valley can be obtained. The valley is so, 
level that the hill commands a prospect over ever ything both east and west, while 
there is probably hardly a better spot in the whole region -from which to see the high 
central mountains. It is directly in fiont of the Rucillo, and the whole range can be 
taken in at one view. 

From Esperanza to Santiago but onie or two tr-ifling little expostures occur. and 
there, while showing a little more sanidstonle in the shale and a little more undulationi 
in; the beds than further west, give IIs no addcitional facts. The whole valley, from 
Santiago to Monte Cristi, anid fiom side to side, is made up entirely and only of 
Ffiocene strata, and usually the more modern parts only of these beds can be seen in 
thie valley, except where the rivers have cut thr-ough the Samba llills. I make this 
categorical statemelnt as a summary, because it has been asserted to be otherwise.* 

Santiago lies at about the highest point of the valley, at a height carefully 
ascertained by baromleter of 570 feet above the sea. It lies between the Yaqui and 
the base of a range of low hills which project from the south and nearly divide the 
valley into two parts. The water-shed betweeni the streams emptying into the 
Yaqui and the Yuna is formed in part by these hills and in part by the nearly level. 
parts of the valley north of themn. Two roads run otut from Santiago eastward, COnl- 
niecting it with Moca. The most niorthern running in the valley is entirely on level 
ground, hardlyv an ouitcr'op beinig visible over its entire length. South of it a mole 
direct r-ouite ctuts across the hills, separ-atinig from the Vega road a mile soutlheast of 
the towni. Along the forimei rouite, wherever rocks were observed they always ploved 
to be a rather loose-grainied, soft, slhaly sandstone, the equivalent of the GuaylubiD 
shale, but more sandy, and not unlike some beds observed on the Canna River. 
Fossils were not detected, buit its stratagraphical position above the blue shale is 
inidisputable. In some places niear the- northerni hills anl argillaceous limestone 
appears. The dip is indifferently botlh north and south and constantly varies, but 
never rises higher than 8' or 100. 

La Vega lies close to the foot-hills of the Sierra in a beautifuil flat plain on the 
* Heneken. Quart. Journ. Geolog. .Soc., London, 1853, p. 115, et seq. 
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south bank of the Camu River, and is connected with Santiago by a road runninig 
partly in the valley, partly over the hills back of the latter town. This road furnishes 
some opportunities of examining the ulpper part of the formation, here a- little peculiar 
in that it contains ani uniusual anmount of sandstone. 

As has already been descr-ibed, the bluffs unidel Santiago aire composed entirlely of the 
blue shale, a cross-sectioni of which is exhibited by the cutting of the Yaqui and a lesser 
onie by the arroyo of Nivaje. The suburb of Nivaje on the soutth side of -that creek 
extenids along the r oad towards la Vega, gradually rising on the flank of the hill. In 
the village, but more especially just beyonid it, beds of sandstone crop out in the bed 
of the road and in the banks on each side, their dip being conformable with the 
subjacent shale. In many places they show fine examples of ripple marks, and in one 
instance I observed the peculiar surface called by D. D. Owen "mud furrows," 
similar to the figures in the Report of Geological Survey of Iowa, Wisconsin, and 
Minnesota, Table 1 D., fig. 1, though hardly so slharply defined. Some beds of the 
usual yellow claystonies occur, interstratified with the harder rock, and sonme of the 
sandstone contains large pebblles. Fiom this fact, as well as that the conglomerate 
beds of Angostura lie above dark shale and below limestone, it follows as an almost 
inevitable inferenee that those conglomerates ar e the equivalent of tlhe yellow shale of 
Guayubiin. 

Ver y soon thle sandstones become horizonital anid even dip in the opposite direetion, 
and about two or three miles from Santiago they show only a surface in the road-bed 
of a pebble-bearinog calcareous sanid seamed with soft streaks of lime. Beyond this 
they disappeari under a soil of black loam, so soft when wet as to well merit the name 
of the " Laguna Prieta," or black lake, given to a couple of miles of road north of 
Puinal Creek. Where the road crosses the bed of the creek the bluffs show small 
outcrops of the brown shale so like the surface earth as to be hardly distinguishable. 
In fact it is not improbable that the latter owes its origin in great part to the dis- 
integration of the former. Its dip seems to be to the northeast, though nearly 
horizontal south of the Punal. The low hills of Caimitos, which unite Santo Cerro 
with the higher hills on the Verde, are made up in great part of a still hiigher set of 
beds, here a yellowish-white calcareou-s claystone or marl, with a nmarked northern 
dip; and on the Rio Verde itself, although the browni shales occuir in the low bluffs 
wlhere the road crosses it, the gravel in its bed contains corals like those fiom the 
north face of the Samba Hills, and whiclh have evidently been washed out of limestonie 
beds to the west. 

Up the Verde from this point the section is n1ot unlikie a part of that up the Yaqiii, 
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except that the heavy dark sandstones of Tabera are not reached. They dip underi 
the sources of the river. The brown shales and sandstones form most of the hills 
from the Verde northward, with doubtless a little limestone on top from which the 
corals were derived, although I never found it in place. Below this are gray arnd 
blue shales, and at their base some sandy beds, all more or less abounding in fossils. 
The bluff below the house of the Alealde on the upper Verde is the counterpart of 
those in the Samba Hills on the lower Gurabo, Mao, or Amina; and a similar but 
smaller bluff on the upper part of the Puinal shows an equally good exposure of the 
blue shale with many sandy beds evidently well down in the series, where the numerotus 
and perfect fossils richly rewar-d the collector. 

From the Rio Verde to the Camu the road is in part over a few low rollingr 
hills of gravel, which cover the line of junction between the Tertiary and the meta- 
morphic slates. This gravel is extremely local. Its origin is evidently in the hills 
directly west, but its age is not so clearly established. Oine little circumstanice may 
throw some light on it. The Verde River is the only stream in this vicinity in which 
gold is fotnd, and the Verde could not, with the present configuration of the surface, 
throw its debris over this area; but during the era of the Mao gravels that would 
have been possible, since the mouth of that stream was not far from the then shore- 
edge of the deposit, which is also very slightly aurifeirous. I am therefore inclined 
to suspect a synchronism between the two gravel basins, which, however, I am not 
inclined to suLstain as a positive determination. Were the gravel not gold-bearing, 
or were there gold any nearer than the head of the Verde, I should niot have even 
proposed the hypothesis. 

The road across the hill from Santiago so Moca differs but little fiom the first 
part of the Vega road. Very soon after they separate, the Moca road leaves the hills 
and thence rtuns the remnainder of the distance over flat plains of black muddy loam 
In the dry season this bakes and cracks in the sun, and is as difficult for horses to 
travel over as a rough rocky surface. The same may be said of the ronte from Vega 
to Moca. Except that for a very short distance it runs over the margini of the base 
of Santo Cerro, it is entirely in the loamy valley. Santo Cerro is, as it were, sur-rounde(d 
by the two roads running out of Vega and a third which unites the two on its northern 
flank. It is a low hill running nearly north and south, the last spur of the range 
jutting ouLt into the valley. It has already been referre(d to in the topographical 
descriiption of the reg,ion, and nothing mor-e nieed be said here of its position or the 
beautiful prospect it commands. It is nmade up of the brown shales and the sand- 
stones of the viciniitv, here dipping a little higher than usual to the norltheast. O1 
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the suimmit I founid, in a bed somewhat more calcareous than the others, Septaria 
anid corals very similar in their mode of occurrence to that of the same species near 
Guayubin. 

Noi-th of Moca nio other rock exposures occur. The valley is flat to the base of the 
hills, and the black soil makes this vicinity one of the most productive agricultural 
districts on the Island. The region east of Moca and Vega is equally uninteresting 
to the geologist. A broad plain runs east between the two ranges of hills; the river 
bottom is a sheet of black alluvial soil of almost incredible fertility, while near the 
hills the gravel and sand washed down from their sides makes a porous soil which only 
supports giPass and which is thus admirably fitted for cattle-raisinig. The sluggish 
Yuna winds its way through the middle of the valley, its banks, mud bluffs, support- 
ing an almost unbroken forest, while its more lively trib-uitaries, the Camu and the 
Jima, as well as the upper part of its own course, hurry between the banks of shinigle 
brought down from the mountains of the far initerior. But a single exception to this 
moniotony exists. Near the mouth of the Camu, oni the south side of the Yuna above 
Platanales, I found a single outcrop of white limestone in the side of the river bed. 
It is partly under the water, partly in the bluffs, and is very similar lithologically to 
some of the Miocene limestone of Samana. It is Miocene, and is the most northerni 
poinit at which the Cevico belt crops out. Doubtless the same rock woulld be founcd 
to uniderlie a great part of the valley if excavations were made. 

The eastern- end of the valley for a dozeni miles from the mouth of the river is a 
tract *of marsh. Part of it is almost conistantly overflowed, wh-ile the more western 
portion is grass-covered and dry, except in eases of extraordiniary fieshets or remark- 
ably high tides, when it is temporarily covered with water. It is intersected by in- 
numerable creeks which divide with the piincipal mouth the task of discharging the 
waters of the river into Samania Bay. The bay is simply the prolongationi of the 
valley, and the marsh is now in process of being eleyated into permanent dry land. 
The Gran Estero which separates Saman'a from the main-land was a cenitury ago a 
navigable channel, but is now entirely closed. It is said to have beeil closed by 
drift and mud from the Yuna. May not this elevation, which we have every reason 
to believe is yet goinig on, have sometlhing to (1o with the obstruction ? 

A. P. S.OJ xv). 2o-. i 
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ChIAPTER X. 

GEOLOGY OF THE MONTE CiRISTI RANGE. 

The Monite Cristi range occupies about half the area covered by the Miocene 
rocks, anid although it shows these strata bent and cut throiugh in ininumerable places 
by deep canoins, it gives us no ntew facts relative to then. Deposited further off 
shore, although probably niot in much deeper water, its rocks are nearly devoid of 
fossils, and except in the highest bed where a few foraminifera serve to identify 
them, they might be searched from one end of the range to the other withouLt yielding 
positive evideince of their geological age. This is par tly due also to the fact that the 
blue shale from which the greater part of the fossils is obtained clhanges its lithological 
eharacter somewhat, and does not seem to have been at the time of its depositioni so 
favorable to the existence of mollusca life. But this cain only accoulnt in part for the 
absence of fossils, because the supeijacent beds, lithologically identical with those 
nearer the ancient shore, are equally or almost as barren. Amonig the large collections 
of these objects made during the progress of our work, almost the only ones obtained 
north of the valley were a few corals and mollusca fiom the hill of Monte Cristi and 
from the little adjoining island of Cayo Publico. I found a few very imperfeet 
fiagments of small crtustaceans in the shale near Limon; but elsewhere over thce 
more than a thousand square miles examined, no other fossils were discovered by 
either my assistants or myself. 

Fortunately the rocks retain their general lithological chariacters so well preserved 
that there is no difficulty in identifying any part of' the formation, and the structture 
of the chaini is so simple that the labor of deciphering the various sections is coin- 
paratively trifling. Although tlhere is no heavy folding or great disturbanice in the 
range, there is a marked difference in all the sections I have been able to make otit 
across it. There is no one well-defined aniticlinal axis or- single line of upheaval. The 
elevating force seems to have acted simultaneously under the entire mass, but with 
various degrees of initensity in the middle or at either margin. Monte Cr-isti is raised 
vertically almost a thousand feet. Thirty or forty miles east all of the force was 
expended on the northern margin; north of Sanitiago it acted imost markedly niear tie 
middle, while north of Moca ibhe southern edge alone is disturbed; anid again nortlh 
of Macoris, the greatest iupheaval took place niorthli of the suimmit of the range. West 
of Puerto Plata the metamorph-osed eretaceouis slates reach the surface, lifting the 
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OF SANTO DOMINGO. 163 

eiitire thickniess of the formation undisturbed on their uptui'ned edges. Most of this 
has since beein deniuded away, but Isabella de Torres still remaiis, an anicient beach- 
mark, its level top of white limestone 2,530 feet above the sea. This is the only case 
where the entire thickniess of the Miocene can be estimated by a vertieal section. Buit 
unfortunately the flaniks of Isabella are so covered uip by talus that the only rock 
accessible in place is the cap of hard limestone. Deducting the probable elevation 
of the cretaceous base, the thickness is approximately 2,000 feet, or a trifle over my 
estimate in the theoretical section given elsewhere. If, however, we were to take the 
thickness of every menmber of the formation where it is most freely developed, we 
could run up the figures much higher than 2,000 feet. Myv object was rather to give 
a reasonable average. 

The above deductions will, I believe, be found to be fully warranted by a con- 
sideration of the details of the range as developed by the half dozen sections which I 
have made across it. For the accuracy of my observations, where my statements 
differ from those of my predecessor, whether in this case or in my preceding descrip- 
tioin of the adjoining valley, I must simply beg the indulgence of the reader, remind- 
inig him that I can have no object in disparaging the labors of a dead man whom I 
never saw, and that I commenced my work and carried it on with a full knowledge 
of his published account of the region. A due regard for truth and for my own 
r eputation as a geological observer oblige mne occasionally to contradict his assertionis 
but I do so in no spirit of antagoniism-rather with a feeling of regret that so in- 
experienced an observer should lhave been tempted to " rush into print." I make this 
statement to clear myself of any unfair imputations and to avoid future discussion of 
the subject with.any of his survivinig fiiends, should such exist. 

Monte Cristi, the extreme western point of the northern range, is a narrow flat- 
topped hill a trifle over 800 feet high, entirely isolated firom its neighbors by a broad 
belt of salt marsh cuit thr-ough by tidal creeks cominunicating with the sea. Its 
summit is capped with a hard limestone containinig foraminifera, and which has im- 
peded to soiime extent the action of the denudiing agencies which separated it fiom the. 
main ridge. This limestonie has so completely resisted atmospheric influences that 
its suirface is nearly naked. Possibly its purity is so great that it is all soluble, and 
unlike the coast limestone, it conitains too little aluiminous matter to leave any soil after 
the lime is dissolved by the rainis. Whatever be the reason, the dense crest of thorny 
bushes which it bears finds niourishment only in the crevices where a soil so scanity 
as hardly to nmerit the name has accumulated. Below the limestone the Gnayubin 
shales come in, their upper part pebbly like near Santiago and Angostuira. These 
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164 ON TI-IE TOPOGRAPHY AND GEOLOGY 

gradutally shade into the bluish shales of the valley in exactly the same maimiier as the 
change takes place in the centre of the valley, and the lower part of these blue shales 
bear occasional beds of sandstone, probably on the same horizon as those near the 
inouith of the ea-non Inorth of Moca, or those near Limon on the road to Puerto Plata. 
The mouintain gives on a small scale, that is, with all of the members considerably 
thilnned out, a section from the top, niearly three-fourths of the way to the base of the 
formation. The little island lying in fiont of the bay of Monte Cristi, called Cayo 
Publico, is made up of the upper part of the shale series, and both there and in the 
moulntain itself we collected casts of corals and a few familiar mollusca, but all in a 
poor state of preservation. 

The barren character of the Monte Cristi chaini and the almost entire absence of 
human occupation, with the consequent scarcity of roads, combined with the fact that 
in this part of the ralnge no results of economic value could possibly be hoped for, 
prevented me froni devotinig any further attention to it than sending through it a; 
topographical party to make a hasty reconnoisance. Mr. RLunnebaum obtained its 
principal features by a rapid triangulation, and reported to me that the only rocks he 
encountered were the shales and limestones of the upper part of the Miocene series. 
His limited experience, however, did not permit him to make observations of the 
details of structure sufficiently accurate to record here. 

I myself followed its southern base in the valley several times, studying it from a 
distance, and have examined its northern face in the same maniner 'from the prominent 
point at the mouth of the Isabella, which commands a view almost to Monte Cristi. 
Judging from the very imperfect data thus furnished, from its diminished height and 
width as well as from the structure of the hill of Monte Cristi and from what infor- 
mation Mr. Runnebauim was able to give me, it is probable that only the upper 
memlbers of the foormation occuri there, anid that the amount of disturbance has beeni 
comnparatively limited. Mr. Runiebaum found it in the main a dry barreni series of 
hills badly watered, but with a few little fertile spots wlhere the na.ltural irrigationi 
supplied the deficiency of' rain. The coast is almost iihpassable on account of 
thickets, mangrove-swamps, and quicksands, amid lhe was obliged to go fiom Monte 
Cristi to Estero Balsa in a boat in consequence of his inability-to force his way 
through the thorny bru.sh over the hills. The bad trail from Guayubin to Estero 
Balsa is the only road across the range between Monte Cristi and the Isabella Pass. 
From this another- trail branches off at Tiburcio in a central valley and ruilis east, 
unitinig with the latter route, aiid is sometimes used by the people of Guayuibiin ini 
going to or from Puierto Plata. 
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The Isabella or Bahabonito River rises near the centre of the range north of Santi- 
ago in the vicinity of Alta Mira, and its upper branches cross the pass that rtns 
through that place. Thence it flows nlorthwest along a valley in the middle of the 
range, anld empties into the sea about twenty-five miles in a direct linie west of Puerto 
Plata. At its mouth is a little bay, a mere rectangular indeontation in. the coast, 
opening to the northwest. The southern shore of the bay, a nearly east and west 
line, is bordered by a sand-beach and mangrove-swamps, behind which rise the yellow 
barren Tertiary hills scantily covered witlh cactus and acacias. Among the latter, 
one species, the "divi-divi," abounds. This tree yields a seed very rich in tainnin, 
which is collected extensively for export, and might be mnade with industry an im- 
portant article of commerce. Further back in the hills satin-wood and Guayacan 
(lignumvitae) are not rare, anid the little settlement near the mouth of -the river, owes 
its existence, I dare not say its prosperity, to the export of these two woods. The 
eastern side of the bay is formed by a high bluff of horizontal coast limestone, the top 
forminig a table, running back with some trifling undulations a couple of miles to the 
low m-iocene hills of the ranige. The surface of this table-land is strewn with blocks 
of the same limestone and fragments of corals weathered out, and is covered with a 
scanty layer of the characteristic red soil always found over this formation. It sup- 
ports a tangled " monte " or brush-growth of nlearly all the species of cactus found in 
the Islanid, interspersed with acacia and thorny vines, as forbidding a thicket as it 
was ever my unihappy duty to force my way through. To the geologist one look at 
the place would suffice; but the temptation to visit the spot where Columbus made 
his first settlement was too great to be resisted, and I yielded, to the great risk of 
torn clothes, scratched face, and ruffled temper. He must have an angelic disposition 
who can walk a mile tlhrough bushes covered with the " cat's-claw ' or " wait-a-bit " 
vine and emerge in a serenie frame of mind. In the heart of such a tract Coltumbus 
founided the first coloniy. 

The valley of the Isabella is, as compared with that part of the Santiago Valley 
immediately south of it, comparatively fertile. There is a succession of houses for- 
several miles from its moutlh and, while there is nothing very attractive in the beauty 
of the little " contucos " along the road, they show an amount of feltility in the soil 
and a rich green of their crops which indicate that the dews must here supply in part 
the scarcity of rain. The fuirther back one goes inito the mountains tlle better is tlhe 
appearance of things, and the thick carpet of grass at Laguna and the good size of 
the plantain trees prove that in this part moisture is not deficient. From Laguna 
the road divTides-oile part runs up the valley joining the Alta Mira Pass, while the 
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other continutling south commIlences at onice to ascenld the hill. For some distanice it 
continues over rolling ground, past one or two groups of houses, and then suddenly 
climbs a steep ascent to the summit of the ranige. At the base of the hills where the 
trail first leaves the valley there is a little exposure in the bed of a rivulet wlhere the 
sandstone beds near the bottom of the series stand vertically. On ascending the hill 
we find more modern strata coming in, althouglh the slhale is but poorly represented, 
its place being taken by their bedded sandstoiies. These first dip at very high angles 
to the south, but gradually assume lower dips, and the higher one climbs the hill the 
lower he finds tlhe dip of the strata, until niear the summit the limestone is found 
capping the hill and dipping southward at low angles. I was not able to measure it 
with certainity, but it is not far from 200. The limestone shows only its edge on the 
niorth face of the rnountain, and although it is uniusually compact, differs in no other 
important respect from the same beds elsewhere. On the south face of the range it 
is cut through by the stream along which the road runs, and near the base it is seen 
to be underlaid again by the same rocks as on the north side.* Beyond the base of 
the hill a long gradual slope of gravel, the wash from the arroyo, borders the valley 
and is, as usual in this region, densely overgrown with cactus and acacias. The high 
anigle to which the sandstones are uptilted on the norlth side of the mountain, while 
uniusual in this range, is not entirely peculiar; nor does the disturbance necessarily 
extend to a great distance. A similar upheaval will be described i-orth of AMoca wlhich 
lnot only does not affect either side of the range greatly, but is actually reversed in 
both the adjoining sections. 

The niext pass east of the one just described is the one most travelled in crossing 
the mountains. It begins nine miles west of Santiago, at Limon, crosses the range 
west of the high peak of Diego Campo, anid passing Alta Mira and the head-water s 
of the Isabella River, crosses the -lower spur on whiclh is perched Mount Isabella de 
Torres, and descenids to the plaiii near Puerto Plata. Its entire length, inicluding the 
nine miles in the valley, is forty-onte miles, anid the thirty miles of mountaini section 
is one of the most interesting in the chaini. Near the base of the mountain in the 
canon of the Limon Creek it is evident that there, has been some distulrbance even 
where the surface configuration does not inidicate it. While the shales in the valley 
are usually undulated, dipping in all directions at angles of from 50 to 100; here they 
suddenly pitel niorthward as high as from 30? to 50?, and br-ing to the surface the 

* I desire particularly to call the attention of the reader to my section along this route alnd then to the section 
(Quart. Journ. Geol. Soc. 1853, p. 119, fig. 3) of Mount Murass which immediately adjoins the road or its east side, 
and wlhiclh of necessity must have idenitically the same structure. Beds No. 10 and No. 1 of that section are in 
reality identical; Nos. 2 and 3 are the equivalenits of No. 9, which slhall be under instead of over No. 10; Nos. 4 and 
S equal Nso. 11; and the No. 10 on the north flank doQs not exist ! 
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gray shales with intercalated strata of sanidstone belonging to the lower part of the 
blue shale series. This upheaval is niot extensive anid the base of the outcrop near 
Piedra Gorda shows a marked curve, the beginning of a synclinal axis. Near Lima 
I found a dark gray conglomerate with broken fragments of shell very similar to the 
conglomerate bed of the Angostura of the Yaqui; but directly on commencing the 
ascent of the hill the brown shale of Guaytibin appears, and dipping to the south 
extends to the top of the pass. Near the summit the higher hills on both sides are 
seen to be capped with the usual white limestone, apparently nearly horizontal; but 
it is not encountered anywhere on this part of the road. In the shale aseendinig the 
south side of the hill near the summit, althouglh fossils were nowhere seen, I found 
white earthy concretions rarely more than an inch or two in length, very irregular in 
form, and usually more or less botryoidal. They seem to be a little more calcareous 
than the surrouniding mass. On breaking them open I could not detect any fossil 
around which they might have segregated, as is sometimes the case in. these bodies. 
They are perfectly homogeneous in structure. East of the road the sharp peak of 
Diego Campo rises, according to barometrical measurement made by Mr. Pennell, 
3,855 feet above the sea, the highest point in the Monte Cristi range. That gentle- 
man reports its summit to be of limestone. 

From Alta Mira to the little streams which form the head of the Isabella the road 
runs along a very muddy clay ridge, where niothing can be seen of the geology; buit 
further on, the shales with occasionial sandstone beds are seen to have dipped north- 
ward again, and only pebbles of these sandstones are f'ound in the beds of the water- 
courses. A little further along a coarse, soft, gr ayish-brown sandstone occurs, dipping 
at a very low angle northward, and full of the characteristic foraminifera, especially 
Orbitoides, which have so often proved useful in identifying the formationi. Still 
further niorth on the summit of time last ridge the limestone occurs capping the ridge 
as a brown or coarse-grained gray or even white rock, in almost every case fuill of 
foraminifera. In one place it is of a pinikish white and without these fossils. 

On descending the north face of the ridge about four or five miles back of Puerto 
Plata a marked change takes place in the rocks. The absence of good outcrops here 
makes it difficult to be very certain about this part, of the section. A series of 
metamorphic sandstones, somne of them micaceous, crop out on the road. They are 
nearly horizontal, dipping slightly to the north. A more extensive study of the 
surrounding region leads us to believe that these are the base of the Tertiary, altered 
by conitact with the Ciretaceous, whichl lhas puished them up anid which crops out veryv 
niear here. Their( dip anid eveni their lithological structure lelp to corroborate this 
theorv; and tlhuis we hlave here a repetition of' tlhe state of affairs at Tabera, ol the 
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Yaqui. No outcrops occur oln the plaini, but the bluffs about Puerto Plata are made 
up of the ordin ary coast limestone. 

Although where the road crosses the ridge which forms the base of Mount Isabella 
the oldest rock found is the metamorphic sandstone just described, a little west of 
the town where this ridge reaches to the coast a very different condition of affair s is 
discovered. It is here foulnd to be made up of the magnesian slate of the Sierra, 
lithologically identical with the typical localities in the cenitral chain. Its most usual 
character is the light greenish-gray semi-talc similar to that in the ridge between 
Vega and Jarabacoa, or to that of many of the localities aroPind the peak of the 
Gallo. Its metamorphism is so complete that no stratification is discernible, though 
the senmi-lenticular flakes into which it usually breaks are more generally "on edge" 
than horizontal in position, as if the dip was probably vertical or nearly so. As is 
intimated in the preceding paragraph, the presence of this intrusion of Cretaceouis 
under the nearly horizontal Miocene is sufficient to account for the alteration of the 
latter, when we bear in mind that similar causes have prodtuced like effects at 
Tabera, and that in goilng east from the locality in question on the Palo Quemado 
route the metamorphism gradually dies out. Mount Isabella de Torres, the best land- 
mark on the north coast, after losing sight of the headlands of Samanla on one side 
or Monte Cristi on the otlher, is a flat mountain which gave to Mr. Pennell a height 
of 2,530 feet. Schomburgk marks it in round numbers at 700 metres. One or the 
other is evidenitly in erTor. The latter, in his account of his visit to Constanza, in the 
Athenmuni Journal, speaks of his having used on that trip an aneroid barometer. and 
it is not improbable that in this case his measurement may have been made with ani 
equally unireliable instrument. Mr. Pennell's observations were made with one of 
Green's best mounitaini barometers of the Smithsonian pattern, an instrument whiclh 
the extensive mountain work of the Califonlian Geological Survey has proven to be 
without a superior. By comparisonl with my office standard it was proven to be in 
perfect coniditilon both before and after the observation, so I can hardly imagine the 
possibility of an error. There is certainly none in the computation of his observations. 
This mounitain is capped with a thick bed of white limestone, below the edge of which 
the talus covers up all outCl'ops, so that the details of its structutire are not accessible; 
lbut we are bouniid to infer that the highest member of the formation being found at 
its summit and the oldest being seen at the level of its base, the intermediate strata 
are in all probability represented at their various levels in its interior. We have thus 
a pretty good criterion for judging of the thickness of the formation at this point, as 
stated in the preliminary observations on the range. 

West of Puerto Plata. a narrow- strip of coast limestone bordeers the sea, makincg 
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bluffs of fiom forty to sixty feet high, in some cases forminig bold headlands. No- 
where is it very wide, and the encroachmelnt of the sea is slowly but, sturely under- 
mining anid wearing away the little remainder. I tr aced it as far as I went, to Isabella; 
but firom the contour of the surface beyond that, as seen from that. point, I do not 
think it makes a notable feature in the geology. 

While the Alta Mira Pass crosses the head of the Isabella River and skirts arounid 
the west side of Mount Diego Campo, the Palo Qiuemado Pass runniing around the 
east side of the same mountain, crosses the upper part of the Yasica River. The 
upper part of the yellow shales, occasionally calcareous, are seen in the valley before 
reaching the hills, rolling with a general east and west strike and dipping north or 
south indifferently. The trail runs up a long spur of the Palo Quemado mountain, 
showing first the yellow shales with a little limestonie dipping towards the valley anld 
exhibitinig their edges on the crest of the ridge. At the summit of Palo Quenmado 
Mountain a little yellowish limestone r-emains; but on desceniding on the north side 
the rocks are encountered in a regularly descending series to the bed of the Yasica 
River, here a stream of half a foot deep and twenty to thirty feet wide. In its bed 
gray shales with a little sandstone form near ly flat ledges, with little dip in any 
direction. Mixed with the pebbles of these sandstones are very numerouis boulders, 
some of them over a foot in diameter, of a tough coarse-gr ained syenite, undistinlguiish- 
able in any of its characters fiom similar r-ock in the Cibao railge. This syenite was 
niot seen here in place, and I might have beeni tempted to have considered it as 
derived secolndarily from a conglomerate had I not seen it elsewhere forming large 
dykes cutting through the Tertiary rocks. The large size of the bQulders and their 
great number, not less than the comparatively short course of the river, prove that 
the dyke from which they were derived is niot far off. A little settlement, called 
Yasica Arriba, of four or five houses occupies a pretty little open spot, comparatively 
level, bordering the river. The people, as is usual among these mountaineers, earn a 
scanty livelihood from the herds of half-wild pigs that roam through the woods; a 
not very remulnerative occupation, but one that involves plelnty of healthy otut-of-door 
exercise ill capturing their property when they desire to avail themselves of it. From 
the crossing of the Yasica the trail crosses another high ridge composed of similar 
shales and sandstones with a constant east anid west str-ilie and with a low but 
marked northern dip. Towards the norther-n base the rocks become entirely sand- 
stone and show evident marks of imietamorphism, though not so strong as those niear 
Puierto Plata. About four- miles from the towil I fouind a brown sandstone with 
minulte specks of mica, as it were an intermediate stage between the unaltered sandl- 
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stone alid the fine-grained silver gray mica slate of Corozal, which is doubtless der-ived 
fi-otl the same formation. 

The coast limestone of Puerto Plata extends eastward along the sea, niowhele, 
howevor, so imhportanlt a formation as it becomes onl the south side of the Islanid. 
Instead of forming a great rocky bluff hidiing everything uneder it, it modestly skirts 
little patches, sometimes barely shows itself through the sand of the beach, or is 
Covered up unider the high sand dunes, or again appears as broad shelving reefs 
extending far out to sea with an almost imperceptible seawar7dL dip. In some cases, 
h-owever, as inear the little Rtiver Susua, it makes low hills of limited extent, being 
puslhed up alone with the older Tertiary that forms their bases. It also most pro- 
bably underlies the nunlerous little " flats" anld valleys whieh border the north side 
of the range, and which make some of the prettiest far-ming sites in the country. 
Among these may be nained as pie-emineint Batei and Caberete. West of the latter 
place there is a peculiar spot, differenit firomn aniy other I have seePi on the Islandl. The, 
low-lyinig ooast and the constant beatilng of the winds and waters of the Atlantic 
render the north side much more iiable to be covered by sands driftinig up fiom the 
beach thani the south side. Sand--dunes are the exeeption rather than the r-ule wlhere 
the forest does not reach to the water's edge; On the other hanid, the greater exuber- 
anMce of vegetation in this tropical region acts as a partial check to the drifting sanid, 
and the forest crawls seaward about as fast as the sanid dips inland. From this 
never-ending struggle there results many small dunes, their windward face smooth 
fiom the, renewing influence of the wind, while the leaward side i\s alnmost always 
covered with brush, whose growth keeps pace with the growth of tlhe hill, and by 
opposing a wall to the wind, eddies back a large part of the sand that would other- 
wise creep inland. But at the Palmal tens of thousands of the Canna palm, young, 
fornm a grove of two or three miles in extenit, with but little uindergrowth except 
trees of the same species, their roots firmly knit into the ereviees of the under- 
lyinig limestone, and the soil a shifting layer of beach salnd which drifts ilnto the 
grove, but with 'the force of the wind so broken by the innumerable tree trutnlks that 
it is spread ou-t evenly instead of being piled up in the familiar ridges. The sanid is 
as loose and shifting as a dry beach, and so barreni t hat lhardly a blade of grass or a 
butsh cani find nourishiment in it; but the palms thrive admirably. 

The next opportunity for the study of the rainge that exists east of the Palo Quie- 
mado route, is the road fiom Moca, by way of Jamao to Bateih This pass ascends 
the side of a can-on in which the dark gray shales anid beds of sandstone of the lower 
part of the shale series dipfirst as high ,as 50 north. Great exposures, some of them 
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two lhundrded feet lhigh on the hill sides, show beautifully the beddinlg of the strata, 
anid prove that in the spaces between the edge of the hills and the present site of the 
town of Moca the upheaving forces must have had full play. But the limited extent 
of their influence is proven alike by the nearly uindisturbed condition of the forma- 
tion between Moca and Santiago, and by the southernl dip of the beds on the south 
flank of Palo Quemado Mountain, hardly a dozen miles distant to the west, anld on 
the Macoris Pass, barely more than twenty miles east. Ascending the mountain the 

dil) continues to the north, gradually becoming lower, while the rocks are passed in 
the usual ascending series until near the top, instead of the white limestone heretofore 
found capping the ridges, we find a white highly calcareous marl with casts of fora. 
miinifera and a few very rare mollusca of species abundant in the blue shales of the 
valley and more common still in the brown shales of Guayubini. Here the dip is so 
low as to seem horizontal, thotugh from finding the same rook fturther nor-th at lower 
levels it is probably at very low angles northward. 

Descending the hill to Jamao we again- descend in the section and find sandstonies 
anid brown shale cropping out in the valley. After crossing the river there is a low 
iidge of the same browin sandstones and shales with very low northern dips, suc, 

ceeded by a nearly horizontal very tlickl bed of cream-colored limestone forming the 
outermost foot-hills at Batei. In this, I fotund a fiagment of a badly preserved 
Pecten, too imperfect for speciflc deteirniniation. Here this limestonie is worn into a 
well-marked anicient terrace apparently of the era of the coast limestoines which abutt 
against its base. 

At Batei I picked up in the soil a wlhitish gr anitoid rock composed of white quartz 
anid feldspar, and small buit remarkably distinct crystals of a silver-gray mica. It 
was but slightly rounded on the anigles as if' not transported very far. But I have 
never seeil a similar rock on the Island. It is pr-obably fiom same small dyke in the 
mountains. 

From Batei to the Rio Jobo is a conitintuotus sand beach after leaving the vicinity 
of the houses of the fornmer place. But on the east side of the Jobo a niew style of 
coast begins and continues almost uninterriuptedly to Samana. The hills come down 
to the coast and the trail runiils along strips of sanid, then over a hill thr ough bushes and 
ovel locks to repeat again the same stor-y of sanid, btushes and rocks, until the weary 
traveller is heartily glad to reach the miserable little hamlet of Matanzas. The last 

rotte eastward where a trail crosses the ranige and conseqtuently where a section can 
be obtained is from the nlortll of the Jobo River, tl) its canoii and across to Macoris. 
The trail fiom Macoris to Mataiizas is of' nio geological v-alue since it iruniis almliost ex- 
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172 ON THE TOPOGRAPHY AND GEOLOGY 

actly alolng the str-ike of the rocks, and further, except crossing a very low ridge 
almost its whole lenigth is in the bed of a creek, which it crosses, stumbling amoiig 
sandstonie boulders so many times that one gives up counting in despair. 

The rocks on the Jobo trail while strikinig as usual about east and west, show a 
more than ordinary amount of disturbance. Near the mouth of the river, heavy 
bedded sandstones and conglomerates are founid which continue to and beyond the 
little settlement of two or three lhouses called Blanco. The resemblance of some of 
these coarse-grained sandstones to those near Puerto Plata, which are more or less 
metamorphosed, is so striking that I could not resist the impression that they are the 
same beds. Nowhere else, beyond the north face of this range, unless it be on the 
souith edge of the formation on the Bao and Yaqui, have I observed the peculiar 
appearance possessed by them. It is one of those intangible characteristics that onie 
recognizes but cannot describe. It is nothing remarkable; nothing more than a 
similarity in " grain " and in general appearance. The dip changes constantly; some- 
times it is north, sometimes south, and its angles are also sometimes quLite high. At 
Bla-neo, which is but a short distance north of the summit, there are thick beds of 
sandstone studded full of large pebbles which dip about 25' south. Above this 
point, the more recenit members of the formation appear regularly with gradually de- 
creasing soutlhern dips unitil at the summit we find tbe white earthy limestone cappinig 
the range anid nearly horizontal. Further sotuth, descendinig towards Macoris, the brown 
shale is again met under the limestone dipping south and passing under the valley. 

About five miles south of Bla,nco, on the trail, is a dyvke of syenite about 200 yairds 
wide, cutting directly acros,s the road. The exposures at its sides were so small a,nd 
so covered up by the soil that I was not able to ascertain whether its presence pro- 
duced a local metamorphism of the adjacenit shale. Like the boulders in the Yasica, 
it bears a remnarkable resemblance to the intrusive rocks of the Cibao range. Where 
I crossed it, it was coarse-grained anid composed of white feldspar, but little quartz 
with black hornblende, and containied a green mineral resembling augite. A mile or 
two east it is cut by a stream running down to Macoris, from the bed of which I col- 
lected specimens much fiiner-grained and without the green mineraL. If these speci- 
miens were mixed with the Sierra series they would defy the most expert petrologist 
to find a distinguishing character. And yet the Sierra slates were upheaved by these 
intrusive rocks, and the Tertiary deposited indiscriminately over them and over the 
upheaved edges of the slates. If further proof of the pre-Tertiary, or rather pre- 
Miocene age of the Sierra syenites is required, the presence of pebbles Qf these rocks 
in the congloinerates at or near the base of that formation furniishes it. And here 
we have similar syenites- cutting through these ver y beds of conglomerate. 
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From old Cape - Frances the extreme northeastern corn er of this ra nge, wliiclh I 
lhave never visited, Mr. Peninell brought me a rock identical with that which occurs 
on the point of Cape Cabron, and which indicates the probable existence of the Sierra 
group in that nieighborhood. Somle of the Sierra limestones of Samana are of a pecu- 
liar dark blue, semi-crystalline in structure, like an imperfect marble. At both of 
these places such. a rock has been broken down into small splinters and anigular frag- 
ments and re-cemented by a yellowish stalactitic deposit, making a coalrse breccia 
with numerous cavities. The resemblance between specimenis fiomi these two locali- 
ties is perfect, and since the blue rock from which the fragments are derived at Cape 
Cabroln is in place, the deposit being a sort of talus, I infer that a similar condition 
of' affairs exist at Cape Friances. How much of this part of the range may consist 
of this formation we do not know. This is one of the prjoblems for future geologists 
to solve. Mr. Pennell found it at all of the points from Punta Laguna Gringrisa to 
Cape Amaras. It must be understood that all of this region goes by the name of 
" Old Cape Fr ances," which is not applied to any one particulaTr point. Fr om the 
topographical structure, and fiom the fact of the rock being only found on this one 
spur, it is probable that it will not be found to extend much beyond a line drawni 
from Cape Amaras to the nortli of the San Juan. But he is not to be envied who 
sball settle the question. The interior region is entirely uninhabited, there is not a 
road or trail throuigh it, and it is practially impenetrable. It consists of a broad mass 
of low, heavily wooded hills, never visited except by a few pig-htnters. 

CHAPTER XI. 

GEOLOGY OF SAMANA. 

In studying the geology of Samana we find a repetition of all the phenomena of 
the larger island, with the exceptioni of the erutiptive rocks. I call it island rather than 
peninsula since it is separated from the mainland by the Gran Estero, formerly a 
navigable stream, now partially closed. Cretaceous rocks highly metamorphosed 
and uiptilted; Miocene Tertiary deposited oIn their edges or flanks, these elevated 
horizolntally almost to the highest summits of tlle hills, and the whole flaniked by 
Post Pliocenie coast formations. consistinig of limestones and gravels constitute the 
summary of the geology. No syenites whatever have been founid either in place or 
even in the coast gravels. 

A. Pi. S.VOIi. XV. 2R. 
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The elevation of Samana is unimportant, resembling in this respect the easternl 
end of the main chain, to which it also bears a greater resemblance in the details of 
its structure than to the more central portions. The highest points and the region of 
greatest disturbance are alike at and near its eastern end, and the fact of the Cre- 
taceous strata appr oaching a more nearly horizontal position towards the west, 
together with the gr eater development of the Tertiary in the same direction, seem to 
indicate that in the vet unexplored eastern end of the Monte Cristi range at most but 
a tiifling amounit of the older formation will be discovered. 

Immediately adjoining the Gran Estero the land is low, much of it is mnarshy, 
and the rocks are covered with river alluvium; but approaching Port Jackson, 
Tertiary hills came in, and the- only rock found is a very compact limestone more or 
less nearly white, usually with a pinkish tinge, aLnd containiing Orbitoides. It is 
niearly horizontal, with a trifling northern dip. Onily in- the higher hills between this 
poinlt and Canitas are any of the older r'ocks discovered, and here they form but a 
narrow belt. East of Port Jackson this limestone gradually narrows and finally runs 
out to a point on the coast underlaid by the uptilted Cretaceous; but in the iiiter ior 
it forms a series of basins more or less interrupted and flanking the northern face of 
the highest ridge. It is there horizontal and occasionally fossilifer-ous. Along the 
south coast the formation is continued around the west end of the hills and borders 
their southern base, past Canitas and los Robalos almost to- Punta Mangle. Here it 
is represented by a narr ow strip, but instead of the limestone, all older member -makes 
its appearance. T lhe Guiayubini slhales with all of their ordinary characteristics form 
all of the flat or low rolling land between the base of the hills and the shore of the 
bay. 

Owinig to the roughniess of the surface and the scanty population there is no road 
across the island between the Canitas trail and one which crosses from the mouth of 
the Limon nearly south to los Robalos. At the former point the rock is a dark blue 
limestone, semi-crystalline, and dips north about 30. Unlike the Cibao range, the 
greater part of Samana is made up of limestone and mica slate, both of which rocks 
are rare elsewhere and the latter is especially exceptional. Abundant proof exists 
that the mica slate is always sedimentary in origin. It is always interstratified with 
locks of that class, and one curious instance occurs east of Santa Barbara where in 
the saine block the transition ocCuIrs from this to limestone within a couple of feet. 
But to return to the section. In following up the ridge parallel with the river the 
dip of the strata becomes higher and beds of sandstone and mica slate appear, gradu- 
ally becoming vertical and then assuming a southern dip. Passing the anticlinal, a 
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dip of 350 soutli is seen, and directly afterwards the horizonltal edges of the white 
Miocenie limestone present themselves, the beds containing occasional corals of well- 
known species. This continues to the base of the high range. Ascending the ridge, 
Cretaceous limestones again appear with low southern dips. These form the whole 
range, anid are seen cropping otut continuously along the canon downi which the road 
descends towards the bay. Near the base they lie as low as 10? and finally dip tnder 
the horizontal Miocene shale. This is less than half a mile wide at los Robalos and 
contains some seams of lignite which from time to time have induced explorations 
fot coal. During the last Spanish occupation of the cotntry, before 1866, an attempt 
was made to open a mine in the bed of a str eam near this point. The water couLrse 
was deflected and a pit sunk, which resulted in the exposure of a five inch vein; but 
nothing more was found. Still more recently, in 1870, a Mr. Kell, an English mining 
engineer, spent considerable time and moniey in opening a pit at another spot. Al- 
though he jealously refilled his excavation, enouglh signs remained there and at out- 
crops in the vicinity to show that his success had been no better than that of his 
Spanish predecessors. The "coal" diffels in no important respect from that at the 
Angostura of the Yaqui or that of the Yaguajal near Savaneta. It is a very impure 
soft material, of a dull earthy black, and shrinks, cracks aind eventuially crumbles on 
exposuire to the atmosphere. From tlhe number of outcrops known it probably ex- 
tends continuously along the whole of the western half of the north shore of Samana 
Bay. 

East of the Limon is the Arroyo Salado, or salt creek, which rises in a spring near 
the middle of the Island. About twenty yards below the head, the stream is fifteen 
feet wide and a foot deep in the middle. The water can hardly be called salt, but is 
decidedly brackish. It empties into the sea midway betweeni the Limon and the 
Ca-'as. From the Salado to the San Juan the coast is an almost continuous sand 
beach; the hills ret-iring a little inland. But the trail from Limon parallel with the 
sea to the Salado is one of the roughest and rockiest so-called horse-trails in the 
country. Nothing but a mountain horse or a goat would dare to cross it withouit risk 
of broken legs. It is over the usual blue limnestones such as that found at the mouths 
anid along the courses of either the Limon or the San Juani Rivers. 

The sand beach reaches to the mouth of the. latter stream, ending there abruptly 
against a high wall of nearly black limestone, which dips about 40? to tlle north. 
Followinig up the river the same rock is observed in the hills on botlh sides with a 
regular east and west str ike, but with a constantly diminishing northerni dip, becoming 
almost horizontal on the summnit. AMixed with the limestonle is a little mica slate anid 
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four or five miles northwest of Santa Barbara a bed of white limestone of the same 
age occurs. On descending from the top of the pass and entering the lower hills, 
they are found to be composed of horizontal strata of giravel, apparently of the 
coast formation, made up entirely of debris of the limestones, mi(a slates and tal- 
cose slates which form the h]igher ranige. This gravel, like the Miocene to the west 
of it, makes a belt adjoining the coast and extends about a dozen miles east and west, 
forming in some places high bluffs with nearly vertical faces overhangilng the bay. 
It also constituLtes the little islanids that lie in the neighborhood of Santa Barbara. 
Although a comparatively modern formationi it is so solid as almost to merit thle 
name of a coiiglomerate; and it resists the encroachmenit of the waves almost as 
well as the neighboring points of limerock. To the west it extends as far as Los 
Corosos, where it first appears as a steep hill. 

Between the San Juan and the Arroyo Salado, on the Arroyo Canas, in addition 
to the limestone so common in this region, there is a peculiar yellowish-gray talcose 
slate. It is very fissile and is nearly pure talc. The deposit is quite limited anid is 
almost the onily one in Samana. In the samne neighborhood, on the Rio Pito, a branch 
of the San Juan, but further south, there is a gray mica slate cut up by numerous 
milky-white quartz veins. Both these rocks have low niorthern dips. 

The gravel beds continue for two miles east of Santa Batbara, where the lime- 
stones and mica slates of the interior first come downl to the coast. At this point 
occurs the curious mixtur-e of lime with mica referred to above. A series of gray 
limestones crop out oni the beach, striking aboutt due east anid west, and dipping north 
from 650 to 800. Interstratified with these are beds of mica slate; but one stratum 
of two or three feet thick particularly struick my attention. On examiining a block 
of it on the beach, fallen fiom the bed., I fouind onie side pure limestone; further in 
there were little scales of mica regularly disposed ini layers, the lines of depositioni; 
and this mineral became regularly more abunidant until the opposite side of the same 
block was a pture mica slate, showinig no sign of lime to the eye. East of this point 
the rocks become vertical; still further east, a high northern dip retturns, but at La 
Flecha they fall almost to a horizontal and become more micaceous. Near Punta 
Cacao, the rock is a silver-gray very fissile mica slate. Similar rocks and some clay 
slates continue parst Ptunita Balandra, Where with a northeast dip they disappear under 
the horizontal Tertiairy which forms a little basin back of Puerto Frances. This is 
an isolated deposit of horizontal rocks, limestone and sandstone, always white, al- 
though in some places, the former has a pinikish tinige. The omnipresenit Orbitoides 
forttuniately appear in some places and thus saves us fiom the unicertainty that might 
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hang around the age of so exceptional a group of rocks. Until its discovery, I was 
inclined to consider the beds as belonging to the coast limestone. This basin. extends 
from Point Grapin to the base of Cape Samana, and ruins back forming almost a 
plain to within a couple of miles of Rincon Bay. Here it abuts against the edges of 
the Cretaceous shales which aie elevated nearly vertically and which are represented 
in this ridge by brown and gray clay slates, dipping at very high angles to the north" 
west. These slates run out to the eastward and constitute the bold headland of Cape 
Samana; while Cape Cabron, running north on the west side of Rincon Bay is made 
up of the mica slates and dark blue limestones such as have been described from the 
San Juan and Limon. On Cape Cabron, on the trail crossing the ridge, the dark 
blue limestone is broken into a coarse angular breccia anid recemented by a yellowish 
calcareous infiltration sometimes leaving cavities unfilled. I cannot determine 
whether this is a recent deposit or whether it dates back as far as the coast limestone. 

Although the gravels about Santa Barbara nave been referred to the "coast formaA 
tion," I have detected no other locality of this group except a triflinig little outline, 
bordering the coast at and near Puerto Frances. Here it makes bluffs about twenty 
to twentv-five feet high, worn into the most irregular forms by the action of the sea, 
which beats against it with more than usual violence. The deposit is very small, ex- 
tendiing a mile or two alonig the coast and perhaps nowhere more than half a mile 
inland. 

CHAPTE1t XII. 

GEOLOGY OF TIHE REGION SOUTH OF THE MAIN RANGE, 

The southern slope of the Island divides itself naturally into two distinct and well- 
marked portions-the mountainous or hilly region and the plains. The latter extends 
east from the vicinity of the Ozama and its tributaries, or more properly it may be 
said to include all the country east of the Jaina, while the former comprises all to the 
west of that river, including the region about the upper half of its course, 

Although the district east of the Jaina, covers ani area of over 1,500 square miles, 
it furnishes but very few items of interest for the geologist. It has already been 
described in the chapter on its topography as a plain, niearly level, or at most gently 
rolling, in part open grassy savanias varied by long lines of trees bordering the water- 
Iourses, or in clumps scattered over their surface and covering every depression. 

A. P. S.-VOL. XV. 2s. 
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The portion a(djoininig the coast, whether on the southern or eastern margin, is a dense 
forest. These peculiarities of the vegetation are strictly dependent upon and con- 
formable with the subjacent geological structure. The coast limestone forms a b>elt 
varyinig from five to fifteen miles wide, its sea side ending inivariably in a steep r ocky 
bluff usually vertical and not seldom deeply undei'miined by the waves-a pitiless 
wall, witlh hardly an opening or a harbor, near-ly a huindred anid fifty miles long, with- 
out a lighthouse or a buoy, the scene of maniy a shipwreck. The little bays sparsely 
scattered along this coast are barely better than roadsteads, available only for the 
smaller class of coasting vessels. The bluff is usually forty, oir fifty feet high, though 
in some cases higher points run out to the coast. A line of terraces borders the 
beach and occasionally the sea-margin is a little piece of sanid-beach with a low line 
of rocks but a few feet above high tide. This is especially the case west of Santo 
Dominigo City, where, however, the limestone begins to thin out. East of the mouth 
of the Ozama as well as directly west of it, although the bluff is in places forty feet 
high, there is a long terrace, parallel with the sea, borderinig the regular level of the 
plain and over 100 feet high. Immediately back of the capital the plain is perfectly 
level and about 150 to 160 feet above tide level. This elevation is almost always 
attained by a varying nuimberl of these ter races. At tIlme southeasterni cor ner of the 
Island, in fiont of the. little island of Saona, three of these teiraces exist one behind 
another, the first far- back fiom the sea. An additional elevation equal to the average 
height of oine of these terraces would unite Saona and Catalinita Islands with the 
nmainlanid, and bring the neighboring reefs to the surface. 

The limestone contains numerous caverns. One or two of conisider-able size ex- 
tend under the City of Santo Domiingo, while the caves of Sta. Ana a couple of miles 
fiom the city, now occupied as a goat-pen, are of historic initerest as the scene of the 
uniipr-ovoked massacre of the last remniant of the Indians inhabiting the vicinity ulnder 
the pretext that they were clanidestinely celebrating some heathenish religious rite. 

Hlaving alIready described the causes which produced the differences between the 
coast limestone and the gravel and sand deposits of the savanas, it is iiot necessary 
to recur to that question again. At the eastern end of the mountaini range the 
streams are so small, and during the era of the deposition of these strata mutst have 
carried seawar-d such a small quant.ity of debris, that their influence is entirely lost in 
the region east of Higuey. Tlhere the limestone as a consequence reaches tip to the 
old coast-line, the present base of the hiills, wlhere the local earthy modifications are 
too tIninI)orta.nt and too limited in extenit to be takein inito accouint; buit about 
Higuey and tlhence westward the absence of forest adjoining the hills indicates even 
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to the casual traveller that the limestones have disappeared, and the nearly continuous 
savanas are a sure index of the presence underneath of the more porous earths, sands, 
and gravels. In a formation thus varying in its lithological characters, of course the 
transition from one form to the other must be gr adual, and an equally easy gradation 
between pure forest and puire prairie is to be seen along the line of junction. The pure 
limestone bears a contilluous forest; the uninterrupted grass region is as strictly con- 
fined to the sands; anid where the underlying beds vary fiom an earthy limestone to a 
calcareous sand or earth, there the couintry is clothed with a beautiful succession of 
open. glades separated by lines and clumps of trees. The boundary separating the 
Savana from the coast deposit, may be defined as runniing, more or less, midway 
between the coast and hills bendinig north around Higuey. The pretty little townl of 
San Antonio de Guerra, or Guerra as it is more generally knowni, lies in this line ini 
one of the innumerable prairies, the view cut off in every direction by the clumps 
and "tongues" of timber which surround it. The softer impure limestone of this 
part of the plain seems to be better adapted to the retention of surface water than 
either the more compact but fissured coast rock on the one hand or the porous sand 
and gravel oni the other. This results in the existence of innumnerable little ponds 
and lakes, scattered in every direction, never large, but many of them perennial. 
They add greatly to the value of the region for grazing purposes, because the streams 
thouglh reasonably abundant, are still widely separated, and many tracts would be 
other wise without water. The drainage of the hills unites into a few eomparatively 
large rivers wlhich cross the plain in very direct lines to the sea, and the local rainfall 
either sinks into the soil or drains off immediately througll usually dry channels. 

Adjoinino the hills occasionally little outcrops of the Sierra slates peep up tllrough 
the soil, but they belong rather to the mountain region already described than to the 
plains under consideration. In some cases, however, the rolling ground continues 
miles fiom the base of the range proper, and usually more or less of the slates are 
found wherever the surface is at 'all uneven. Five miles sotuth of Monte Plata, I 
fotund a little exposure in the bed of a rain-water channel, where tlhe rock was a black 
and green serpen tinoid shale breaking into semi-lenticular masses by oblique cross- 
cleavages and with all of the surfaces polished, resembling somewhat " slicken-sides." 
West of this on the San Pedro road clay slates crop out in numerous places, alterna- 
ting with the often-mentioned red and white semi-talcose shales which never show a 
positive stratification. The former, however, as well as could be determined from the 
very small exposures, seem to always have a high southern dip. The same rocks 
occur around and south of Yamasa, and the latter is not infrequently seamed with 
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little veinis of white opaque quartz. I examinied in detail several of the streams ill 
this viciniity, washinig the saind in the usual manner, but found no trace of gold any- 
where. A fact that can be fully explained by the distance to the nearest locality of 
eruptive rocks.* Between San Pedro and Yamasa there is a long tongue of hills 
ending at the Ozama River at a place called La Luisa, and which separates the naTrow 
valley of Yamasa from the broad plain to the eastward. San Pedro is on the outer- 
most of the little elevations at the base of this range, a spot that has every facility 
required for the establishment of a lairge grazing farm, and one where the beauty of 
the surrounding scenery would almost compensate for the want of neighbors. It 
overlooks mile after mile of a tree-dotted prairie shtut in by the haze of distance on 
one side and on the other by an evergreen range of high mountains. Perennial pas- 
tures and never-failing streams insure cattle against risk of either famine or dr-ought; 
while its midway position on the best road between Santo Dominlgo anld the towns of 
the Cibao would secure it an ample market for all its surplus stock. It is now occu- 
pied by an aged couple and their clhildren, who earni a scanty livelihood by selling a 
few eggs, a chicken, or a bundle of fodder to ani occasional traveller. I do niot 
menitionl this spot because of any pre-eminent advantages it possesses. Ininumerable 
other sites occur, scattered all over the valley, many of them possibly better. But 
in the frequent journeys I have made across the Island I have become familiar with 
it, and I cannot avoid regretting to see such an opportunity nieglected. 

Sierra Prieta is a niot very high but fiom its semi-isolated position is a very promi- 
nent hill jutting out inlto the plain between the Isabella and Ozama- Rivers, the ter- 
minal poinlt of a low ranige. Its regularly slopinig sides render it easily recognizable, 
and it forms an excellent topographical station for triangulations. It is made up of 
clay and talcose slates, with a little earthy iron ore, too impure to be of econiomic 
value. The same iron ore of every degree of purity, or rather of impurity, down to 
simply highly ferruginous shale extends overI the savana as far east as the San Pedro 
trail, crossing the road to Yamasa above Savana Grande, and cropping out wherever 
a little rain-gully cutts throuigh the soil and even sometimes lying scattered over the 
surface. 

The Sierra Pirieta ridge is a spur' from the high mountains lyinig directly east of 
the Jaina River, starting off in the vicinity of the two high peaks of Mariana Chico 
and Siete Picos. The intermediate region is so closely connected in its geology with 
the Jaina country that it is most convenient to consider them as a whole. 

In the description of the route actoss the mountains by the LaguLneta Pass I left 
the sutbject just before reaching the Jaina River. The route was descrlibed across 

iSee pp. 89 and 127. 
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OF SANTO DOMINGO. 181 

the mounitains as passing entirely over slates which also extend down the Guananitos 
Creek. The heavy river deposit in the Jaina and its valley covers up whatever rocks 
may exist at this part of its course; but its head, which lies far to the northwest of 
the mouth of the Guananitos, is up a steep, narrow, and exceedingly rough ca"non, and 
entirely in syenite of constantly changing lithological characters. This is the broad 
mass which is alike encountered oni the Maimon River east of Mount Vanilejo, on the 
Majoma, the Upper Nigua, and even sends dykes across the Nizao almost to 
Maniel. 

The exact point where the pass enters the syenite on the river is not certain on 
account of the river deposit above mentioned, and which consists of gravel anid 
boulders of intruLsive rocks exclusively. Near los Matas Mr. Speare found two rocks, 
the more peculiar because of the large amount of hornblende in most of the syenite 
of the Jaina. They were not in place, although fragments of them were so abulndant 
as to imply that their source, most probably a dyke, was not far distalnt. Oiie is a 
soft yellow mica slate, the mica which makes the greater part of the mass beinig of a 
light brownish-yellow color; the other is a compound of white quartz and yellow 
feldspar, in which I am unable, with the glass, to detect any other mineral. South- 
west of this, five miles above Catare to the west of the road, and northwest of Mount 
Basimo, he obtained a dark-colored actinolite slate. This is not far from the syenite. 
In this same region a little gray limestone is found dippingr northeast, and just nortlh 
of Mount Bassimo a brown earthy shale occurs seamed with calc spar. This mouii- 
taim, which is a western spur of the Mariana Chica ridge, is traversed by a heavy 
dyke of syenite, some of which is made up of white quartz, white glassy feldspar, 
and little black specks of hornblende, while other parts seem to approach a porphy- 
ritic structure, consisting of large crystals of glassy feldspar and large grains of 
quartz imbedded in a matrix of a finer material of smaller quartz grains mixed witlh 
miniute specks of hornblende. A similar material was found on Upper Nigua, where 
the feldspar is of a flesh-color. It differs fiom a trule porphyry in that the matrix is 
resolvable even to the niaked eye into its component minerals, anid the ineluded 
crystals are both quiartz and feldspar. The high Iange east of Bassimo which sepa- 
rates the waters of the Jaiina from those of the Ozama and its tributaries and which 
give rise on its eastern side to the Isabefla, is made up of clay slates rarely talcose 
and sometimes jaspery. They are much traversed by quartz veins, some at least of 
which are auriferous. A little gold has been found in the bed of the Isabella, though 
not enough to be of importanice. In the latter river a greenish-gray fissile claystone 
is the prevailing rock. On the summit of Mariana Chica the same rock is jaspery, 
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while at its western base, at Novillero, it is brownish. much cracked, and with the 
surfaces stained with oxide of ironi. Further south, at Arbol Gordo, it is sometimes 
a little magnesian anid is usually much more slatey. A little further south still, in 
the woods of Monte Pueblo and on Madr igal Creek, it varies from a clay to a talcose 
slate covered with a heavy red soil, the rock traversed by innumerable little quartz 
veins rich in gold. The whole surface of Monte Pueblo is auriferous-the greatel 
part if niot all the soil would " pay " for washinig-but unfortunately the deposit is 
too shallow to warrant the expensive ditching necessary to carry water from the 
Jaina to a height of perhaps forty feet above its level, opposite that point, to reach 
the required level. The aggregate quantity of gold is probably not sufficient to cover 
the expense of a ditch of two or three miles long that would be necessary. I have 
obtained fiom an average of a dozen to a maximum of forty " colors " or specks of 
gold from a single panful of dirt over the greater part of this area. Up the Madrligal 
Creek, on the eastern margin of this tract, I found jaspers, clay-slates, sandstone, and 
a peculiar serpentinoid rock in place. The latter, a dark gray, contained little con- 
cretionary grains scattered through it of a lighter color and a little lharder; so that 
weathered surfaces took on an appearance, except in color, similar to that presented 
by mica slate studded with garriets. The rocks on the west side of the Jainia, above 
the mouth of Madrigal Creek, differ but little fionm those already described, the 
most common form being claystones varying fiom brown or gray to nearly black. 

At the nmouth of the Madrigal, on the southern edge of the Monte Pueblo or 
"Buenaventura " tract, the slates are all hiiglhly jaspery and are hiere penietrated in 
every direction by syenitic dykes of all sizes, often less than an inich in wi(dth and 
occasionally many feet. The syenite here is composed of nearly equal parts of the three 
usual constituents and is of a light gray color, sometimes containing little masses of 
the same material of a finer grain, and not rarely pieces of the enclosinig jasper. It 
is perfectly cemenited at its walls, so that no amount of force or blows will separate 
the two locks along the line of juncture; fiactures crossing from one material to the 
other perfectly. I collected numerous hand specimenis here and elsewhere, in part 
green or blackish jaspery slate, the remainder syenite. 

While at Madrigal I availed myself of the rich assortinent of boulders in the bed 
of the river to collect a characteristic series of those syenites in which the hornblende 
pr-edominated. This form of the rock seems to be peculiar to the Upper Jaina. I 
never saw it in place, but from the fact that it forms perhaps ten per cent. of all the 
pebbles in the river, it is not probable that it owes its origin to a single dyke. In 
some of the specimens the hornblende exists as rather isolated crystals sparsely 
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scattered through a gr'ay nmass, while in others there is hardly enough quartz and 
feldspar together mixed thiough the mass of black hornblende crystals to separate 
them one from another. In some cases the crystals are over an inch long and a third 
of aii inch tlhick, while the wlhite minerals are in grains hardly coarser thani sand. 

In the savana of Ar1bol Gordo and among the ruins of the old town of Buenaven- 
tura I found pieces of bog iron ore in the form of a granular limonite. At the 
former place I found it as Loose pieces in the soil, especially in a narrow strip of 
woods on the northern edge of the savana. Among the ruins I encountered squared 
blocks of a cubic foot and a-half, which had been used in building one of the princi- 
pal walls. Although my party was camped in this vicinity for weeks, and all were 
specially charged to sear ch for the original deposit, we failed to find it. It must be 
of considerable extent to have yielded the above blocks, but it is piobably hidden 
by surface soil. The absence of limestone in this viciniity would act as a serious 
drawback to its. exploration, should it be discovered even were the inducemnents for 
working it otherwise good. 

The Mano River, the largest branch of the Jaina, enters that stream fiom the 
west a short distance above Madrigal. Except near its mouth its whole course is 
through a solid mass of syenite, the pebbles fiom which form a broad shingly bed. 
In time of unusually heavy freshets the water spreads over the whole width, but at 
other seasons it is confined to a narrow crooked channel. It adds no new facts to 
our knowledge of the region, except the one that the great intrusive belt which sends 
so many dykes across the Jaina at this part of its coturse and through which the 
upper part of the main river runs approaches bodily very near it, although it does not 
quite reach it. Below the mouth of the Mano the Jaina channel divides; onie por- 
tioni carries all the water of the river in ordinary seasons, while the other runs on the 
west side of an island and is only filled in times of extraordinarily high water. On 
excavating two or three feet deep into this bed, water is reached at all times percola- 
ting through the gravel. Here theire is a little piece of flat river bottom made uip of 
sand and pebbles, and in 1869, Mr. Ohle "prospected" it thoroughly with a view to 
beginniing mining operations. He found gold in almost all of his l)its, but did not 
seem to discover sufficient in any one place to warranit further proceedings. 

South of the Madiigal oni the eastern side of the river, altlhouglh the hills still re- 
tain for some distance a height of two or three hundred feet above the river, the 
grassy surface of the savanas begins to encroaclh on the forest. rTlie slates cointiniue 
cropping ollt to the surface in a few places for fouir or five miles her-e with a recog- 
nizable high southern dip, uintil in the Porto Rico Savana, they are finally hidden by 
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184 ON THE TOPOGRAPHIY AND GEOLOGY 

the gradually thickeninig margin of the savana gravels made up entirely of debris of 
the rocks of the Upper Jaina. Still further south in the savana of Santa Rosa these 
gravels with their red sand, angular fragments of quartz anid the little streaks of 
black iron sand in every little rain-wash remind a Californian irresistibly of the foot- 
hills of the Sierra Nevada. They are in places slightly auriferotus, and though not 
probable, it is yet not impossible, that here if any where spots may be found where 
"hydrautlic mining " might be prosecuted with success. I say not probable, because 
the small amount of gold in the present bed of the river seems to indicate that the 
quantity would be proportiolnately still less when spread over so wide an area. And 
yet the "black sand" although often found by itself, neveitheless the invariable 
accompaniment of placer gold, is by no means scarce. 

South of the savana of Santa Rosa the red sandy matrix of the gravel becomes 
gradually calcareous and though pebbles are yet occasionally found they are more 
and more isolated until they also finially disappear, and the coast limestone is reached 
just below the savana of La Venta or south of Managuallaba Creek. 

West of the Jaina, below the motuth of the Mano is a hilly region of slates, 
bounded on the west by the syenites which extend across to the Upper Nigua. These 
hills are traversed by numerous dykes and are full of quartz veins. The slates are 
an inextricable mixture of green, gray, brown and black claystones variously colored 
jaspery slates and some more or less talcose. Among the first I found a couple of 
miles below the mouth of the Madrigal, a black rock slightly arenaceous, very com- 
pact and fiull of white grains. This is certainly a metamorphic shale, and yet, from 
its appearance in hard specimens, might be mistaken for a porphyritic rock. A 
similar material was found not rare on the Nigua River. The quartz veins are usually 
very small, hardly ever over a few inches in width and seem to be limited also in 
horizontal and vertical extent. A few however can be measured by feet rather than 
inches, and Mr. Spear spent some weeks in making an experimenltal opening on 
one of nearly three feet wide to ascertain its character. The result of his exca- 
vation was to disclose a vertical vein with well-defined margins intercalated in the 
shale. The quartz yielded a little gold by the ordinary miner's test of grinding 
in a mortar and washing the powder. It is doubtftul, however, whether the quantity 
would have been sufficienit to warrant earnest mining. 

On the ridge overlooking the mouth of the Mano at the head of two streams, 
called the Anones and Caballo, which unite and r'un into the Jaina a mile or more 
b)elow the moutlh of the Madrigal, is the largest quartz vein. I have seen on the Island. 
It crops out on tlhe top of the ridge and its (lowni-Ilill side is so covered with soil and 
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great blocks of quartz that it is impossible to ascertain its exact width from a mere 
surface inspection. It is certainly from twenty to thirty feet thick and may be much 
more. Fragments of the quartz are found the whole lenigth of both streams. 
Gold is fou-nd in every eddy in their can-ons and I obtained it by washing even the 
dirt from the hill sides. The quartz as it appears on the surfaces is more or less 
cavernous, the cavities lined or filled with peroxide of iron. On cruLshing it in a 
mortar and washing it I obtained bright gold in little flakes. I caused an assay to 
be made in New York of a portion which I took with me in 1869, but the returns of 
the chemist were so high that I shall not recoid them here, preferring to believe that 
either my specimens were accidentally an unfair sample or that the chemist made 
some mistake. Apart from this enough is known to prove that the vein is gold- 
bearing, and I believe sufficiently promising to warrant fuLrther examination. 

Not oilly is this vein auriferous but many of the smaller ones must containi their 
share of the precious metal. Over an area of several square miles of this vicinity 
not onily do the streams yield gold but the earth on the hill sides, and even on their 
summits contains it. About La Horca we found gold everywhere, and throughout 
the woods are innumerable pits often twenty or thirty feet in circumference and 
maniy feet deep whence the Indians mined the clay and gravel, and carrying it to the 
nearest stream washed it. It is doubtful however if placer mining could be made 
profitable on a modern scale. Not but that the " dirt" is rich enough, but its quantity 
in any one place is not sufficient to warrant the construction of expensive ditches, 
and the slow process of carrying the earth to the water in the Indian style is too 
laborious and costly to be thought of. Although innumerable little streams intersect 
the hills, none carry sufficient water for sluices. Possibly some of the larger creeks 
like the Caballo, Anones, Jirana, &c., might pay moderately to wash their clhannels 
but they would be exhausted too quickly to make them an object of attention alone. 
Thle women constantly wash gold in the creek beds and also in those of their tributaries, 
using the well known " batea" or wooden bowl. But they are content with a return 
of three or four reals (37- to 50 cents) a day. I have myself obtained in the Jivana 
grailns worth as much as ten cents in the ordinary gold pan, and I have seen lumps 
weighing a quarter of an ounce obtained by womeni in the same manner. 

There can be no doubt as to the sources of this gold. It is true that it is usually 
more or less rounded, but a very little transportation among hard stones will suffice 
to produce this appearance. It is never found far away from or up-stream above the 
quartz veins. Where quartz is most abundant the gold is also found in the greatest 
qtuantities, and where the onie is absent the other does not occ-ur. On- the hill sides 
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the auriferous earth is clearly derived from the decompositionl of the underlyinlg 
slates; and finally gold is nowhere found in those parts of the streams runniing onily 
in the eruptive rocks, unless a belt of slate crosses still higher up. Nor is it ever 
found in the earth overlying the syenites. Throughout this region syenitic dykes 
are constantly encountered, and the upper lhalf of the Jivana runs through the parent 
mass, while veinis of the same rock crop out in several places in lower part of its 
course as well as at the mouth of the Anones, and in the bed of the neighborilng part 
of the Jaina. We have thus a further proof of the theory already ellunciated* that 
the proximity of eruptive masses, is the eause of the presence of gold in the quartz 
veins of this country. 

On the Jivana there is a molre than usual variety in the appeairance of the syenite. 
In every place I found it flesh colored owing to a pinkish feldspar; in another it is 
dark gray and very fine-grained; and in still another it is white with acicular crys- 
tals of hornblende. Near there in the Jaina near the mouth of the Anones, there is 
a little dyke made up of white quartz, white anid pink feldspar and with little isolated 
grains of a black mineral which I could not determine with certainlty; anld betweeni 
the Anones and the river is another in which the materials are very unevenly dis- 
tributed, hornblende occurring both in irregular masses and in isolated crystals. 

South of this region the quartz veins still occur in the slates and on the Susia 
and Medina Creeks some gold is found, but the ei-uptive dykes here disappear anid 
the quailtity of gold rapidly dimishes. It is said to be founld as far south as the 
Cuallo but this requires corroboration. If it does occur there it is in very small 
quantities. 

This range of hiills terminates to the southeast in a prominent point running out 
into the savanas on the nearly flat summit of which is a little cluster of houses. 
Here the rocks are more. than usually metamorphosed, some of the beds being a black 
mica slate in which occasionally there can be seen small white grains of quartz. 
Throughout this rock are stains and an occasional little thread of copper ore. I dis- 
covered greeni and blue carbonate, a little silicate and some purple sulphuret. Nothing 
approaching a-vein structure has ever been detected, btut Mr. Heeklen, who seems to 
have been possessed with a mania for copper mining commenced oper ations here, dug 
innumerable little pits all over the hills and founded a settlement to which he gave tlle 
name of Cobre. Since his time one or two other but less elnergetic attempts to de- 
velop the " mines " have been made, but with no better success thall he attained. He 
also made similar essays at copper mining on the Arroyo de las Platanas, a little 
tributary of the Nigua west of Cobre. Here he fouind more copper- but no veins. 

* See pp. 89, 127. 
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In onie of his excavationis I found an approach to a 'vein structure, in a seam of quartz 
and slate, the vein swelling and narrowing very irregularly. In the quLartz are niests 
of purple sulphuret of copper, some of them as large as one's fist, and little streaks alid 
threads of the mineral are not rare. On crushing and washing a sample of this quartz 
I found a minute tr ace of gold. The country rock is a greenish gray claystone often 
much cross-fissured and in places slightly talcose. In one place it is dark gray and is 
spotted with small yellowish grains. It is about on the strike so far as can be deter- 
mined between Cobre and the copper dbposits of the Nigua at Monte Mateo. 

Although the sla-tes on the Nigua are so highly metamorphosed that it is next to 
impossible to discover their dips over a great part of the distance, yet from the al- 
most continuous exposures along the cainon of the river the section is one of the best 
that occurs tliiough these rocks. I have traversed the entire width of the metamor- 
phic belt many times and while the main features are. easily distinguishable have 
almost, always arrived at different conclusions about the dips of the jaspery slates 
between Tablasas and Pomiel. There is no question but that they all dip more or less 
sotuthward, but in one or two places the- strike twists around to the north and south 
and the dip is nearly vertical. My main conclusions are confirmed by the limestones 
wlhich retain their bedding well marked, and in a few places between the two above 
named points I believe I have found the true position of the slates, though I have been 
obliged to reject the greater part of my observations as based on too uncertain data. 
The slates- have -regulai systems of fissures often extending entirely throughout an 
outcrop, and fiequently so regular as to appear certainly the stratification; buit otlhers 
equally well-marked cross these in entirely different directions, and not rarely several 
of these systems occur together. Another source of conftusion exists in the color- 
ation of the rock. It is usually a dark brown or green, but bands of color, a foot or 
more wide, ofteui extend entirely across an exposure. This looks as if it originated 
in some trifling difference in the original constittution of the beds, now cowrsolidated 
into a homogenous mass, but closer examiniation develops the fact that these banids 
ar-e not of uniform width, they sometimes end abruptly, taper out, or widen and en- 
close masses of the predominant color of the surrounding rock; in short they possess 
all of the irregularity of mineral veins. At firgt I was misled by them, but on ineas- 
uring a great ntimber I found that they muist have had their or igin in some other 
cause than the original stratification. 

The eruptive, rocks extend southward to just below the mouth of Jamei Creek, 
their eastern margin, a nearly nlorth and south line, cutting across the heads of most 
of the tributaries of the Jaina. On the southern margini they are often of uniusuially 
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finie grain and dark in color. At the mouth of the Jamei I observed spots where the 
quartz was unusually clear and glassy; in another place I found a little mica. Some- 
times the syenite is flesh-colored or salmon-colored, owing to a more or less pinkish 
feldspar; but usually it is some shade of gray or even nearly white. In the river I 
found a gray rock resembling the peculiar porphyry-looking syenite already described 
from Mount Basimo, on the Jaina, but differing in the smaller size of the enclosed 
crystals of feldspar and quartz. The Mlajagual Creek, which empties into the Nigua 
a mile below the Jamei, also runs through these rocks, there usually of a dark color, 
though sometimes almost pure white. About a mile fiom its mouth there is a fall, 
at the line of juncture between the slates and syenites, where excellent examples of 
the contact can be obtained. Here, as on the Jaina, the two materials are completely 
fused together so that they cannot be separated by the hammer. In ascending the 
hill firom this point the sedimentary rocks are found overlying the eruptive, limestone 
capping the summit, with a low southerln dip. Fragments of the latter are very 
abundant both on the hill side and in the ca-non, as well as parallel withl this point in 
the Nigua, and although I obtained fossils abundantly here and in the debris in the 
main river, I could never find the fossiliferous bed in place on the latter stream. For 
a mile or more below the line of contact dykes ctlt through the jaspery slates, which 
are here very much disturbed and seem to be more or less vertical. Approaching 
Monte Mateo the limestones are found to dip northward at high angles, forming a 
narrow synclinal. They are here all highly altered and vary in color from dark gray 
to pure white; a sure criterion of the amount of alteration of this rock on the Nigua 
is to be fotnd in its color. When lnearest its original conidition anid full of fossils it is 
brick-red, and breaks with an earthy fracture. The fossils, it is true, are so far 
changed that they are reduced to a highly crystallized spar, rendering it next to 
impossible to extract them; but the rock shows no sigls of change. But as the 
metamorphism progresses, the material becomes lighter in color and more compact and 
varies throuigh dark flesh-color to all the shades of pink or gray, and the most 
thoroug,hly altered specimens are perfectly white and even traversed by little seams, 
like threads, of cale-spar. In no case, however, are they gi'anular, or do they approach 
even remotely to the structure of marble. 

In this vicinity there are numerous signs of miner als. A little gold, hardly wortlh 
mentioning, is found above Monte Mateo. On the Majagual, near the syenite a little 
vein of magnetic iron ore, containing a small quantity of copper and some gold, was 
opened a few years ago utnder the belief that the iron was gray copper! Several 
little copper veins crop oUt in the bluffs of the river above the mouth of that creek, 
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and at Monte Mateo there is a good-sized vein, which five or six years ago was opened 
quite extensively as compared with any other mining operations ever undertakeni in 
the country. The mineral shows itself on the face of a high bluff on the miargin of 
the river where the slates are discolored by oxide of iron for a width of 120 feet. 
Throughout this surface considerable quantities of ironl pyrites are found, and in olne 
place some copper stains cani be detected. An excavation of about fifty feet was 
made in the most promising spot, which had afterwards closed up by the rotting of 
the timbers and the fall of debris. Mr. Speare, who was employed at the mine, iniforms 
us that towards the surface the streaks of ore, a yellow pyrites, were comparatively 
small, but as the works increased in depth these streaks converged and promised to 
unite. He considers that there was a fair prospect of eventually finding a compact 
vein. His experience in copper mining elsewhere entitles his opinion to respect. 
Unfortunately, before the character of the deposit could be thoroughly proveni, failure 
of fLunds and the bankruptcy of the company put a stop to the operations, which have 
never since been resumed. Numerouis assays of thQ ore were made, and General 
Cazneau, in whose possession they were, exhibited to us the certificates of the 
chemists. Some of them are here given. The names of Secor, Swan & Co., of 
Baltimore, and Adelberg, Raymnond* & Co., of New York, are sufficient guarantees 
for the accuracy of the analyses, which were however made doubtless from the clhoicest 
specimens found in the mine. Adelberg, Raymond & Co. give- 

1st. 2d. 3d. average of five others. 

Copper ...................... 26.73 26.03 15.5 21.17 
Gold ...................... trace $23.60 per ton. 
Silver............. ......... trace 
Sulphur ...................... 33.16 

Secor, Swan & Co. found- 
1st. 2d (100 lbs.) 3d. 4th (9 tons). 

Copper ............... 20.5 19.0 20.50 12.5 per cent. 
Gold .$12.80 $10900 $5.00 ) 
Silver .$10.40 $13.03 $1.23p 
Sulphur .25.60 per cent. 

An examiniation of the above results show that while the hand specimens and even the 
100 lbs. lot gave usually very good results, the fairer working test of nine tolls brings 
tlhe character of the ore down to a doubtfully profitable grade. So much for the mine 
in the abstract. Its position is very unfavorable for sulccessful working, eveni if the 
vein and the ore should eventually prove good. It is nine miles up the Niguta above 
San Cristobal, following the ordiniary horse-trail, or six miles to the near-est point 

* Dr. R. Raymond, niow United States Commissioner of Minling Statistics. 

A. P. . -VOL. NV. 2V. 
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190 ON TILE TOPOGRAPHY AN]) GEOLOGY 

whenice a practicable outlet can be obtained from the canon towards Santo Domingo, 
and that over a high hill, Loma Cristina, fifteen miles fiom the city. This, which is 
the shortest route to an available shipping point, would necessitate twenty-one miles 
of land-carriage at least; or, in case of the very improbable contingency of a railroad 
being built to San Cristobal, the ore would have to be carried nine miles on horse 
or mule-back before it could reach the nearest poinit of the road. 

At the mine the country rock, which is a semi-jasper, strikes N. 300 W. with a 
northeast dip of 540 nearly confoirmable with the position of the limestone further up 
the river; but very soon there is an anticlinal, and the strata towards Tablasas dips 
to the southward. The jaspers are various shades of dark green and brown, and 
wherever not too muich fissured break with broad conchoidal fractures, buit with 
earthy, never perfectly smooth surfaces. In some parts they present peculiar appear- 
ances, resembling porphyry. One green specimen before me is mottled with minute 
black shining specks; others show similar marks, but gray, yellow or white in color. 
These are certainly ultered sedimentary rocks, although hand specimens might be 
mistaken for eruptive in origin. Except in these colored grainis they differ in no 
respeci from the other jaspers. It seems that a similar character is exhibited by some 
of the metamorphic rock-s of Jamaica. The geologists found that near the dykes 
some of the beds were " converted inito semi-crystalline masses resembling porphyry 
and sometimes trachyte." These changes are also accompanied by an incipient 
development of crystallinie minerals."'* I found one loose piece of gray jaspery slato 
ini the bed of the Nigua, of which nearly a fourth of the surface was made-up of fleslh- 
colored grains, apparently feldspar crystals, averaging over an eighth of an inclh 
across. Barrett describes fiom the southeastern part of Jamaica "porphyries andl 
hornblelnde rocks interbedded " with cretaceous strata, and compares them with Dar- 
win's account of localities in the Andes, " where porphyries which had flowed as 
submarine lavas alternate with conglomerates composed of the same rocks, and are 
overlaid with beds containing cretaceous fossils."t No such condition of affairs exists 
in Santo Dominigo. 

At Tablasas the limestone is again encountered strikinig east and west and dippinig 
on its southern margin south 25?. At its base it is divided into recognizable beds, 
from which I obtained the measurement; further south it becomes so massive that 
no stratification can be detected either in the bed of the river or on the hill sides. 
For several hundred yards it makes the bed and banks of the river in great masses 
their bases, usually so surroulnded with sand that it is lnot possible to determine 

* Jamaica Geological Report., p. 27. 

f Quart. Journ. Geol. Soc., vol. xvi. p. 324. 
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OF SANTO DOMINGO. 191 

whether they are in place or falleni fiom the overhanginig precipices. Some of these 
are doubtless derived from the cliffs, but an occasional ledge or little waterfall shows 
the rock to be in place. The sides of the canion are usually so overgrown with brakes, 
trees, and vines, that though very steep the stratification could not be deciphered 
even if there were lines between the heavy beds; but at the southern edge the top of 
the deposit crops out in a low bluff, the strike remaining the same but the dip only 
15? south. Throughout, this rock is nearly or quite white and shows no signs of 
fossils, although at this point I obtained from some botilders derived from the beds 
further up some of my most perfect specimens. South of the limestone the same 
jaspery slates come in again with varying strikes from east and west to N. 350 W., 
and with all dips up to 800 south. At the base of the hill of Pomiel the dip is south 
50, while at the summit there is another outcrop of limestone. I have tried ineffectu- 
ally to connect this with the rock of Tablasas, but its dip is southwest 30. Between 
the two exposures there is no corresponding northern dip of limestone, and all of the 
exposures at the latter place show southernl dips, as well as do all of the localities 
intervening where a reliable measure can be obtained in the slates; nor could I find 
any spot where a.probable fault by causinig a dislocation of the strata again brought 
the lower beds to the surface. It seems therefore that this is possibly a second 
deposit and more modern than that of Tablasas, although the rocks of the two locali- 
ties resemble each other so closely in every respect, that I would prefer considering 
one a repetition of the other, could I find any reasonable pretext for doing so. The 
only one Would be an enormous fault, but I have examined the interesting space very 
carefully without. finding any trace of it. Another explanation might suggest itself 
theoretically, but I can find nothing to warrant such a supposition. A reverse folding 
of the beds would not be incompatible with the appearance of the slates; but it would 
imply an amount of elevating force, exercised to the south of this point, which the 
configuration of the surface does not permit us to consider probable'. There has been 
anl unusual amount of disturbance at and immediately south of Pomiel, btut directly 
beyond that, the Cretaceous finally disappears, hiddenl by the Tertiary. On top of 
the hill the strike is N. 450 W., with a southwestern dip of 300. In the adjoining 
low hill of Latoma the limestone strikes N. 40 E., anid dips 450 southeast; while, 
within a quarter of a mile northeast of this point, it strikes directly north and south, 
and stands vertically. This is on the edge of the river, and the rock thus forms as it 
were, a rounided cap, covering a good part of the southern face of the high hill, of 
which Latoma is only a small spur. Directly across the river in the hill of Calaboso, 
a little outlier of the limestone again occurs, after which all finally disappears unlder 
beds of the Miocene anid coast formations. A little deposit of Miocene also forms 
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192 ON THE TOPOGRAPHY AND GEOLOGY 

the extreme point of Latoma hill, covering the tract known as Yerba Buenla. This 
is an outlier of Loma Cristina, and strikes about north and south, dipping west 25?. 

Near the summit of Pomiel are numerous caves in the limestone, some of them 
of considerable extent. The one most visited colnsists of a succession of chambers, 
perhaps 200 yards or more in length. Its floor is nearly level and is covered with 
little or no deposit of any kind. Adjoining it is another of nearly equal extent, in- 
habited by myriads of bats, very few of which are found in the first. Their dung 
forms a layer over the floor varying from a few inches to several feet in depth, mixed 
only with a few elytra of insects on which they feed. Other caves, but smaller than 
these, occur in Calaboso. At Latoma is a beautiful spring welling out from the base 
of a limestone bluff, probably through a similar cave. The water of the Nigua for a 
mile or two above this hill disappears under the sand of the river bed, anid doubtless, 
on reaching the limestone percolates through fissures to find vent finally at this point. 
The quanitity of water issuing here is about equivalenit to that in the river bed at 
Tablasas. 

A little Miocene Tertiary is found above this spring on the south flank of Pomiel, 
more occurs on Calaboso, but the whole of Loma Cristina is made up of beds of 
conglomerate, sandstone and calcareous claystone. The dip varies at low angles 
from west to south; the most prevalent being about 15' southwest. The base of this 
deposit is everywhere a coarse conglomerate covered by sandstone while the earthy 
and calcareous beds form the upper part. I found but few fossils and these in very 
imperfect condition but sufficient to prove the synchronism of this with the rocks of 
the Cibao Valley. 

In the flat land south of Calaboso and jtust east of San Cristobal, one or two very 
small outcrops of the conglomerate occurs, and over these are beds of coast limestolle 
which extend to the sea. In one spot I found the phenomenon of coast limestone sQ 
full of pebbles as to form a true conglomerate, and with pieces of branched corals, not 
water-worni, mingled witlh the stones. But the explanation of the circumstance ex- 
hibits itself in a bed of Miocene conglomerate, underlying the limestone in,an adjoin- 
ing little hill side. The pebbles were washed out of one formation to be immediately 
r e-imbedded in the other. While the Isabella, Jaina, Nizao, and other streams brought 
down large deposits of gravel during the Post Pliocene period, the quantity carried 
seaward by the Nigua must have been very small. . All of these rivers deposited their 
loads at and east of their mouths. But east of the mouth of the Nigua, the gravel 
inass is very incolnsiderable. both in area and thickness, and the limestones come up 
almost to the ancient coast line. It was probably then, -as now, a nearly dry stream. 
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OF SANTO DOMINGO. 193 

West of its mouth the limestones, while they continue almost to the Nizao, become 
gradually more earthy, and begin to show signs of the coast influences which acted 
so strongly to the eastward of the mouths of the (southern) Yaqui, Cuevas and Ocoa. 
The Nizao bore its part in the work, but deposited most of its debris- further north, 
to the west and even northwest of San Cristobal behind the Miocene hills, then proba- 
bly low islands, barely if at all elevated above the water. The limestone belt con- 
sequently is quite narrow about here, and instead of being a tough rock on the 
surface, loses the propertv of hardening on exposure. It gradually merges into a 
gravel, and beyond the Nizao towards Bani, losps all of its calcareous character. 
In one place near the mouth of the Nigua, I found in it a bed of small oysters. 

The Miocenle rocks of which Loma Christina may be taken as a type make a little 
range of hills west of San Cristobal, extending nearly to the Nizao. Wherever I 
have examined them, they have proveni to be the same earthy, brown beds of an in- 
termediate character between clay and limestone, alternating with beds of sandstone. 
In the more calcareous strata corals are not rare. These are almost always of the 
massive form, and occur abundantly as pebbles in all the streams running down 
from the hills. The strata are a little disturbed, but the dips are, while low very 
variable. Little outliers of the same formation, r emains of probably a much larger 
deposit now denuded away, are found in the hills further west. I have discovered 
rolled pebbles of Miocene corals in the Paya Creek, four miles east of Bani, and Mr. 
Speare obtained another rolled fiagment of well-known form in the neighborhood of 
Savana Buey. Back of these hills between them and the base of the main range, the 
Post Pliocene shingle of the Nizao covers all of the lower land, large rounded pebbles 
extending to the base of the hill just west of San Cristobal. An excellent oppor- 
tunity of observing this, exists along the inlalnd road from San Cristobal to Bani, by 
way of Estancia del Rey, while the coast road shows the parallel transition westward, 
from the limestone at Don Gregorio, lnear the mouth of the Nigna through its earthy 
stage, caused by the finer debris of the Nizao, to the similar shingly product of the 
Ocoa on the plains of Bani. 

Parallel with this outer belt there is a high range of mountains, bearing several 
peaks nearly as prominent as those of the main chain. But one of these lies east 
of the Nizao River, Mt. Manaclal over 4,000 feet high. West of it are two other-s of 
still greater altitude, Mts. Barbacoa and los Pinios. This mountain mass is visible at 
a great distance, and forms an excellenlt landmark at sea. The first of these' was 
visited by Mr. Pennell, who reported it to be made up largely of limestone and grani- 
toid rocks. It lies near the southern edge of the great intrusive mass, and the latter 

A. P3. S. VoI,. XV. 2W. 
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rocks are probably dykes extending from it. I crossed the country behind, or to the 
north of it to Maniel from the head of the Nigua, a distance by the route followed of 
abouit forty miles, although the enitire distance&in a direct line is hardly more than 
half that. The eruptive rocks extend uninterruptedly from the mouth of the Jamei 
across the ridge to the Majoma, and crossing that stream at its mouth, continiue across 
the Nizao for a short distance, when their margin suddenly bends northward, running, 
along the ridge which divides the tributaries of the Majoma from the Nizao, alnd con- 
tinues to Mt. Vaniilejo previously described. Beyond this western margin as on the 
eastern side of the mass, dykes raui out into green and brown jaspery slates, makinig 
a perfect repetition of the condition of affair s on the Upper INigua and Jaina. The 
syenites have been so thoroughly described already, that it is hardly necessary to say 
more than that they show no new features. On the Arroyo Botiguela, a little branch 
of the Nizao, dykes exactly like those at Madrigal on the Jaina were elicountered, 
and specimens firom the one place, showing the contact between syenite and slate, are 
undistinguiishable from those from the other. At this place there is a beautifiul fall 
over the green jasper, the water giving a clear leap of eighty feet. The cotntry is 
elntirely uninhabited, and except on its marginis is never penetrated even by the pig 
hunters. It is entirely without trails, and we were obliged to chop our road through 
the primeval forest, with its dense undergrowth all of the way. The settlements on 
its western margin extend but a mile or two east of Maniel; while the last houses on 
the Nigua are at Jamei. Rancho Arriba further north is the only spot in all the 
tract where there is any kind of a house; and that is about one-half ruined, and used 
only occasionally by hunters, or as a stopping place by the very few persons who 
cross the mountains by the Vanilejo route. 

MIaniel is a thriving little town on the west bank of the Ocoa, the centre of a good 
sized settlement in a valley 1,554 feet above the sea, according to the measurements 
of Mr. Penniell. Around it there is an uniusually great variety ini the rocks. Teni 
miles above on the river we found drab-colored argillaceous limestone, with other 
beds of a darker color with seams of white calc-spar. There is also much clay slate 
and coarse sandstone, and near the town we founid the same rocks repeated and 
associated with conglomerates. Some of this is barely more than a very coarse 
sandstone, the grainis being almost uniformly of from an eighth to a quarter of an 
inch in diameter. In other places it is similar to specimens found near la Veja, a 
green highly metamorphosed rock with small pebbles; while again to the east of the 
town, towards the Loma de los Ranchos, it is a coarse sandy limestone, very fuill of 
pebbles and resembling some of the fossiliferous limestone of the Nigua in this 
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OF SAINTO DOMINGO. 195 

respect, though differino in the absence of organic renmains. In the whole region 
there is but little of the talcose slate so coulmon on the north side and in the eastern 
half of the ranige. 

South of Maniel along the ca-non of the Ocoa River, the hills show a succession of 
broad, rounded undtulations of dark-colored strata of shale and thin bedded sand-- 
stones. They are so little metamorphosed that I searched them carefully in hopes of 
finding fossils. I do not consider my total want of success as proof that they do not 
exist. With more time to devote to the search I might have been more fortuinate. 
Just before the river emerges from the hills on the east side, there is a little creek 
called the Arroyo Salado, the water of which is so saline that when it evaporates in 
the dry season it leaves little incrustations of salt in the rocky basinis. The roclk 
which yields the salt is a red shale, the same as that found further north in the hills, 
differing only in color. I found in it a few concretionis of nearly black, semi-crystal- 
line calcareous matter. At the lower part of the same creek, the shales crop out 
with beds of sandstone, the latter forming long reef-like r idges, projecting above the 
softer material. Here a few springs similarly but less saline trickle down the banks, 
and leave, a white incrustation over the surLface. All of the rocks of this viciniity about 
Honduras, and even out in the plain about Savana Buey, dip at moderately low 
anoles southward. At the latter place argillaceous and sandy shales of a brown 
color crop out through the soil of the plain, anid on the margins of a high terrace 
bordering the Ocoa River. But ia the Loma de las Tablas, a nearly isolated hill, a 
little east of the linie of the section, heavy bedded sandstones but slightly altered 
seem to be locally uplheaved and striking, niearly north and south dip east as high 
as 500. 

A similar local upheaval occurs julst west of Banii in the Loma del Pueblo, but 
here the rock is a cream-colored limestone with siliceous streaks. I did not attempt 
the ascent of either Mount Barbacoa or los Pinos, but ascending the canon of the 
Bani River approached near to the south base of the former. Far up this stream 
there is a little collection of houses called Recol, perched on the hill sides and strag- 
gling along the canion. The people cultivate a little coffee, for which the soil is un- 
usually well adapted. At Recol I found -a very solid black claystone, and a dark 
greenish porous shale, both of them characterize(d by milnute white grains scattered 

through the mass. They are hiighly metamorphosed for ms of the same shales as those 
seen on tlhe Ocoa, having a -corresponding east and west strike. 

Fuirther down the eanon a few small streaks of pyrites hiave given rise to the 

opinion of the existence of copper deposits. I found nothing beyond a little suil- 
lullret of ironi. 
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I have stated elsewhere that with a single exception all of- the eruptive rocks of 
Santo Domingo are granitoid, and usually well-defined syenites. That exception was 
found in the Bani River in the form of a few pebbl'es of an unmistakable porphyry. 
It is apparently from a small dyke, judging from the few pieces fouind. I was niot 
fortunate enough to detect it in place, It is a nearly black matrix of fine grain, filled 
with tabular crystals of white feldspar an inch across. 

The plains about Bani have been referred to above as being covered with tbe 
usuial Post Pliocenie formation in the shape of a deposit of coast gravel. Although 
tliis extends uninterruptedly to the westward, the greater part in this region was 
probably derived from the Ocoa River. At Honduras where the river first issues 
fiom the hills, it is very coarse and conitains great quantities of large boulders, some 
of which are but partially rounded; but further out on the plains, both- south and 
east there are fewer and smaller, anid the preponderance of sand greater. Between 
the hills of the Pueblo and ]as Tablas the deposit forms a broad gravelly plain, cover ed 
with grass and overgrown with thickets of acacia and cactus. Scattered over it are 
a few lagoons, or rather small ponds which fuirnish a perennial supply of water for 
animals. On the margin of two of these are collections of houses known respectively 
as Caina Fistula and Matanzas, while lnear the foot of the bill of las Tablas is another 
settlement of the same name. The latter is on a small stream riunning down from 
Honduras. Three roads conniiect this region with that to the west. One crosses the 
Ocoa River at Savana Buey and follows the coast to Azua. The second passes 
thr-ough las Tablas and crosses a high hill called the Numero, uniting with the fir st 
a few miles east of Azua, while the last runs southwest across the nmountains fiom 
Maniel. 

The coast road after crossing the broad shingly bed of the Ocoa and a few low 
gravel hills, traverses some salt mashes adjoining the beach, and then follows the 
coast around the east side of the Bay of Ocoa. On passing some low hilly points it 
shows slate cropping out on the beach with southern dips, but most of the way is 
either on the sea beach or immediately inland on the drifted sea sand. 

Approaching Azua the Post Pliocene gravel is soon encountered, but there is 
nothing to distinguish it fiom that now in process of deposition. In fact, there is 
little doubt, but that its formation has gone on uninterruptedly; and. if it could be 
examined, that of yesterday would be found continuous and conformable with the 
most ancient poIrtions inland. 

The road over the Numero r'unls around the north side of the Tablas hill, crosses 
the river, and then mounts the slope of the hill. The rocks are coarse sanidstones anid 
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sandy shales not mueh altered, but more so than those about Savana Buey or on the 
Upper Ocoa. 

The region towards Azua suffers from the same deficiency of rain, as occurs in 
the western part of the Santiago Valley, and the nearly bare soil of the Numero, 
with its thin growth of cactus and thorn bushes, fully attests the great influence that 
moisture exercises over the fertility of the tropics. On reaching the plain, but little 
raised above the sea level there is a greater proportion of moisture in the soil, though 
no nmore in the atmosphere; and even hiere a notable difference is to be seen. LIarger 
trees among which the Guayacan or Lignum-vite is not rare form forests near the 
coast; and further iniland, although various species of acacia and cactus make up the 
thickets, their denser growth and more floturishing appearance attest more favorable 
conditions. 

I know the pass west from Maniel only from the -report of Mr. Pennell, who 
represents it as ver y similar to that of the Numero, except that the vegetation is more 
dense owing to its greater proximity to the high mouLntains and consequent greater 
rain-fall. He brouglht in hand specimens of a coarse sandstone and of a red highly 
metamorphosed shale, both idenltical with rocks about Maniel. He obtainied them 
near the summit of the pass. 

West of the junction of these roads, and just east of Azua, the coast gravels arc 
somewhat disturbed, being elevated into two or three low hills; but alonig the road 
there is no outcrop of older formations. Near the towvn, however, on the Rio Bia, the 
same coarse saindstone found near Maniel on the pass, and in Loma de las Tablas crops 
out in the bed of the stream. and further up a gray limestone with white calcareous 
seams forms low falls. Associated with these is a little red jaspery claystone, the 
whole having a southern dip. North of the town, anid west of the river, the sandstonie 
and limestone are again encountered at Higuereta. Near this place, and near the 
upper edge of the gravel is a stream almost always dry called the Agua Hedeondo 
or stinking water. About its upper part there is a group of little petroleum springs 
wlich make their way to the surface through the gravel. The underlyilng rock is 
nowhere visible, but the material probably originiates in the Cretaceous shales or 
sandstones below, aind which cannlot be very far from the surface. A few little pools 
occur in the nearly flat ground near the arroyo, and the earth and sand in its bed are 
cemented by the bituminous matter into a compact mass, in the same manner as 
occurs in a hundr-ed places in California. A few -years ago an attempt was made to 
work the deposit. Some pits were sunk iow frlled with water, on the surface of 
whiclh there floats a thini scum of viscid oil. Besides these an artesian well was conm- 

A. P. S.-YOL. XV. 2X. 
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198 ON THE TOPOGRAPHY AND GEOLOGY 

menced, but soon abandoned, and the rusting tools and a broken engine lie scattered 
around. The tube of the well is filled with oil and water tllrough which an inodorous 
and non-inflammable gas bubbles to the surface. Near the well there is a shallow 
depression on the hill side entirely bare, probably from the escape of the same gas, 
which seems to be deleterious to vegetation. It, however, does not affect the surface 
beyond the margin of the depression, which is simply a little basin a few feet deep 
anid a dozen yards across. The spot is interesting, mainly because it is the only one 
where this mineral occurs in Santo Domingo. The Jamaican geologists do not men- 
tion it, while Taylor,* as quoted by the geologists of Trinidad, says "the entire chain 
of the West India and Windward Islands present similar phenomela of petroleum 
springs, beds or veins of asphaltum anid accumulations of mineral pitch," mentioninig 
particularly Cuba anid Barbadoes. The last-named autlhors also quote deposits in New 
Grenada, while the extenisive outflows of Trinidad are peilhaps without a parallel. 
Schomburgkt also describes in detail the petroleum springs of Barbadoes, which 
although not numerous seem to be of large size. 

Beyonid Azua our klnowledge of the geology is necessarily very limited. Both 
Mr. Pennell and I made excursions as far to the niorthwest as Tubanos on the Coni- 
stanza trail, and that gentleman penetrated eastward from this route some distance up 
the river of las Cuevas, and made a boat excuirsion to the southwest along the coast 
to the boundary at the north of the Rio Pedernales. 

I have already described the sierra slates as extending to Tubanos, where they 
'finally disappear under the Post Pliocene beach deposit. Further back in the hiills, 
however, just below las Lagunas, these gravels elevated a couple of huLnidred feet lie 
horizontally or with an almost imperceptible southern dip, on the upturnied edges of 
the slates and are cut through by the canon adjoining the road. This portion of the 
deposit contains botulders often more than a foot in diameter, derived from the Neyba 
or Southern Yaqui River. It spreads all of the width of the San Juan Valley to the 
base of the mountains on tlle other side, and must be fotnd at least as far up as the 
town of San Juan. Just west of this town there is a little " divide," beyond which 
the streams run into the Artibonite. My hearsay iniformation in regard to what lies 
beyond is too unreliable to be recorded here. Suffice it that all evidence unites in 
representing the valley as the best grazinlg land in the Island, an evergreen plain, a 
continiuous prair ie of " Guiinea grass " that never suffers fiom either droughts or 
floods. What under-lies it we do not know. From Tubano the same gravels extend 
southeast, reinforced by the sutpplies derived from the Rio de las CLuevas, and cover 

* Statistics of Coal, p. 247. 

t History of Barbadoes, pp. 553 anid 571. 
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OF SANTO DOMINGO. 199 

the plain to, and beyond Azua. In some spots near Azua there are small, very local 
patches of coast limestone more impure than that deposited further seaward, and 
overlaid not by the usual red earth but.by a dazzling whitish calcareous soil. 

In the mountains on the river Cuevas Mr. Pennell found the gray sandstones of 
Maniel, Higuereta and las Tablas, gray clay shales similar to those on the Ocoa below 
Maniel, interstratified with limestone, a brownish serpentinioid rock and a pinkish, 
scoriaceous-looking shale with dark grains. He took no notes on the positions of the 
strata. A similar sandstone to the first menitiolned was also brought from the moun- 
tain of Higueros, in the same vicinity. From the mountain of el Curo west of Azua, 
the same gentleman obtained a white limestone apparenitly identical with that from the 
Nigua, indicating the cretaceous age of that range also. 

We know of the existence of a large deposit of mineral salt in the hills fifteen or 
twenty miles northwest of Barahona, but the disturbed condition of the region has 
never permitted us to visit it. Specimens brought in from time to time are not rare. 
The minieral is as clear as glass and cleaves into large blocks. The mine is said to be 
on a high hill side where it could be mined with perfect facility, while from the base of 
the hill, a gently descending plain, a natural railroad grade extends to the coast, 
terminating in a good port. It must be understood that I obtain my information 
from interested parties, although it is pretty well confirmed by common report. 

The results of Mr. Pennell's excursion along the southwestern coast are a corrected 
map of the coast lilne, and the information that all of the southern peninisula is a 
nearly level plain of coast limestone, apparently extending back to the Baburuco 
mounitains. It is densely wooded, and resembles in every respect the coast east of 
Santo Domingo City. Beata Island off its extreme point is an outlier of the same 
rock, nearly level, but with a trifling elevation in the interior. 

The island of Alta Vela is doubtless interesting, from the presence there of the 
large phosphatic deposit now being mined by an English company. I am unable to 
say anything about it, however, on accouint of the jealous policy exercised by the 
parties. Their agent informed me soon after they began operationis, that he would be 
pleased to extend to me their hospitality, an offer that has been repeatedly made since; 
but he then made the- condition that I must pledge myself not to publish anything 
about it. Being thus bound in honor not to avail myself of such facts as I might 
obtain, and having my time fully occupied in obtaining data that I could use with 
propriety, I have never felt warranted in accepting the otherwise kind invitationi. 
Mr. Pennell touched at the island during his last trip, but the restriction applies with 
equal force to my assistants as to myself. 
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200 ON THE TOPOGRAPHY AND GEOLOGY 

PART IV. 

PALIEONTOLOGY. 

CHAPTER XIII. 

DESCRIPTIVE CATALOGUE OF THE FOSSIL MOLLUSCA. 

PTEROPODA. 

DIACRIA. Gray. 

D. bisulca ta. Gabb, n. s. 
Shell allied to D. trispinosa, Lesueur in general form; lateral spines broader and shorter; apex straight, broad, 

compressed vertically, lateral margins carinate; body sub-compressed; aperture short, upper lip much more curved 
than the lower, producing a rather gaping mouth; both lips bordered by a reflected margin. Surface of both upper 
and lower sides marked by two long longitudinal depressions, which converge towards the base of the apical spine, 
producing a broad elevated median portion. 

This shell is less gibbous than D. trispi,nosa, ancd more so than D. mecronata. 
From the former it differs also in the shape, and from the latter in the direction of its 
lateral spines. The sulcation on the back also leaves the median space wider than in 
Quoy and Gaimard's species, and the reflexed lips of the aperture are different from 
any described species. 

B3ALANTIUM. Leach. 
B. undulatum. Gabb, n.s. 
Shell sub-cylindrical, tapering convexly towards the apex which is slightly arched downwards. Transverse 

section elliptical; .aperture as wide as the shell, but slightly compressed vertically. UJnder surface broadly undu- 
lated by a few transverse wrinkles; marked on each side near the apex by a faint marginal groove. 

Nearest to B. australe, d'Orb., as figured in Amer. Merid. but without the lateral 
ridges. It also diffets in being distinctly curved instead of straight. The figure 
given by Chenu in his Ma-nual is entirely unlike that of d'Orbigny. 

STYLIOLA. Lesueur. 
S. s u I c i fe r a. Gabb, n. s. 
Shell minute, regularly conical, straight; marked on one side by a longitudinal groove. 
This species can be at once distinguished by its groove. It is not unlike S. striata, 

Rong., in the width of its apical angle, but differs from that species in not possessing 
its curve nor its transverse striations. 
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OF SANTO DOMINGO. 201 

PLANORBELLA. Gabb, n. gen. 

Shell minute, vitreous, sinistral, apex sunken as in Ptanorbis. 

This genus from its distinctly sinistral character is evidently allied to Limacina, 
from which its. planorbiform mode of growth distinctly separates it. 

P. imitans. Gabb, ii. s. 
Shell minute, resembling a broad Ptanorbis; apex sunken, whorls two or two and a-half, partially enveloped. 

Except for its sinistral chlaracter this pretty little shell might readily be mistaken 
for a very young specimen of the common Planorbis trivolvus, so nearly does it copy 
the externlal form of that species. 

ATLANTA. Lesueur. 
A. rotundata. Gabb, n. s. 
Shell minute, dextral; spine minute, sub-globular and obliquely imbedded, nearly enveloped and hidden by the 

the last whorl; body volution showing a very minute trace of a keel, barely amounting to more than an obscure an- 
gulation onl the median dorsal line. Umbilicus very shallow and showing but a single volution; aperture trans- 
versely elongate; one enld being emarginate by the enieroachment of the preceding whorl. 

Its rounded form will serve to distinguish this from all other known species, and 
seems to necessitate a probable extension of the generic definition, as given in the 
books, so as to include round-backed, as well as angular or carinated forms. The 
presentt species is not absolutely round on the dorsum, but the keel being rudimentary, 
shows that such a tr ansition may be expected, and that a generic division on this 
character alone would not be valid. 

A. cordiformis. Gabb, n. s. 
Shell minute, compressed, sharply aiigulated on the dorsum and witlh a thin elevated keel. Apex depressed, 

not projecting above the body volution. Whlorls three; one and a half being visible in the broad flat umbilicus; 
aperture heart-slhaped; dorsal fissure deep. Sides of the mouth arched forwards in the middle, retreating back- 
wards with a regular curve to the outer margin. 

Not unlike A. Perronji, L. but with a distinctly heart-shaped aperture; broad on 
the inner and acute on the outer margins. From A. Kerandrenrii, L. it differs in 
being a similarly shaped, but much smaller mouth, anid in wanting the lateral angles; 
the lines of growth being regularly curved. 

MUREX. Linn. 

I. d o m i n g e n s i s. Sby. Quart. Jour. Geol. Soc. 18. 

A species approaching Ilaustellum in its almost centirely non-spinotis varices. It 
cani be recognized by its comparatively short and crooked canal. 

M. re cur vi r ost ris. Brod. ProC. Zool. Soc., 1832. 

Living on the West Coast from Mazatlan to Central America. Its straight 
canal, larger than the pr-eceding, and the few spines on the varices serve to distin- 
guislh it from the preceding. 

A. P. S.-VOL. xV. 2Y. 
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202 ON THE TOPOGRAPHY AND GEOLOGY 

M. antillarum. Gabb, n. s. 
Shell broadly fusiform, whorls eight, rounded, varices three, small, having small, sharp spines variable in number; 

body whorl inflated,. rounding in broadly to the suture, without any marked angle above, below tapering convexly 
to a nearly straight, short canal; spire elevated, about as long as the mouth, less the canal. Surface ornamented 
by numerous, more or less alternating, acute, revolving ribs, with concave outer spaces; crossing these are rather 
indistinct longitudinal ribs, four or five between each pair of varices. These ribs are better marked where they 
cross the revolving lines, than in the interspaces. Nuclear whorls polished, rounded and without ornament. 
Aperture ovate, constricted in advance, canal about equal in length to that of the mouth proper. Inner lip expanded, 
showing transverse striations; outer lip more strongly striate internally. Length 1.15 in.; width .75 in. 

A rare shell whose rounded form, thinner structure, more delicate varices and 
sculpture, and smaller size will all serve to distinguish it from the two preceding. 

M. (Chicoreus) m e g a c e r u s. Sby. Proc. Zool. Soc., 1845. Rve. No. 24. 

Living on the coast of Santo Domingo. 
M. (Pteronotus) t e x t i I i s. Gabb. n. s. 
Shell compressed triangular; whorls eight, the first nuclear, the next three cancellate and showing little or no 

trace of varices, which show themselves on the next (fifth) distinctly for the first. time, suture deep, caused by the 
great convexity of the whorls. Body whorl broad and flat above, then very convex near the top and tapering very 
gradually in advance. The three varices are thick at their bases, broad, acute and slightly recurved on the margin. 
Between each pair of varices there is one large prominent node, placed longitudinally, too broad to be called a rib. 
The entire surface is covered by about a dozen revolving ribs, except on the faces of the varices, where correspond- 
iDig grooves take their places. Crossing these, the lines of growth are developed into minute erect plates, placed at 
equal distances and arching over all the ribs and intermediate, alternating lines, so as to produce under a lens, the 
effect of a lace, or loosely woven web. Aperture small, ovate; inner lip acute; outer lip faintly grooved internally; 
canal about twice as long as mouth and nearly, or entirely arched over. Length 1.4 in.; width .8 in. 

M. (Pteronotus) c o m p a c t u s. Gabb. n. s. 
Shell short, thick, robust; spire about two-thirds as long as body whorl. Whorls eight; the first two nuclear, 

sututre impressed. Body whorl broad above, tapering in advance, top sloping, very slightly concave. Varices three, 
short, robust, fimbriated or toothed on the margins, but bearing no spines or other elongate processes. Between 
each pair of varices, on the shoulder of the whorl, is%a broad, blunt node. Surface ornamented by numerous large 
revolving ribs, between which are many smaller lines, all crossed by distinct, subsquamose lines of growth. Aperture 
small, sub-oval, inner lip with a faint tooth posteriorly; outer lip internally striate; canal short, blunt. Length 
2.3 in.; widtlh 1.4 in. 

The spire is much higher in the preceding species, and this is altogether a much 
heavier and more compact shell. 

TROPHON. Montf. 

T. dominicensis. Gabb, n. s. 
Shell small; broadly fusiform, thin; spire three-fifths the length of the mouth, turriculated; whorls eight, the 

first three nuclear, round 'and increasing very little in width, the other five widening more rapidly and angulated. 
Body whorl truncated above, with a rounded rib oni the angle; above this the surface sinuous, convex nearest the 
suture and concave adjoining the angle; bel6w the angle it is convex in the middle and rounds concavely into a 
moderate canal. Surface marked by from six to seven blunt varices, each bearing a single spire on the angle of the 
whorl. Between the vaarices the, surface is shallowly excavated. Crossing both the varices and interspaces, below 
the angle, there are a few small revolvi-ng ribs. - Aperture bi-angular posteriorly, narrowed gradually in advance; 
canal moderate in length, open; outer lip denticulated internally. Length .8 inch. 

A very rare shell. But two specimens were found. 
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OF SANTO DOMINGO. 203 

MURICIDEA. Swains. 

M. corrugata. Gabb, n. s. 
Shell short, broad, robust; spire about equal in length to the mouth. Whorls, including the nucleus, seven; 

rounded and increasing rapidly in diameter; suture well marked; eight large rounded longitudinal ribs, with broad 
regularly concave interspaces. These are crossed by numerous revolving lines, sometimes alternating in size% 
Aperture broad, canal short and recurved; inner lip slightly encrusted and strongly ribbed transversely, especially 
in advance; outer rib also strongly ribbed internally. This character of the mouth will distinguish the species from 
the following. Length .65 inch, width .4 inch. 

M. la ta. Gabb, n. s. 
Shell short, broad, and robust; spire and aperture about equal. Whorls seven (?) (the apex is corroded away)> 

broad, angulated, obliquely truncated above. Body whorl very short and sloping with nearly straight lines to its 
anterior end. Surface bearing nine broadly-rounded longitudinal ribs, crossed by numerous closely-placed and 
rather large elevated revolving lines. Aperture broad and rounded behind, narrowing regularly in advance; canal 
short and nearly straight; columella slightly encrusted, polished, and with no teeth or ribs on either inner or outer 
lips. Length .45 inch, width .3 inch. 

From the preceding species this shell can be distinguished not only by the inside 
of the mouth, as stated above, but also by its sub-angular form, sloping tops to the 
whorls, and nearly straight converging anterior end, and by the closer-placed revolv- 
ing sculpture and straighter canal. 

M. striata. Gabb, n. s. 
Thinner and proportionally longer than either of the two preceding. Spire elevated about equal to the aperture; 

whorls eight, including the nucleus; angulated. Body whorl sloping nearly straight above, convex below, the angle con- 
stricted in advance. Surface ornamented by seven large ribs on the widest part of the whorls, which become obsolete 
above and below. Crossing these below the angle are half a dozen linear ribs with broad smooth interspaces. These 
latter ribs are well developed where they cross the others, but are much smaller in the concave spaces. Mouth 
subovate, constricted in advance. Incrustation of the inner lip heavy, smooth, and with a projecting free edge; 
outer lip faintly striate internally. Canal twisted, with a broad imperforate umbilicus. 

Although about the same size as the two preceding species, this shell can be at 
once recognized by its thinner structure, its more slender shape, its more twisted 
canal, and by the paucity of its spiral ornaments. 

TYPHIS. Montf. 

T. a l a t u s. Sby. Quart. Jour., Yol. VI. p. 48, pl. 10, fig. 4. 

Very rare. Close to, but distinct from T. acuticosta, Con. of the Vicksburg 
Eocene. 

T. o b e s u s. Gabb, n. s. 
Shell short, broad; spire very low; whorls eiglht, sharply angulated; concave above the suture, sloping convexly 

below; varices four to each whorl, acute-angular on their margins, and ending in a blunt process on the upper angle 
of the whorl; tubes moderate, pointed laterally, below each tube the surface of the shell is greatly swollen, and two 
lines pass anteriorly, one being the margin of the old mouth, the other, in advance of the tube, being similar in 
character and indicating another arrest in growth. Surface polished, marked by faint lines of growth, and crossed 
below the angle by a few irregular transverse lines, not ribs. Aperture small, oval, bordered by a prominent, acute 
raised margin; canal closed, short, recurved; front face of terminal varix marked by five small ribs radiating from 
the outer lip. Length 1. inch, width .75 inch. 
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204 ON TILE TOM'PO IIA'I"IIY AND GEOLOGY 

With the same general surface ornaments and the same number or whorls anid 
varices, the shell has a very much lower spire alnd the body whorl is a third wider 
than Sowerby's species. The great variety of both species prevents a comparison of 
a series, but I can hardly believe, despite their similarity in some respects, that two 
shells of such different formn can be specifically related. T. alatus is a long slenider 
fusiform shell, with a long straight canial and a slender spire. At the same time the 
resemblance in the ornaments, number of the varices, and of the whorls, anid in size 
render it possible that they are only varieties of olne species. My only specimen of T. 
alatus has not the aperture )erfect, so in that respect I am compelled to use SowerbyZs 
figure for comparison. The mouth of my ohesus is much more elongated than 
Sowerby makes it, and it is sub-angulated instead of being roulnd in advance. 

FUTSUS. Lam. 

F. H en e k e n i. Sby, Quart. Jour. Vol. VI. p. 49. 

Common. 
F. quad ratus. Gabb, n. s, 
Shell very small, eloingate-fusiform, spire i1early twice as long as the aperture; whorls eight, the first two, 

nuclear, round and plain; the next three bearing a number of tubercles which diminisbes on each succeeding wlhorl; 
suture linear, impressed; body whorl most prominent in the middle, sloping up with but slightly converging sides 
to the suture. Canal short, broad. Aperture broad, columella slightly curved, outer lip simple. Surface of the 
body whorl marked by four very large rounded longitudinial ribs, with nearly flat interspaces, making an irregular 
quadraingular prism. On the next two whorls the ribs, which are not perfectly coincident from one volutioln across 
the suture to the other, become more numerous, so that in the middle of the spire there are five, and still further up, 
on the first ornamented whorl below the nucleus, there are eight or nine little tubercles. Length .35 inch, width 
about .15 inch. 

This peculiar little shell, of which I have seen but a single specimen, has some- 
what the surface characters of Mangelia, but its straight lines of growth show that 
it cannot belong to that family. It is a Fusus in all of its characters except its 
uinusually short canal. 

F. H a i t e n s i s. Sby. Quart. Jour. Vol. VI. p. 49. 

Among the many thousands of shells collected I have founid niothing corresponld- 
ing with the above quoted description. May it not be onily an individual variation 
of F. Henekeni ? 

HEMIFIJSUS. Swains. 
H. Antillarum. Gabb, n.s. 
Shell short fusiform, moderately broad ; spire about half as high as the length of the aperture; whorls eight, 

angulated, sloping, and slightly concave on the upper surface, bearing about ten rounded lnodes on the angle, slightly 
convex below; suture impressed. Surface ornamented by numerous revolving lines. Aperture broad; outer lip 
internally striate; canal moderately produced, slightly twisted. Length about four inches. 

Allied to H colosseus, Lam., but proportionally broader, with a lower spire, less 
sloping on the shotulder of the whorl, anid the nodes are larger and rouinder. 
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MELONGENA. Schum. 
M. melongelna. Linn, sp.. 

Murex melongena, Linn. 
Pyrula melongena, Lam.. An. S. V. 
Cassidulus mneongena, H. and A. Ad. Gen. Rec. Moll. p. 81. 
Pyrula patula, Brod. and Sby. Proc. Zool. Soc. Vol. IV. p. 377. 
C. patulus, H. and A. Ad., loc. cit. 
Pyrula consors, Sby. Quart. Jour. Vol. VI. p. 49. 

No further proof of the above synonymy is nieeded than an examination of the 
series of over a hundred specimens collected in the Santo Domingo Tertiary. The 
fact that Mi. patula is from the Pacific, while M1 melongena is West Indian, loses all 
weight when we study the common Miocene ancestors of the two. The two figures, 
18 and 20, of Reeve in Icon. Conch. do not-exhibit the extreme variations traceable 
among our fossils. The thickening of the body whorl adjoiningl, the suture varies, 
sometimes amounting to the defor mity observable in Clavella, and sometimes being 
entirely absent. The rows of tubercles on the shoulder as well as those in advance 
also vary greatly. The normal or most common condition is one row in each series, 
buit two are not rare behind; three occur occasionally, and in some cases, especially 
up to middle size, the shell is entirely devoid of any signs of prominences. The 
anterior row may be entirely wanting, or the tubercles, always large wheni present, 
may be close to each other or distant. One or two half-grown specimens occur in 
the series entirely devoid of tubercles, while a small shell before me, undoubtedly of 
this species, is squamose adjoining the suture, has two rows of tubercles above, a 
large row below, and is covered with strong revolving lines. 

'This species is not -rare in the European Miocelne, where it has received a series 
of specific names. For a list of half a dozen, see Hornes, Foss. Moll. Tert. Wien. in 
the Abhandlungen der K. K. Geol. Reichsanstalt, p. 274, plates 29 and 30. 

METULA. H. and A. Ad. 
M. cancellata. Gabb, n. s. 

Shell long, regularly curved-fusiform; spire a very little shorter than the mouth; whorls eight, body whorl 
long, slender, sides gently curved; suture bordered by- a tlhickened rib. Mouth lonig, narrow, peristome continuous 
posteriorly; inner lip covered witlh a thick smooth callus, outer lip thickened, sub-acute, and faintly reflexed on the 
margin, faintly denticulated internally. Surface marked by small but equal lonigitudinal and revolving ribs. Onie 
or two of the latter nearest the suture are a little larger than the others. 

Abo-ut the same size as M1 clathrata, but has finer sculpture and is more slenider. 
My specimens resemble more niearly the figure of that species in Gen. Recent Moll., 
tlhan the original in the " Voyage of the SamaraTng." It also has one more whorl 
than is attributed to that species in the descriptioni. 

A. P. S.-VOL. XV. 2Z. 
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METULELLA. Gabb, n. gen. 

Shell fusiform, canal more or less produced; inner lip covered with a thickened plate, continuous posteriorly 
with the outer lip. Interior of both inner and outer lips strongly denticulated or transversely striated. Surface 
cancellated or costate. 

This genus is more distinctly fusiform than Metula, and has the additional char- 
acter that the thickened inner lip is covered throughout its length by a series of 
prominent denticles not corresponding with the covered-up surface ribs. 

M. ven usta. Sby., sp. 
Columbella vermusta. Sby. Quart. Jour. Vol. VI. p. 46, pl. 9, fig. 6. 

The absence of all trace of a notch in the lip proves that Sowerby's reference of 
this shell to Columbella was incorrect. Its fusiform shape, its canal, and the straight 
lines of growth place it in the Fusincie, and I have been obliged to institute the genuis 
to receive it and the following species. 

M. fusiformis. Gabb, u.s. 
Shell fusiform, spire high, slender, a third longer than the mouth; wlhorls nine to ten, rounded. Surface regu- 

larly cancellate, except on the canal, by equal longitudinal and revolving ribs. On the canal the former are absent. 
Aperture long and narrow; canal produced, slightly recurved; inner lip covered by a thin callus posteriorly, thick- 
ened in the middle, denticles as prominent as the external ribs and placed transversely. Outer lip thick with an 
acute margin with eight or ten teeth on the inner face. Length .7 inch, width .25 inch. 

Not common. 
TURRIS. Bolt. 

T. (Surcula) v i r g o. Lam., sp. 
Pleurotoma virgo, Lam. 
Turris virgo, H. and A. Ad. Gen. Rec. Moll. 
Pleurotoma virgo, Moore. Quart. Jour. Geol. Soo. Vol. IX. pp. 129, 130. 
P. HaiteMis8& Sby. Id., Vol. VI. p. 50. 
P. Barretti, Guppy. Id., Vol. XXII., 290, pl. 17, fig. 6. 
P. Jelskii, Crosse. Jour. Conch. 1865, p. 34, pl. 1, fig. 8. 
P. AIntllarum, Crosse. (Nat. d'Orb.) Loc. cit. fig. 6, 7. 

A common shell, found living in the West Indies andc on the coast of Mexico, and 
one of the most abundant fossils throughout the Dominican beds, occurring over 
their whole extent both stratigraphically and geographically. It varies very much 
in the nimber, relative size, and arrangement of the ribs, although the general form 
is quite constant. While Mr. Guppy's figure represents a not infrequent variety, 
those of Mr. Crosse are not less characteristic. In some cases the ribs are all of the 
same size, or they are alternate, or even have three or four fine thread-like lines in 
the interspaces. In one specimen the whole surface is covered by large ribs oilly 
separated by acute channels, from which form a regular gradation can be traced to 
the other extreme, in which the body of the last whorl has but one very prominelnt 
ridge on the angle and but one or two below. The identity of all of these forms is 
amply proven by a study of over 500 specimens collected and a comparison with 
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OF SANTO DOMINGO. 207 
recent shells. There is one constant character, apart from the form. The notch of 
the outer lip is broadly sub-angular and is only coincident with the most prominent 
of the ribs when they differ in size. This rib occupies the posterior angle of the body 
whorl. Mr. Guppy's figure of P. Barretti represents the size of the largest specimen 
found by Mr. Bonaczy. 

T. (Surcula) H e n e k e n i. Sby. sp. 
Pleurotoma. Id., Sby. Quart. Jour. Vol. VI., p. 50, pl. 10, fig. 6. 
T. (Surcula) Jaquensie. Sby. sp. 
P. Jaquensis. Sby. Loc. cit. p. 51. 

Not a very common species but easily distinguished by its robust fusiform shape 
and uinusually heavy longitudinal ribs. In the young stage it is proportionally more 
slender. I have before me a few smaller specimens, so nearly like the typical form 
that I dare not separate them, though they show some small points of difference. 
The longitudinal ribs are a little more oblique and the revolving ribs are smaller and 
more numerous, but my experience with 17. virgo renders me timid in attaching 
great importance to these characters, unless proven by a larger series than I yet 
possess. 

T. (Surcula) r a r a. Gabb, n. s. 
Shell elongated fusiform; spire high, -whorls numerous (number unknown), slightly convex on the sides; body 

whorl rounded in the middle, sloping upwards nearly straight to the suture, concavely tapering in advance; suture 
impressed. Surface marked by a large number of equal revolving ribs, crossed by well-marked, irregular lines of 
growth. Mouth long, narrow; canal long;, inner lip smoothly encrusted; outer lip acute. Sinus distant from the 
suture, broadly sub-angular. Length between 2 and 3 inches. 

A single specimen which has lost both the apex and the end of the canal. It is 
most nearly allied to 17. Carpenteriana, Gabb, from the later Tertiaries of California, 
but is much more slender, with a proportionally longer spire and canal, and the notch 
of the outer lip is sub-angulated instead of being broadly concave, as in that species. 

T. (Surcula) P a r k e r i. Gabb, n. s. 
Shell slender fusiform; spire high, longer than body whorl and canal. Whorls eleven prominent in the middle. 

slightly concave towards the suture, which is linear anid undulated. Surface ornamented by about ten very promi- 
nent acute lonigitudinal ribs, with broad, smooth, concave interspaces. Aperture long, narrow; canal straight; 
inner lip rather heavily encrusted, sinus broad, rounded, moderately deep and placed near the sutuire. Length about 
one inch. 

A rare little shell, with ornamentation resemblilng that of Mangelia. 
T. (Drillia) in i 1 i t a r i s. Hds. sp. 
Ctavatula Id., Hds. Proc. Zool. Soc. 1843, Vog. Sulph., p. 16, pl. 5, fig. 10. 
Driblia. Id., H. & A., Ad. Gen. Rec. Moll. 
Pleurotoma consors. Sby. Quart. Jour. Vol. VI., p. 50. 
Id., Guppy. Loc. cit. Vol. XXII., p. 289. 

With very similar scalpture to Drillia ventusta, Sby., this shell can be distinguished 
at all ages by its more slender form. Described by Hinds as living at Panama. 
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208 ON THE TOPOGRAPHY AND GEOLOGY 

T. (Surcula) longicaudata. Gabb, n. s. 
Shell long, slender fusiform; spire elevated, somewhat shorter than the body whorl; whorls ten, the upper ones 

prominent in the middle, slightlv concave near the suture. Suture impressed, bordered by a thickened margin. 
Body whorl long, slender, outlinies gently sinuous. Canal long, tapering, very slightly recurved; aperture long, 
narrow; columella slightly tortuous, inner lip encrusted by a very thin callus; sinus small, deep, adjoining the 
suture. Surface marked by numerous acute, revolving ribs, with concave interspaces and crossed by lopgitudinal ribs 
following tlie direction of the lines of growth wlicih, by their intersection, produce a semi-clatlirate appearance. Near 
the'suture, over the space occupied by the sinus, the revolving ribs are replaced by fine lines. Length about an inch. 

This species is not unilike T. consors in its sculpture; but it differs in form. In 
this, the spire is shorter than the body wllorl; in that, it is much longer; in this, the 
canal is straighter and the notch is nearer the suture than in that; and, finally, this 
does not possess the heavy revolving rib just below the suture, which is one of the 
most constant characters of fT. consors. 

T. (Surcula) hum erosa. Gabb, n. s. 
Shell elongate fusiform, spire high, turriculated; whorls ten, prominent and angulated on the sides, broadly and 

deeply concave above. Suture bordered by a thickened line. Body whorl broad in the middle, concave above, con- 
vexly narrowing below and suddenly constricted at the base, beyond which projects a long, slender, straight canal. 
Surface marked by revolvilng ribs showing more or less tendency to alternatioln in size; above the angle, these ribs 
are smaller and more uniform. On the angle is a series of flattened tubercles, about a dozen to a volution. A perture 
wide and bi-angular above, narrowed in advance. IIiner lip but faintly encrusted., SinuLs deep, oblique and placed 
between the suture and the angle of the whorl. Length about an inch. 

A peculiar shell unlike any other Turnis, in the formation. It looks like a small 
Fusus. One specimen, on account of an injury durinig its growth, has the body 
whorl rounded, instead of angulated on the shoulder. 

T. (Bela) Dominicensis. Gabb, n. s. 
Shell minute, ti.rriculated; spire about twice as long as the mouth; whorls eight, the first two nuclear, the 

others angulated, straiglht and sloping above, convex below. Body whorl convex in the middle, concavely tapering 
below. Suture linear, bordered by a slightly thickened line. Surface ornamnented by small, revolvinig ribs, crossed 
by minute but distinctly prominent lines of growth. On the angle is a series of tubercles, about eight to a volutioil, 
which sometimes extend above and below as broadly rounded ribs or undulations. Aperture moderately broad, 
regularly tapering in advance. Canal broad, short. Ininer lip polished. Sinus very broad and shallow, the deepest 
part immediately above the abgle. Length .2 iieh. 

T. (Drillia) g i b b o s a. Chemn., sp. 
Pleurotoma gibbosa, Chemn. Conch., Vol. XI p. 190. 
Drillia gibbosa, H. and A. Ad. Gen. Rec. Moll. 

T. (Drillia) v e n u s t a. Sby., sp. 
Pleurotonta vemusta, Sby. Quart. Jour. Vol. VI. p. 59, pl. 10, fig. 7, id. Guppy, Quart. Jour. Vol. XXII. p. 289. 

T. (Drillia) s q u am o s a. Gabb, n. s. 
Shelllarge, heavy, turriculated; spire about 1i times the length of the mouth. Whorls ten, prominently convex 

in the middle, concave or laterally flattened immediately below the suture. Suture bordered by a thickening of 
the succeeding whorl. Surface covered by prominent oblique ribs, about ten to a volution. These ribs are laterally 
flattened in the young shell, but develope to an elonigated tubercle in the adult. The whole surface is transversely 
striated by minute, broken, elevated, thread-like lines, which are in turn crossed or interrupted by the lines of 
growth, which in places, especially adjoiniing the suture and oJn the large ribs, stand out as squamose plates. Mouth 
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OF SANTO DOMI-NGO. 209 
sub-quadrate; canal short, twisted; inner lip covered with a heavy plate, of which the free edge projects somewhat; 
outer lip heavy, margin acute; sinus large, deep, and adjoining the suture. Length 2.5 inches, width 1 inch. 

CLAVATULA. Lam. 
C. l a b i at a. Gabb, n. s. 
Shell regularly fusiform, spire nearly as long as the aperture; whorls nine, angulated above, concave and sloping 

from the angle to the suture, bearing about nine or ten broad rounded oblique tubercles on the outer side of the 
angle. Surface of the upper whorl fainttly striate by revolving lines; body whorl marked only by the coronal tubercles 
and lines of growth in some specimens; in others faintly striate like the spire. Aperture narrow, canal moderately 
produced, very faintly twisted; inner lip simple; outer lip irregularly rugose internally, prominent in the middle, 
acute on the margini, and thickened behind; sinus deep, adjoining the body whorl, margin internally thickened. 
Length .85 inch, width .4 inch. 

DEFRANCIA. Millet. 
D. gracilis. Gabb, n. s. 
Shell elongate slender-fusiform; spire longer than the mouth, whorls eleven, of which three are nuclear, 

sliglitly rounded on the sides; suture bordered by a thickened line. Surface marked by numerous rounded longi- 
tudinal ribs extending to the suture and crossed by two sets of revolving lines, one series prominent and somewhat 
distantly placed, the interspaces filled with minute threads. This revolving sculpture varies somewhat in degree. 
Aperture narrow; canal moderate, broad; columella encrusted, slightly tortuous, a broad low tootlh near the sinus; 
outer lip very thick, with an acuLe slightly reflexed margin and a faint notch anteriorly; posterior sinus deqp, close 
to the suture. Lelngth 1.2 inch, width .3 inclh. 

A rare shell, remarkable for its lonig slender form. 
D. fusiformis. Gabb, n. s. 
Shell elongate, fusiforin, spire a little longer than the mouth; whorls twelve, the first one or one and a half 

nuclear, the others convex in the middle and strongly carinated; suture bordered by a thickened rib. Surface 
ornamented by a few large longitudinal ribs (about eight), crossed by prominelnt revolving ribs with broad inter- 
spaces in which are fine revolving lines. There are usually three of these larger revolving ribs on the upper whorl, 
the upper one of which is generally accompanied by a smaller one placed above and close to it. Mouth broad above, 
narrowed and produced in a long canial, the end of which is slightly expanded. Inner lip heavily encrusted; outer 
lip very thick with a thin margin, internally grooved, the grooves corresponding to the external revolving lines. 
Sinus deep, widened a little'at the bottom, placed above the angle. Length 1.5 inch, width .5. 

A shell resemblingFusus in external form anid with the large ribs of T. Jaquensis 
combined with nearly the same revolving ornaments as D. gractlis. Its spire is pro- 
portionially much higher than T. Jaquensis, and its whole form is unlike the other 
species. 

D. paupercluIa. Gabb, n. s. 
Shell small, cctmpact, elongate; sides curved; spire one and a half times the length of the mouth; suture well 

marked and bordered by a raised line; whorls about seven; sides gently curved, forming a nearly continuous line 
from the apex to the anterior end. Sarface prominently clathrate. Aperture narrow, canal short and broad; 
columella arclhed; outer lip thickened, sinus moderate, near the suture. Length .35 inch, width .1 inch. 

Very rare. A single specimen found. Distin-guiished by its small size, its curved 
sides, and its strongly cancellate sculpture. 

GLYPHOSTOMA. Gabb, n. Gen. 

Slhell like Defrancia, but with the entire length of the inner lip strongly crenulated or transversely rugose. 
This genus bears the same relation to Defrancia that Metulella (ut supra) bears 

A P. S-V(L T XV. 3Al 
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210 ON THE TOPOGRAPHY AND GEOLOGY 

to Metula. The inner lip of the only known- species is thickenied and is crossed by a 
number of prominences, intermediate in character between teeth and transverse folds. 
At the same time they are not like the one fold of Borsontia or the two or three of 
Cordiera, which in those genera are very similar to those of Mitra. A better com- 
parison would be with the teeth of Cyprapa. 

G. dentifera. Gabb, n. s. 
Shell rounded, fusiform; spire elevated, nearly as long as the mouth; whorls eleven, rounded on the sides, 

klightly excavated near the suture, which is bordered by a little thickening of the succeeding whorl. Body whorl 
convex, gracefully concave, and prolonged in advance into a straight canial. Surface cancellated by nearly equal 
longitudinal and revolvinlg ribs. On the upper whorls the former are proportionally larger, giving the spire a 
slightly nodose appearance. Aperture narrow, rather suddenly constricted in advance. Canal moderate in length; 
inner and outer lips equally dentate; outer lip very much thickened by a prominent rib, margin acute; sinus deep, 
narrow, and near the suture. Length 1.35 inch, width .5 inclh. 

CORDIERA. Rouault. 
C. magnifica. Gabb, n.s. 
Shell large, elongate, fusiform; spire a little longer than the mouth, turriculated; whorls thirteen, straight on 

the sides, concave and sloping above; body whorl slender, sides silnuous, angulated above. Surface ornamented by 
moderately large revolving ribs, somewhat alternate in size; these are smaller above the angle, while below it they 
are broken or crossed by iindulations following the direction of the lines of growtb, so as to present a distinctly 
cancellated appearance. Suture bordered by a small rib. Aperture long and narrow, narrowed but not constricted 
in advance. Inner lip lnot thickened, bearing four mitraform folds; outer lip simple, broadly convex in the middle, 
retreating above; sinus broad, shallow, placed above the angle; canal twisted. Length 2.9 inches, width .6 inch. 

Very rare. The sculpture and general form of this species approaclh T. consors, 
Sby., but it is a larger, thinner and more g,raceful shell, the cancellation of the sur- 
face is more marked than I have ever observed in a series of over 150 specimens of 
that species and tne folds oIl the columella show that the resemblance is only one of 
imitation and not of relationship. 

C. varicosa. Sby. sp. 

This shell has the characteristic notch of the family distinlctly developed, 
coincident with the angle of the whorl. 

BORSONIA. Bellardi. 

A genus established for a shell from the Miocenle of Turin, is represented in oUr 
collection by a beautifal little shell with the characteristic fold on the middle of the 
columella. 

B. recurvirostris. Gabb, n. s. 
Shell small, fusiform ; spire turriculated, as long, or a trifle longer than the mouth; whorls nine, two nuclear, the 

others angulated, excavated above, suture bordered by a rib. Surface ornamented by a series of tubercles on the 
angle (about a dozen to the body whorl); below this there are large revolving ribs. Inner lip with a single large 
nearly transverse fold; outer lip simple; sinus broad, oblique and close to the suture; canal produced, strongly re- 
curved. Lenigth about .4 inch, width about .15 inch. 
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OF SANTO DOMINGO. 211 
MANGELIA. Leach. 

I. heptagona. Gabb, n. s. 

Shell elongate, spire elevated, about three-fourths as long as the mouth; wlhorls eight, nuclear. Body whorl 
rounded above the middle, sloping up to the suture and tapering nearly straight in advance. Surface marked by 
seven angular ribs with shallowly concave interspaces; the whole crossed by minute, impressed lines. Mouth linear, 
canal straight, outer lip thick, straight, acute on the margin; sinus very small. Length .6 inch, width .25 inch. 

The largest of the four species, and easily recognized by its seven prominelnt ribs. 

M. p o I y g o n a. Gabb, n. s. 
Shell a little smaller, but nearly of the same shape as the preceding, slightly more slender; surface marked by 

about seventeen slightly sinuous, longitudinal ribs, with shallow, concave interspaces, crossed by numerous small 
closely placed, revolving ribs. Aperture narrow; sinus small with a small internal tubercle in advance. 

Distinguished from M. heptagona by the nu-lmerous ribs and by the revolving 
sculpture. 

M. elevata. Gabb, n. s. 
Shell minute, sub-fusiform; spire elevated, a little longer than the mouth; whorls seven, flattened on the sides, 

sub-truncated above; body whorl tapering sinuously in advance. Surface marled by about nine or ten large longi- 
tudinal ribs with deeply concave interspaces and crossed by fine, thread-like revolving, elevated stris. Aperture large, 
canal broad; sinus deep, rounded, obliquely placed. Length .25 inch, width .1 inch. 

Recognizable by ifs size, not half as long as the two preceding; by its nearly equal 
spire and moutth, and by the heavy longitudinal ribs. 

M. elongata. Gabb, n. s. 
Shell small, very slender, spire twice as long as the mouth; whorls eight, nearly flat on the sides; body -whorl 

broadly convex, slightly narrowed in front. Surface marked by six large longitudinal ribs with broad shallow inter- 
spaces. Mouth narrow, canal short sinus deep, narrow, oblique. 

Size about the same as that of1 M. elevata, but distinguished from it by the much 
higher spire and the smaller number of ribs. 

All of these species, except M. polygona are very rare, and even that species can- 
not be called common as compared with many of the other shells in the fornriation. 

TRITONIUM. Link. 

T. (Lampusia) line at u m. Brod. Proc. Zool. Soc. 1833, p. 6; not T. lineatum, Sby. Proe. Zctol. Soc. 1833, p. 72. 

The Santo Domingo fossils differ only from Galapagos specimens in that one of my 
shells has larger varices than I find in the recent ones with which I compared it. The 
two series agree exactly in sculpture, form, size and, in short, all of the details except 
the individuLal difference noted. 

T. (Cymatium) fe ni o r a l e. Linn. sp. 

A few well characterized specimens, the largest about five inches long. 
T. commutatum. Dk. 

MIy shell agrees perfectly in all its detai-ls with specimens of this species in the 
Museum of the Academy, marked from the West Indies. 
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212 ON THIE TOPOGRAPIIY AND GEOLOGY 

T. (Ranularia) D o in i n g e n s e. Gabb, n. s. 
Shell small, spire highl, as long or lolnger than the mouth; apex blunt; wlhorls eight ? (tlhe last niuclear whorls are 

broken in all my specimenis) ; below tlle nucleus there are three whorls which are cancellate, but do Ilot bear recogniiz- 
able varices, mi ile the last tllree wlhorls have large varices. Whlorls convex, the upper ones distinietly bi-angulated, 
and sloping above. Surface marked by four large tubereles on the angle of the whorls, between each pair of vari- 
ces; the whole surface crossed by revolving ribs crossed by more or less strongly marked lines. Aperture oval; 
lips slightly produced; iinner lip rugose; outer lip strongly costate internally; canal moderate. Lenigtll 1 inell. 

Not unlike T. antillarum, d'Orb., but with a muchl hiigher spire and shorter canal. 

DISTORTIA. Bolt. 
D. simillimus. Sby. sp, 
Triton, id. Sby. Quart. Jour. Vol. VI, p. 48. 
Persona, id. Guppy. loc cit. Vol. XXII, p. 288, pl. 17, fig. 13. 

Closely allied to Triton constrictus of the West coast, buit differs in having more 
numerous revolvinig ribs. 

BIJRSA, Bolt, 
B. crassa. Desli. 
Ranella crassay Deslh., Rye, Icon, Conch, sp. 18. 

id. Guppy, Quart. Jour, Geol, Soc. v.22, p. 228, pl, 18, fig. 9, 

PHOS, Montf. 

P. V e r a g u e m s i s. Hds. Am. Nat, MAst, vol. XI, p. 256. 
Id, Hds. Voy. Sulph. p. 37, pl. 10, fig. 13, 14. 
P. Mloorei, Guppy. Quart. Jotr. Geol. Soc., Vol XXII, p. 290, pl. 16, figr. 11. 
P. elegans. Guppy. loc. cit. fig. 13. 

After a careful study of about 130 specimens, I feel forced to differ with both 
Messrs. Moore and Guppy in regard to this shell. That Guppy's two species are 
based oni different ages only of onie I have clear proof; and I can find no char acter on 
which to separate this fiom the shell described by Hinds, anid admirably well figured 
in the report of the voyage of the Suilphur. 

P. Guppyi. Gabb, n. s. 
Shell elolngate, spire high, larger than the aperture; whlorls regularly convex on the sides; ten or eleven in 

number. Surface marked by a few broad longitudinal ribs, prominienlt on the spire, less distinct and occasionally 
obsolete on the body whorl, and crossed by numerouls very small revolving lines; aperture broad, inner lip with btLt 
a single fold in advance; outer lip internally striate. 

P. semicostatus. Gabb, n.s. 
Shell robust, spire longer than the mouth ; whorls nine; suture well marked. Surface ornamented by nutmerous 

large rounded longitudinal ribs on the apical whorls, whiclh suddenly become fewer on the penultimate, and are 
represented by but one, or two at most, on the body volution. These latter are almost as prominent and noticeable 
as the varices of Triton. The whole sur-face is crossed by numerous prominient revolving ribs with usually a distinct 
alternation in size. Besides these and replacing, the large radiating ribs, or ratlher placed between them, are more 
or less distinct longitudinal lines crossing the transverse series. Inner lip thickened posteriorly; oiuter lip internally 
striate. 

P. costatus. Gabb, n. s8 
Shell short, robust, spire lonigei than the mouith wlhorls nine; very convex; suture deep. Surface covered with 
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OF SANTO DOMINGO. 213 

very prominent longitudinal ribs, about nine to a volution, and very uniform in size, with regularly concave inter- 
spaces. These are crossed by small revolving lines, most prominent where they cross the ribs. Aperture broad; 
inner lip heavily encrusted, the margin of the encrustation rising beyond the surface of the whorl as a stout plate; 
internally it is strongly rugose in advance. Outer lip internally striate in advance. 

It would seem rash to attempt to separate shells so nearly allied as the above four 
species, were it niot that I had in all over 1300 specimens. Of these, the first was 
represented by 130, the second by about 50, the third by over 600, and the last by 
over 500. Inl not a single instance did I find a specimen that I could not assign with 
certainty to its proper species, so that I feel well conivinced of the validity of my 
determinations. 

The diagnostic differences between them may be briefly stated as follows: P. 
Veraguensis is evenly scullptured by snmall, uniform lon'gitudinal ribs, and crossed by 
still smaller liDes; P. costatus has very large round ribs of uniform size throughout, 
crossed by very small lines; it is also by far the most robust of the four, and is the 
only one that possesses a rugose columella. P. semi-costatus is not markedly unlike 
P. costa:fus in the upper whorls, except that the cross sculpture is much stronger, in 
which last character it excels all the others; but iin the presence of the few varix-like 
ribs on the body whorls, it is at once distinguishable. And finally, P. Guppyi can 
be recognized at a glance by its very slenider form, the four, large irregular ribs and 
the delicate cross linies. The last is much the prettiest species of the four, and I 
dedicate it to Mr. J. M. Guppy, whose lname occurs on almost every page of the 
present paper. 

NASSARIA. Linik. 

IIINDSIA, H. & A. Ad. 
N. brevis. Gabb, n. s. 
Shell short, broadly fusiform; spire as long as the mouth; whorls eight, the first nuclear, convex; suture deep; 

whorls covered by about nine prominent ribs, extending from the suture, and on the last volution ending below the 
middle. Surface crossed by strong revolving lines with concave interspaces. Aperture broad; inner lip encrusted 
and transverselly rugose, especially in advance; outer lip internially striate; canal short, recurved. Length .8 inch; 
width .5 inch. 

ECTRACHELIZA. Gabb, n. gen. 

Shell acuminately oblong, spire elevated (always truncate in the only species known). Surface compressed near 
the suture; inner lip encrusted, columella sinuous, short, outer lip produced in advance. 

This genus seems to be allied in many of its char acters to Cominella and Trun- 
caria. Like them it is compressed adjoining the stuture. It shows no trace of 
umbilicuLs as is seen in most of the Buccitnidce; but its most distinctive character is in 
its obliquiely sub-truncated columella, which does not ieach the anterior end of the 
shell. It differs from Truncaria in having no fold on the columella, and in the aper- 
ture not being emarginate posteriorly. Whether the truncated apex will be of generic 

A. P. 5.-VOL. XV. 3B. 
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214 ON THE TOPOGRAPHY AND GEOLOGY 

or only of specific value, can only be determinied on studying other species, should 
they be found. 

E. truncata. Gabb, n. s. 
Shell acuminately oblong, spire high, whorls nline or ten at least; apex always truncated, so that usually not 

more than two whorls are preserved; surface of whorls broadly rounded, slightly concave near the suture which is 
linear and distinct. No ornaments except some obscure revolving lines, not always present. Aperture acute behind, 
inner lip sinluous, encrusted, simple; outer lip simple straight, produced in advance; anterior sinus broad, shallow 
and oblique. Length of body whorl of an average specimen 1.15 inch; width .8 inch. 

The trunication of the apex is not an accidental character, but one of at least 
specific value. Very young shells, only one-fourth of an inch long show it in the 
same manner as the adults which, with the spire, would have a length of two inches. 

CYCLOPS. Miontf. 
C. angulatus. Gabb, n. s. 
Shell minute, translucent, discoidal, whorls rounded above and below and having an angle or carina in the mid- 

dle, which becomes obsolete in the adult shell on approaching the aperture. Body whorl enveloping the others above, 
the suture being carried to the apex, but leaving it in the mature shell, so that the top of the shell shows the suture 
as a straight line bent at a right angle in the middle, and running from the apex across the body whorl to the margin. 
Aperture laterally expanded; umbilical callus small and slightly concave. Surface minutely striate by fine revolv- 
ing lines. 

A peculiar shell recognizable by its covered top and carinate body whorl. 

C. depressus. Gabb, n. s. 
Shell very small, discoidal, s'pire flat, whorls rounded, increasing rapidly in size; body whorl enveloping the 

others, the suture rulning in a straight line from the apex. Aperture large, callus small; surface polished. 

It differs fromi the precedinig in the whorls being regularly roundedc, instead of 
carinated, and in their ilncreasing more rapidly in size. The top of the shell also is 
flatter. 

CUMA. Humph. 
C. tecturn. Kiener, sp. 
Pyrutla tecturm. Kiener. 
Buccinum tecturn, Gray. Woods. Ind. Test., Supp. 
Turbinella tectunb, Rve. Icon. Conch. Turbinella, sp. 40. 

This well kiiown Paniama shell is very common in the Dominican beds, and. goes 
through an. astonishinig series of variations. I have it with a r-ounded body, without 
a tubercle, and varying from that to a bioadly angulated and umbilicated form, with 
six immenise tubercles on the angle. Between these, and other extremes, I fortuniately 
possess complete series connecting them without question. 

HARPA. LaIn. 
H. rosea. Lam. 

A single nearly ftll.-grown specimeni of this Affican species, has all of the cllarac- 
ters possessed by recent shells of corresponding size in the Academy's collection. 
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OLIVA. Brug. 
0. c yl i n d ri c a. Sby. Quart. Jour. V. VI, p. 45. 
0. retzculari8, Lam., Guppy. Id. V. XXII, p. 288. 

After a study of nearly 600 specimens I anm decidedly inielined to agree with Mr. 
Guppy in referring this shell to the Lamarckian species. The only groulnd for a 
separation that I can discover is that the fossils are usually heavier than the recent 
specimens and sometimes acquire a greater size. I have them 2.5 inches lonig. 

With these shells are two specimens isolated by their size and differing firom each 
other in such a manner that, were they more numerous, I should be tempted to name 
them. As it is, I dare not risk making useless synonymy. One 4 inches long has 
a comparatively low spire and is decidedly tapqring in advance; the other 3.3 inches 
long, is quite high-spired and unusually slender. They are most probably aberrant 
forms of this species. 

0. oryza. Lam. 

Quite abunldant anid differing in no respect from recelnt specimens. 
0. muticoides. Gabb. n. s. 
Shell elongate-ovate, spire elevated; wlhorls seven; suture deeply channeled; inner lip encrusted with a heavy 

callus and distinctly transversely plaited; four or. five large folds in advance extend over the end of the body whorl. 

About the size of large specimens of 0. mutica, this species is more slender, has 
a higher spire and differs essentially in the inner lip. While that species has a 
peculiar thickening, built up, as it were, on the inside margin of the lip and rmnning 
longitudinally on it, anld has very few folds (or eveni nonie in some cases), this has no 
such thickening, and is almost as strongly plaited as 0. reticularis. 

0. gradata. Gabb, n. s. 
Shell resembling in size and shape 0. ispidula, but witlh a higher spire ; whorls seven; deeply channeled; sur- 

face marked with a sharp offset or break in the continuity of the surface about a tenth of an inch below the chaninel. 
Inner lip but lightly encrusted and marked by a few very prominent transverse folds. 

A very rare shell, but one that can be at once distinguished by the break in its 
surface similar to but stronger than that observed in some species of Ancillaria. 

0. brevispira. Gabb, ii. s. 
Shell elongate-oval, spire very small, body whorl sub-cylindrical, very slightly tapering in advance, convexly 

tapering in its upper one-third or one-fourth towards the suture; suture channeled; aperture rather lheavily en- 
crusted and transversely striate by ninmerous small teeth; anterior folds large. Length one to one and a-fourth 
inches. 

Distinguishable by its comparatively slender form and by the very silall spire. 
0 canaliculata. Gabb, n. s. 
Shell robust, sub-cylindrical, spire moderately elevated, deeply channeled; whorls seven or eight. Aperture 

linear; inner lip heavily encrusted, crossed by numerous fine transverse stria ; internal surface excavated (by absorp- 
tion) so as to produce an angulated ridge. Length .8 inch. 

Nearest to 0. fimbriata from which it can be at once disting,uished by its nlore 
cylindriical form, lower spire and entirely diffierenit apertuPre. 
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261 ON THE TOPOGRAPHY AND GEOLOGY 

PLOCHELL2A. Gabb, n. gen. 

Shell oliva-form, suture faint; aperture linear deeply and obliquely notched at the base; outer lip tlhickened in 
the middle-; inner lip encrusted and bearing several transverse folds of which the upper ones are smallest; columella 
strongly recurved at the base. 

From its form and general appearance I feel inielined to consider this genus to 
belong to the Olivide although its details of character are strikingly like those of 
Dibaphus. It seems to form in a manner a connecting link between the true Olives 
and the genus Monoptygma of Lea (not of H. & A. Adams).* 

I have before me specimens of Dibaphus edentulus and Mauritia Barclayi, the 
typical species of their respective genera. There is no possible room for doubt that 
D. edentulus is, at least sometimes, supplied with mitra-like folds. My specimen has 
seven or eight and well-developed. Consequently Maluritia is synonymous with 
Dibalphus; and it seems to me that the genus should be placed rather with the 
MIiitras than with the Cones. The differences between the present genus and Di- 
baphus are small, and it is possible that the two should be placed side by side, although 
I strongly suspect that the resemblainees are rather those of imiiitation than of true 
relationship. 

P. crassilabrum. Gabb, n. s. 
Shell elongate-oval, slightly tapering in advance in old specimens; spire low, acuminate, whorls eight, suture 

obsolete, its end, at the mouth, bent upwards; body whorl rounded above, nearly straight on the sides. Aperture 
linear, contracted in the middle by the encroaclhment of the outer lip, which is very much thickened in the middle; 
inner lip encrusted, crossed by about eight slightly oblique folds, the most anterior of wlhich are largest; columella 
strongly recurved, sinus deep and oblique. Length about 1 inch. 

On one specimen are faint traces of the color pattern which seems to have been 
snmall, more or less triangular light patches on a darker ground. 

This slhell is unlike eitlher D. edentula or Barclayi in its low spire, its olive-like 
shape, in the end of the columella being bent dir ectly backwards instead of laterally, 
in the folds on the inner lip being arranged in an order the reverse of that of Mitra, 
and in the posterior elongation of the mouth. 

FASCIOLARIA. Lam. 

F. semistriata. Sby. Quart. Jour. Vol. VI, p. 49. 
Id. Guppy, loe cit, Vol. XXII, p. 288, pl. 10, fig. 12. 

Differs fiom both F. tulipa and F. distans in being, intermediate between them in 
color pattern. It seems nearest to F. tulipa in shape, but is more slender and has a 

* See Lea, Contributions to Geology. The gelnus ifonoptygma is described and figured by Mr. Lea as an olive 
with a very large single fold on the middle of the columella. The autlhor adds tlhat he has received a little shell from 
the East Indies which he considers shotuld be added to the geiuus. Authors of recent conchology have all assumed this 
little shell as the type of the genus, ignoring alike the generic description and the excellent figures of the typical 
species. H. & A. Adams have monographed the recent shells of this uninamiied geiius in the Proc. Zool. Society, 
referring them incorrectly to Monoptygma of Lea. 
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OF SANTO DOMINGO. 217 

much longer canal. At the same time it differs in beinig more grooved near the 
suture, making a distinct shoulder whorl. It is not impossible that all of these forms, 
together with F. rhomboidea, Rogers, of the North Carolina Miocene, should all be in- 
cluded under the Linnaean name of tulipa. 

F. intermedia. Sby. Quart. Jour. 1849,p. 49. 

Very close to the young stage of F. gigantea, which it resembles much more 
closely than F. papillosa. The papillary apex is simply the single nuclear whorl, 
which is rather larger than usual. 

LATIRUS. Montf. 

L. infundibulum. Gmel. Lam. A. S. V. (Desh. Ed.) Vol. IX, p. 386. 
Id. Rve. Icon. Sp. 3. 
Id. Guppy. Quart Jour. Vol. XXII, p. 288. 

L. elongatus. Gabb, n. s. 
Shell very elongate, slender-fusiform, spire high, many whorled ; whorls rounded in the sides; suture distilnct. 

Surface marked by a series of broad, rounded, longitudinal ribs, about nine to a volution, crossed by simple revolving 
lines, larger on the canal thail onl the body of the last whorl; canal very long, straight; inner lip with four or five 
small, slightly oblique folds. Length about three inches. 

Easily distinguishable by its very elonigate fusiform shape, and its long, slender 
straight canal. 

L. e xi I i s. Gabb, n. s. 
Small, elongate, slender, spire longer than the aperture and canal; whorls numerous, suture bordered by a rib; 

surface marked by a very few large longitudinal ribs, five or six to a volution. These are crossed by strong revolving 
linies, of which about three appear on the upper whorls. Mouth small, oval, extended ilnto a long slender, slightly 
curved canal; inler lip encrusted, the plate extending so as to make a raised sharp border to the mouth; internally 
marked by two strong transverse folds. Length 1.5 inch. 

Differs firom the preceding by its coarse sculpture, tlhe laterally-bent canal and the 
details of the mouth. 

L. fusiformis. Gabb, n. s. 
Shell small, fusiform, spire a very little shorter than the mouth; whorls nine, subangulated and slightly con- 

cave above; surface marked by about eight or nine longitutdinal ribs crossed by revolving lines. Aperture broad; 
inner lip with three oblique folds; canal long, straight. Length 1.7 inches. 

In sculpture, this is lnearest to L. infundibulurm, but it differs in being more finely 
sculptured, anld being more regularly fusiform, with a long straight canal, and in not 
being umbilicated. From L. elongatus it differs in being more broadly fusiform, shorter 
anld broader, in beinog sub-angulated above, and in the coluimellar plications. 

L. angustatus. Gabb, n. s. 
Shell elongate, slender-fusiform; spire maniy whorled, longer than the aperture; whorls convex, suture well 

marked. Surface marked by a dozen long rounded ribs with regularly concave interspaces and crossed by small re- 
volving lines. Aperture elongate; inner lip with two or three small oblique ribs; canal moderately elongated, 
slighltly twisted. Length 1.4 inches. 

A. P. s.- VOL. TV. 3c. 
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218 ON THE TOPOGRAPHY AND GEOLOGY 

A comparatively small shell, with a rather short canal and distinguishable bv its 
more numerous and nearly straight ribs, and fine cross sculpture. 

TURBINELLA. Lam. 
T. valida. Sby. 
Turbinells validus, Sby., Quart. Jour. Vol. VI., p. 50. 

Differs fiom T. scolymus in its greater number of tubercles. The specimenis 
differ also among themselves somewhat, in the character of the inner lip. In some 
cases it is hardly encrusted, while in others it is covered with an enormous plate with 
a free edge. 

T. ovoid e a. Kiener. Icon. Coq. viv. p. 7, pl. 17, fig. 7. 

Not rare. It is reported from the coast of Brazil, and I am not aware that it 
occurs now in the West Indies. 

VASUM. Bolt. 
V. Haitensis. Sby., sp. 
Turbinellus Iaiten8ss. Sby. Quart. Jour. Vol. VI., p. 50. 

Closely allied to T. muricata, from whiclh it differs in one constant character. In 
that species the suture is considerably below the angle of the preceding whorl; in this, 
the suture always follows the extreme outer angle. 

V. tuberculatum. Gabb, n. s. 
Shell large, ponderous, broad; spire elevated, half as long as the mouth, whorls about eight or nine; broadly 

angulated, concave and sloping above, bearing a few very large tubercles onl the angle; body whorl tapering rapidly 
below the angle and strongly ridged in advance. Surface covered with a few revolving lines. Aperture broad bellind, 
narrowed in advance and expanded at the termination of the anterior ridge. Inner lip with four or five large folds. 
Length 4 inclhes, width 3 inchles. 

Allied to T. caestus, but differs in having but six very large tubercles on-the angle 
inlstead of maniy, as in that species. 

V. Domiinicensis. Gabb, n. s. 
Shell small, very robust; spire about as long as the mouth in old shells, not so long in the younger stages, whorls 

10, concave above, angulated; body whorl convex in the middle, concave in advance and broadly umbilicated: 
surfaces marked by about 7 larger slightly oblique longitudinal ribs, more or less tuberculate on the angle and crossed by 
numerous revolving ribs, the whole rendered more or less squamose by lines of growth; there is a larger revolving 
rib or row of tubercles in advance. Aperture elongate-oval; inner lip covered with a heavy plate, with four trans- 
verse folds. Lenigth 2.5 inches, width 1.5 inch. 

The high spire and small size of this shell render it entirely unlike any other 
with which I am acquainted in the genus. 

LAGENA. Schum.* 
L. r homboide a. Gabb, n. s. 
* I have elsewhere expressed my disapproval of the use of names of such authors as Klein, who were only by accident binomial; who only used a 

single word for a specific name occasionally. and whose names are not seldom a whole phrase or even a sentence. H. and A. Adams use for this genus 
Leucozonia of Gray since Klein had used Lagena elsewhere. But if we follow Gray and Adams in adopting Klein's names, we mu3t, with the latter 
also use those of Aldrovandus; and since he quotes Aristotle, to be consistent we must imitate him. Malacology is sadly in need of an index expur- 
gatorius and I am by no means sure that it ouight not to contain with these polynomial authors, the anonymous writers of Museum Colonnianum, 
Museum Boltenianum, et id omne genus. Since, however, through the endeavors of Swainson, Gray, Morch and Hermannsen, we now have the 
names of Humphrey, Bolten and Link (who were binomial though defective) applied to definitely recognized genera, and since conchologists are very 
generally agreed on their use, they may be retained: but no good argument has yet been adduced to support the use of names, derived from those 
authors who Were habitually polynomial. 
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OF SANTO DOMINGO. 219 
Shell short, broadly fusiform; spire and mouth equal; whorls seven, the first nuclear, the other regularly sloping 

above, obsoletely nodose on the angle and tapering in advance. Surface marked by fine revolving striae. Aperture 
broad, contracted in advance ; colamefla bent in the middle, carrying three folds, slightly twisted in advance. 

SCAPHA. Gray. 
S. striata. Gabb, n. s. 
Two very young shells, evidently of this genus, occur in the collection, and I 

venture to name them despite their immature condition. Although the largest is 
barely over ani inch long, they have both lost their nuclei and have the usual promi- 
nent but blunt apices. The larger is elongate, rather slender, the shoulder bears a 
series of short laterally compressed nodes which form a coronated angle. The 
suture is well marked and the whole surface is crossed by fine revolving strise. 
Below the aogle, the sides are nearly straight anid narrow siniuously in advance. 
Columella with the two prominent oblique folds. 

I have compared these evidently immature shells with all the known species and 
cannot identify them as belonging to any one of them. 

LYRIA. Gray. 
L. pulchella. Sby. sp. 
Voluta pulchelta. Sby. Quart. Jour., Vol. VI., p. 46, pl. 9, fig. 4. 
? V. 8oror. Sby. loc. cit., p. 46. 
I have both the varieties of the species mentioned under the first of the above- 

quoted descr-iptiolns, and by an examination of about 200 specimens, which show 
great variations in the number, size and characters of the ribs and in the height of 
the spire, I am strongly inclined to suspect that V. soror is onlly another of these 
variable forms. Among 7 shells I have one variety almost undistinguishable from 
L. Delessertiana. The strongest difference is that some of the specimenis of that 
species are more slender than our shell. 

MITRA. Lam. 
M. Henekeni. Sby., Quart. Jour. Vol. III., p. 46, pl.9, fig. 0. 
Id. Guppy. Loc; cit., Vol. XXIII., p. 288. 
Distinguished by its slightly conivex sides and by the smiall number of columellar 

folds; but more especially by the shallow channels, or, more strictly speaking, by the 
truncation of the upper margin of the whorl, adjoining the suture. 

M. longa. Gabb, n. s. 
Slhell very attenuate, spire as long, and in old specimens much longer than the mouth; whorls about twelve, 

nearly flat on the sides; body whorl very broadly convex in the middle; suture distinct; surface marked by large 
and acute revolvitng ribs, with occasionally smaller ones interposed. In the interspaces, fine longitudinal and revolv- 
ing lines form a distinct cancellation. Aperture long, slender, narrowing very little in advance. Inner lip with four 
distinct and one or two faint folds. 

Distinguished from the preceding by its very slender form and the greater number 
of columellar plaits. 
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220 ON THE TOPOGRAPHY AND GEOLOGY 

M. r u d i s. Gabb, n. s. 
Shell short, broad robust, sides curved; spire about equal to the mouith; upper whorls nearly flat on the side; 

suture bordered by a slightly thickened margin i surface marked by a few large rounded revolving lines crossed by 
irregular lines of growth, so as to produce a semi-cancellate appearance. Aperture broad, not contracted in advaince; 
inner lip with four folds of whlich the most posterior is very prominent and the anterior is very indistinct; outer lip 
serrate, the notches corresponding to the superficial ribs. Length 1.4 inch, width .6 ineh. 

The short, thick form and rudely cancellate surface sufficiently distinguish this 
rare shell. 

tI. titan. Gabb, n. s. 
Shell very large, elongate spire a little shorter than the aperture; whorls about ten or eleven (apex broken), 

silghtly convex on tlhe sides, suture linear or bordered by a very faint thickeninig of the margin of the succeeding 
whorl. Surfaee nearly smooth, marked only by a few faint revolving impressed lines in the adult. In the young 
shell these are more marked, and are broken by the traces of the lines of growth which are hardly perceptible 
except in the depressions. Anteriorly there are sometimes traces of indistinct revolvingf ribs. Aperture long and 
narrow, slightly narrowed in advance; eolumella encrusted, especially in front, where it is gently twisted, carrying 
one very faint and four distinct folds. Outer lip thick and rounded on the margin, not striate. Length 6 inclhes, 
width 1.75 inch. 

This shell, which iivals M1i. episcopalUs in size, resembles in its younger stages 

M. Isabella in form, but can be distinoguished by its smooth surface, which also 
separates it from all the other fossil Mitras of Sanito Dominigo. 

Not -unlike M. scrobiculata, Broce., of the N. Italialn miocelie, but proportionately 
more convex, with a larger body whorl and with the columellar folds more transveirse. 

M. symmetrica. Gabb, n. s. 
Shell slender fusiform; spire and mouth about equal; whorls ten, sliglhtly convex on the sides, suture, distinct. 

Surface marked by numerous, closely placed, flattened revolving ribs, the interspaces crossed by prominent lines of 
growth which do not appear on the tops of the ribs. Aperture moderate, niarrowed slightly in front. Columella 
with four well marked plaits. 

From M. Henekeni and M. longa this can be readily distinlguished by its flat ribs; 
from the first by its more numerous Qolumellar folds and from the second by its more 
rounded form. It is not impossible, however, that it may prove to be the young of M. 
titan, from which it differs in having a straight canal, and in its ribs; two characters 
which are not always unalterable as shells grow older. 

M.tortuosa. Gabb,n.s. 
Shell elongate, sub-turretted; spire about as long as the aperture; whorls flat on the sides, convexly truncated 

adjoining the sutuLre; body whiorl narrowed in front and produced into a tortuous canal. Surface marked by about a 
dozen longitudinal ribs, acute on their suimmits and with concave interspaces. These ribs begin at the suture, and 
on the body whorl cover all of its convex portion. Between these are revolving impressed lines of variable 
intensity, which niever cross the summnits of the ribs. Beyond the termination of the longitudinal ribs, and espe- 
cially on the canal, these lines are stronger. Aperture long and narrow, contracted into the canal in advance ; colu- 
mella twisted, bearing four prominent folds. Outer lip faintly notched inear the suture. Length 1.3 inch, width 
45 inch. 

This species belongs to the group of Costellaria, Sw., but the contraction into an 
aniterior canal is more marked than in any other species knownl to me. It is nearest 
in style to M. semnfasciata, Lam. 
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OF SANTO DOMINGO. 22 

MARGINELLA. Lam. 

M. coniformis. Sby., Quart. Jour., Vol. VI., p. 45. 
Id. Guppy, loc. cit. Vol. XXII., p. 288, pl. 17, fig. 2. 

A very variable species which I have failed to divide after a careful study of its 
modifications. It is sometimes broad, sometimes slender; the spire is sometimes ele- 
vated, sometimes depressed, and some of the mature shells are twice as large as 
others. Still, the gradations between all of these variations are so numerous and so 
complete that I am forced to consider them all one species. 

M. (Glabella) S o w e r b y i. Gabb, n. s. 
Shell volutiform, spire high, whorls five; body whorl regularly tapering in advance. Aperture linear, inner 

lip with four folds, the last one terminial and all slightly grooved on the summits; outer lip with numerous sinall 
teeth, one or two at tlle posterior end, larger than the others. Length .6 inch, width .45 inch. 

Easily recognized by its high spire and by the sulcate columellar folds. 
M. chrysomelina. Redf. Am. N. Y. Lyc., N. Hist., Vol. IV, p. 492, pl. 17, fig. 2. 
M. pudica. Gaskoin, Proc. Zol. Soc., 1849, p. 18. 

Rare-Living in the West Indies. 

STROMBINA. Morch. 
S. gradate. Guppy. 
Cotumbella id. Guppy, Quiart. Jour., Vol. XXII., p. 288, pl. 16, fig. 10. 

In a note Mr. Guppy refers this species to Strombina alnd suggests relationship 
with Pleurotoma. The shell is characterized by two or three prominent tubercles of 
variable size on the upper part of the body whorl, which give it a triangular fornim. These 
are variable; sometimes very prominent, in other cases almost wanting. 

S. a7nbigua. Guppy, loc. cit., p. 288, pl. 16, fig. 8. 
Has not beeni found in Santo Domingo. 
S. inflata. Gabb, n. s. 
Shell elongate, spire elevated, whorls eight, convex on the sides and truncated adjoininig the suture. Surface of 

the body whorl transversely striate in advance. Aperture narrowed in advance, canal somewhat recurved ; inner lip 
encrusted and transversely striate ; outer lip but slightly thickened and interiorly striate, but not denticulated. 

In size and general appearance, this shell is not unlike S. gradata, but it differs 
from that species in its much broader body whorl, shorter spire, in the absence of all 
ornament except a few revolving strive in advance and in the otuter lip being slightly 
thickened and striate internally instead of being denticulated. 

S. Haitensis. Sby., sp. 
Ctolumbella Haitensis. Sby., Quart. Jour., Vol. VI., p. 46. 

S. Carib ea. Gabb, n. s. 
Shell small, robust, spire high, whorlsninie, mninutely truncated on the upper margin; body whorl marked by a 

few revolving strie in advanice and with a thickening opposite the lip, making a sub-elliptical cross-section. Aper- 
ture broad ; outer lip very tlhick, with a few teeth internally, the internal notch remote from the posterior angle. 
Inner lip encrusted and witlh four or five minute teeth. Canal very short and recurved. 

A. I'. S..-1vo1. XV. 3D. 
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About the size of S. Haitensis, and not unlike it in general form, but differs in 
entire absence of longitudinal ribs and in the presence of the ranella-like flattening. 

S. exilis. Gabb.n.s. 
Shell minute, slender, spire a little longer than the mouth; whorls seven; marked by small longitudinal ribs; 

anterior end of body whorl crossed by a few revolving lines. Inner lip encrusted; outer lip slightly tlhickened, with 
the characteristic internal notch, and with three or four teeth in advance. Length .15 inch. 

In size and form this is not unlike the immature shells of S. Haitensis, but a dozen 
or twenty specimens prove it to be mature, indepenldent of the perfect mouth. It also 
wants the thickened suture margin of that species. 

I have two fragmentary specimens, inidicating a fourth species larger than S. Hai- 
tensis, more regularly gibbous and with stronig longitudinal ribs. Unfortunately, 
in both cases the anterior half of the body whorl is broken away. 

CASSIS. Lanr. 
C. sulcifera. Sby., Quart. Jour., Vol. VI., p. 47, pl. 10, fig. 1. 
Id. Guppy, loc. cit., Vol. XXII., p. 286. 

Sowerby's specimen, as figured, is an unusually round one. The inner lip is gen- 
erally expanided far beyonld the body whorl, so as to make the under face a rude right- 
anlgled triangle. In old specimens there are three rows of tubercles, and the middle 
one of the upper row is generally very prominent. 

CASSIDEA. Brug. 
C. granulosa. Brug, Enc. Meth. Vol. I., p. 421. 
Buecinum ceassideurn tesselatum, Chemn. Conch. Cab., p. 76. 
B. inflaturn, Shaw. Nat. Misc., Vol. XXII., pl. 959. 
Ca.ssis monilifera, Guppy. Quart. Jour., Vol. XXII, p. 287, pl. 17, fig. 8. 

Reeve says that Shaw's niame antedates that of Brugiere ten years; but by a 
reference to the original authors, it is certain that it should bear a later date than 
1795 (that of both Conch. Cab. and Enc, Meth.), since Shaw nlot only refers to the 
figure of Chemnitz, but his illustration is evidenitly from Conchylien Cabiniet, very 
badly made and sinistral. 

CYPRJCASSIS. Stuch. 
C. testiculus. Linn. 

Not common; half a dozen specimens found. 

CASSIDARIA. Lam. 
C. I a e v i g a t a . Sby., Quart. Jour., Vol. .VI., p. 47, pl. 10, fig. 2. 
C. sublaevigata, Guppy, loc. cit., Vol. XXII., p. 287, pl. 17, fig. 10. 

A stuidy of 160 specimens proves that Mr. GLuppy's separation of his species is 
not based on sufficient grounds. The spire varies more than the difference between 
the two figures, the striation is a pretty constant, juvenile clharacter occasionally 
retainied on aduilt shells, and I have lcevigata much larger than Guippy's specimen. 
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OF SANTO DOMINGO. 223 

This is not the same species as described by Conrad, from Vicksburg, altholugh 
(PIoc. Phil. Acad., 1852, p. 199,) he states that he considers them identical. 

MORUM. Bolt. 
M. Domigensis. Sby., sp. 
Oniscia Domigensia. Sby., Quart. Jour., Vol. VI., p. 47, pl. 10, fig. 3. 

Very different from Oniscia harpula, Con., from the Vicksburg Eocene, although 
Mr. Conrad has asserted their indentity. 

MALEA. Val. 
M. ringens. Swains. 
Cassis ringens. Sw., Bligh. Cet. 
Malea. Id., H. and H. Ad., Gen. Rec. Moll. 
Dolium. Id., Rve. Icoii., sp. 5. 
Mlalea latilabris. Val. 
M. camura, Guppy. Quart. Jour., Geol. Soc. Vol. XXII, p. 287, pl. 17, fig. 9. 

Both the typical form and Valenciennes variety occur fossil in Santo Domiingo. 

FICUS. Bolt. 
F. papyratia. Say. 
Pyrutla papyratia, Say. Jour. Phil. Acad., 1 ser., Vol. II., p. 228. 
oSycotypus papyracea, Stimpson, Sw. Check List. 
Id. H. and A. Ad., Gen. Rec. Moll. 

A single good and one poor specimen found. 
F. M ississippie nsis. Con., Jour. Phil. Acad., 2ser., Vol. I., p. 117. 
Ficula Cctrbasea, Guppy. Quart. Jour., Vol. XVII., p. 530, pl. 26, fig. 7. 

I have compared Mr. Guppy's shell with Mr. Conrad's original specimens from 
'Vicksburg, Mississippi, and find them indentical in form and sculpture. I am by no 
means sure that this should not be considered the same as F. decussatus (F. Ven- 
tricosus) the common west coast Mexican form. 

NAT [CA. Liin. 
N. canrena. Linn. Mus.. p. 674. 

A common West Indian shell. The callus in the umbilicus seems smaller in the 
recent specimens, but not sufficiently different to warrant a separation. 

N. sulcata. Born., Mus. Ces., pl. 17, fig. 5, 6. 
Id., Guppy. Quart. Jour. Vol. XXII., p. 290, pl. 18, fig. 14, 15. 

I have both shell and operculum of this and the precedinig species, besides a 
third species of operculum about which I am in doubt. 

MAMMILLA. Schum. 

M. m a mn i ll a r i s. Lam. sp.; Natica id., Lam., A. S. V., Vol. VIII., p. 628. 
Id., Guppy. Quart. Jour., Vol. XXII., p. 291. 
N. subelausa, Sby. Quart. Jour., Vol. VI., p. 51. 

I canlnot find sufficienit grounds for separation of subolausa from the Lamaickian 
species. 
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224 ON THE TOPOGRAPHY AND GEOLOGY 

AMAURA. Moller. 
A. G u p p y i. Gabb, n. s. 
Ncatica phasianelloides, Guppy, (not d'Orb.) Quart. Jour., Vol. XXII., p. 219, pl. 47, fig. 1. 

Shell subglobular, spire high, two thirds as long as the moutlh; whorls rounded, neither flattened nor chanineled 

liear the suture. Aperture broad, regularly rounded in advance ; inner lip thinly encrusted, thickened and bordered 
by a carina in advance of the uinbilical region. This carina forms a flattened margin to the moutlh and unites in 

advance with tlle outer lip. 

Guppy's figure is a little smaller than the average of the. full grown Dominican 
specimens, but the shell never attains a quarter of the size of the Cuban shell. It is 
quite commoln in Santo Domingo. 

SCALARIA. Lam. 
S. denticulata. Sby. 

One or two imperfect specimens of this species were found. 

S. minutissima. Gabb,n.s. 
Shell elongate, slender, spire high; whorls nine, convex, suture deep; surface marked by prominent plates, 

about twelve to a volution, denticulated on the upper angle. Between these plates are minute revolving lines. 

Aperture subcircular with a continuous tllickelied lip. Lengtlh .2 inch. 

This species differs from S. uncinaticosta, d'Oib., La Sagra's Hist. of Cuba, pl. 11, 
fig. 25, 27, in having a more slender form and in the interspaces between the ribs 
being marked by smaller and more numerous revolving lines. 

S. ampla. Gabb, n. s. 
Shell short, broad, robust; spire a little higher than the body whorl; whorls about seven (apex broken), very 

convex, and having about ten larger, robust sub-squamose plates, angulated, or sub-denticulated above; body whorl 
with a few faint impressed lines and a ridge at the lower angle. Mouth circular, bordered by a heavy lip. Length 

.6 inch, width .45 inch. 

Characterized by its short, very broad form alnd by the varices which are built up 
of numerous layers and are so thick that they unite at the base. I found but a 
single specimen weathered out of the brown shale east of Guayubin. It is of the 
same type as S. expansa Con., of the Maryland Miocene, but is hardly a third as 
loing as that species. 

TEREBRA. Brug. 

T. r o b u s t a. Hds. Proc. Zool. Soc., 1843, p. 149. 
Id. Rve. Icon. sp. 10. 

T. sulcifera, Sby., Quart. Jour., Vol. VI., p. 47. 

I can find no difference, on a critical comparison, between the fossils and lrecent 
Panama specimens. 

T. i n &- q u a l i s. Sby., Quart. Jour., Vol. VI., p. 47. 
Id. Guppy, loc. cit., Vol. XXII., p. 290. 

Very simnilar to the preceding in its young state, this shell continues slender at all 
ages and retains its sculpture, wlhile T. robusta widelns more rapidly as its grows 
older, and the sculpture becomes obsolete. 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



OF SANTO DOMINGO. 295 

T. b i p a r t i t a. Sby., Quart. Jour., Vol. VI., p. 47. 

Distinguished by the usutally finer sculpture and by the single imnpressed linie. 
T. dislocata. Say., sp. 
Ceritiurn, Id. Say., Jour. Phil. Acad., 1 ser., Vol. IT., p. 236. 

Terebra, Id. Rve., ICOD., Sp. 32. 
T. Petitii. Kiener. 

A common shell and agrees perfectly witlh specimelns fiom the coast of Georgia 
and South Carolinia. 

In addition to the typical form, I ,have another differing from it in being very 
much more alternate. In sculpture and other details, apart fiom tlhis, it agrees 
perfectly. 

OBELISCUS. Humph. 
0. canaliculattus. Gabb, ri. s. 
Shell elongate, slender, mainy whorled, umbilicated; spire high, whorls flat on the sides, truncated on the upper 

margin adjoining the suture, so as to produce a deep revolving channel; at the lower angle of the whorl there is some- 

times a corresponding channel, at other times a mere anogle, and in still otler eases only a rounded surface. Wlen this 

channel is present, it always, in the upper wlhorls, assists in forming the revolving groove. Under surface of body 

whorl convex with a rib surrounding a minute umbilicus; aperture broad, columella straight, with one transverse 
fold above and two, more oblique, below; the anterior of these two, borders the initernial channel. Outer lip with two 
or three transverse internal plates. Length .5 inclh, widtlh .15 inch. 

RINGICULA. Desh. 

R. s e mi stri ata? d'Orb., LaSagyra, pl. 21, fig. 17, 19. 

I refer my little shell to d'Orbigny's species, altlhough it seems more elevated thbin 
his figures. It has all of the details of the other clharacters, as well as I can make 
them out in so minute an object. 

TURBONILLA. Risso. 

I cannot uniderstand why Herrmaninsen and others place the large cretaceous COhen- 
nitzias as congenieric with the little polished delicate forms for which Risso proposed 
the above generic name. 

T. Dominicensis. Gabb,n. s. 
Shell minute, subulate, whorls nlumerous, flat on the sides; apex small, placed vertically; surface crossed by 

numerous finie longitudinal ribs and very minute revolvincg lines. Inrner lip twisted, but without a distiniet fold. 

Length .28 inch. 

Distinguished from the others by its broader form arid by the revolving sculpture. 
Nearest to " Cliemnitzict " ornata d'Orb., but more slender. 

T. aulgusta. Gabb, n. s. 

Shell smiiall; spire many whorled, whorls flat on the sides; surface ornamiiented by longitudinal ribs whiclh do 

not runl over thle base of the body whorl. Apertture rounded in front, ininer lip simple, straight. 

About the same size as the precedilng, but mnore slender and withlout any trace of 
the revolvingo, linies. It differs also in the mouth. 

A. P. 53.-VrO . XV. 3E. 

This content downloaded from 
������������13.59.76.142 on Fri, 19 Apr 2024 19:05:43 +00:00������������ 

All use subject to https://about.jstor.org/terms



226 ON THE TOPOGRAPHY AND GEOLOGY 

T. pertenuis. Gabb, n. s. 
Shell small, very slender, polished, whorls numerous, nucleus large, vertical; surface of wborls flattened on the 

sides anld with comparatively large ribs; base simple; aperture small sub-quadrate. 

Distinguished from both the preceding by its very slender form and more promi- 
nent ribs. 

T. turritelloides. Gabb, n. s. 
Shell minute, slender, elongate, whorls about 14, the first placed vertically, the others regular, flat on the sides 

and truncated above; suture bordered by the top of the succeedinog whorl; base of body wlhorl sub-angulated on the 
margin and rounded below; aperture quadrate. Surface polislhed and marked by microscopic revolving lines. 

Length .35 iich. 

This shell can be distinguished by its form which is exactly like that of a minute 
Turritella. The sides of each volution are parallel, the top is truncated, and only 
three or four of the primary whorls show any convexity. 

AURICULINA. Gray. 
A. alta. Gabb,n.s. 
Shell sle0der, spire elevated, about three times as high as the mouth; whorls six elongate, conlvex on the sides, 

ciirving in abruptly to the suture; surface plain; aperture sub-elliptical, lips simple. Lelngth .I inch. 

A little shell ulnlike any other in the formation. It can be at olnce recoglnized by 
its few semi-flattened whorls and elongate aperture. 

ACLIS. Loven. 
A. polita. Gabb, n. s. 
Shell minute, polished, subulate.; whorls sevell, flattened on the sides; suture channeled, sides of spire coni- 

vex; base of body whorl elongate-convex, aperture small, acute behind, rounided in advance; lips simple; surface 
without ornament. Lenigth .1 inch. 

In its polished surface and channeled suture, this shell is not unlike Obeliscus 
canaliculatus, but its sholt form, convex sides and simple roulnded mouth will distin- 
guish it at a glanice. 

MENESTHO. Moller. 
Pyramnis, Couth., not Sclhum. Bolt., et at. 
Aonoptygma, H. and A. Ad., Sby., et al. not I. Lea. 
Afonotygma, Gray. 

See note under Plochela, with reference to the curiotus misapprehension under 
which most of the English auithors have labored with reference to the true meanling 
of Mr. Lea's genus. 

If we restrict the name 3elnestho to these species without a columellar fold, as is 
done by H. anld A. Adams, then the Monoptygma Ad., &c. (not Lea), is without a 
name. The present species has a fold, and I agree with the Adamns' in making at 
nmost but a sub-generic separation. 

M. clathrata. Gabb, n. s. 
Shell minute, elongate, spire high, whorls eight; the first two polished, the other six marked by regular longi- 

tudinal and revolving elevated lines, sides of the whorls rounded, suture strongly marked. Aperture elongate ova], 
sub.acute behind; colnimellar fold strongly marked. 
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OF SANTO DOMINGO. 227 

The species is most 'like AL. spirata, but is not more than a third of its leugth, is 
less tapering,, and is at once distinguishable by its strongly clathrate sculpture. 

EULIMA. Risso. 
E. acicularis. Gabb, n, s. 
Shell elongate, slender, sides straight, surface polished, whorls numerous, elongate; last whorl produced in ad- 

vance, mouth long narrow, acute behiind. Lelngth .6 inch. 

Distinguished by its very elongate form. Not unlike E. btfasciata, d'Orbiony, 
but larger and more slender. 

E. robust-a. Gabb, n. s. 
Shell minute, elongate, widening much more rapidly than the preceding; sides straight, whorls numerous, short; 

suture very transverse; base of body whorl moderately produced; aperture small. Length .15 inch. 

From the preceding, this can be distinguished by its much smaller size, its 
transverse suture and short mouth. From E subearincata, d'Orb., it differs in being 
more slender and in being less angulated at the base. 

E. crassilabris. Gabb, n. s. 
Shell short, robust, spire elevated, iiearly three times as long as the mouth, whorls numerous, surface polished, 

base of body whorl elongated; mouth long, acute behind, produced in advance, outer lip thickened and very promi- 
nent at its anterior lateral margin. Length about .1 inch. 

NISO. Risso. 
N. grandis. Gabb, n. s. 
Shell large, subulate; whorls numerous, short; surface gently convex, polished; suture well marked ; body whorl 

rounded on the basal margin, base sloping, gently convex; umbilicus moderate, bordered by carina on the inner face 
of the angle. Aperture small, acute behind, rounded in advance. 

A single fragment showing the last fine whorls is .8 inch in length, with the body 
whorl .5 inch wide. Its unusually short volutions will serve to distinguish it from 
any other knowni species. 

N. minuta. Gabb, n. s. 
Shell minute, broad, spire elevated, whorls numerous, apical angle wide, sides straight, surface polished; base of 

body whorl sub-angulated, lower surface slightly convex; umbilicus moderate, bordered by an angle. Aperture 
broad, sub-angulated in advance. Length .07 inch. 

It is possible that this may be a young shell, but its specific characters are so 
marked it cannot well be mistakeil. 

IOPSIS. Gabb, n. gen. 

Shell Eulimoid, polished, spire elevated, sutures obsolete, apex dextral, non-umbilicated columella twisted and 
produced into a short, lip-like canal. 

This ivory-like stirface, obsolete suture and whole general appearance of this shell 
prove its close relationiship to Eulima ; while its faintly twisted columella, extended 
to such degree as to prodtuce a short, (though not notched ca-nal), distinguishes it from 
the other genera- of the family. Named from its resemblance fin form to the fresh 
water genus lo. 
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228 ON TIIE TOPOG(RAPHY AND G-EOLOGY 

I. fusiformis. Gabb, n. s. 
Shell minute, short-fusiform, spire twice as long as the mouth, whorls seven, flattened onl the sides, apical angle 

wide, suture obsolete, surface polished ; body whorl sub-angulated below, slightly convex and produccd in advance. 
Aperture sub-angulated, lips simple, columella slightly twisted, anterior end produced so as to form a small but well 
marked lip-like canal. Length .08 inceh, width .04 iiich. 

ARCHITECTONICA. Bolt. 
A. quadriseriata. Sby., sp. 
Solarium, id. Sby., Quart. Jour., Vol. VI, p. 81, pl. 10, fig. 8. 
Id. Guppy, Quart. Jour., Vol. XXII., p. 291. 

Common. 
TORINIA. Gray. 

T. rotun data. Gabb, n. s. 
Shell moderate in size, spire elevated, apical angle rounded; as also the outer margini; base of body whorl convex 

outer margin marked by two large ribs with a smaller onle between; upper surface with four ribs, under surface with 
five or six, of which one forms the umbilical margin anid is strongly creiiate; umbilicus broad, inner face of the whorl 
marked with two large and three linear alternating ribs; the whole surface crossed by strong linies of growth 
breaking the revolving ribs and producing a cancellated appearance. Aperture nearly circular. Diameter .5 inch, 
height .35 inich. 

Rare. In the sculpture of the uppei surface, this is noL very ulnlike the preceding 
species, btut its roulnder form sufficiently distinguish them. 

CONUS. Linn. 

It is with decided reluctance that I have taken tip the enumeration and separation 
of the Cones of Santo Domingo. I am safe in assertinig that I have never undertaken a 
more difficult task, and while I have almost suffered under an embarrassment of riches 
in the great numbers of specimens I have had to study, that same profusioni is 
rather the source of the difficulty than a means of relief. With a few shells, a fictitious 
division can easily be made; but in series of hundreds, nay thousands, where opportunity 
exists for the study of all the varieties, this labor is not so easy. I have based the 
following arrangement on the careful and prolonged examination of over 2,300 good 
specimens, and believe that, in the main, I am more correct than my predecessors 
could have had the means of being. Since I have been obliged in most cases to worki 
in this difflicult genius without the advantage of the color patterns, and therefore to 
depend almost entirely oni form, my liesults cannot have that certainty which accomn- 
paniies the study of recent shells. Still I have had this assistance ill part, and have 
availed myself of it. By comparison of the larger suites at my disposal, I have 
learned that tlle apical angle, within certain limits is, of itself of little value; the 
presenee or absence of spiral striae on the tops of the whorls is not always a safe 
character, buLt the most variable one of all is in the surface striv or grooves on the 
sides, more especially at the anterior end of the shell. In recent specimens, where 
the colors are so marked, this latter character is btut little noted; but in the fossils it 
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OF SANTO DOMINGO. 229 

becomes of the greatest importance to ascertain how far it can be depended oni. I 
find that the character of this spir al ornament, when _present, is of much greater 
valuie than the fact of its actual presence or absence. Again, in many species, espe- 
cially in young specimens, the whole or a part of the surface may be marked by 
raised ridges or simple striae. These may be smooth, or they may bear small 
tubercles. The presence or absence of these tubercles is usually of no importanice 
in specific determination. But raised ridges never widen so as to produce flat ribs; 
that is to say i-ibs proper are never interchangeable with regular impressed grooves. 
In a shell which is sculptured in its young stage and smooth when old, or in a 
variable species, sometimes seculptured- and sometimes plailn, it is an invariable rule 
that the sculpture disappears first firom the part nearest the angle, and almost always 
some trace of it, albeit very faint, -is discernible at the anterior end. In the variably 
sculptured species, there seems to be no connection betweenl the disappearance of the 
strive on the side anid oni the top of the whorl. The latter may be used guardedly; 
but a determination of cones, without the colors must be rather an adjustment of 
averages than a dependence oni fixed specific characters. Of coulse there are some 
ularked forms to which this statement will not apply, but it is tr ue with reference 
to the greater majority of the species. 

C. pyriformis. Rve., Icon. Conch. sp. 70. 
C. solidus, Sby. Quart. Jour., Vol. VI., p. 45. 
U. solidus, Guppy. Quart. Jour., Vol. XXII., p. 287, pl. 16, fio. 1. 
U. solidus, Sby. Conchl. Ill., fig. 76. 
U. recognitus, Guppy. Proc. Sci. Assui. Trinidad, 1867, p. 171. 

A very commoni fossil, found living at Panama. I have compared excellelnt fossil - 
specimens retaining their color pattern with the recenlt shell and find them indentical 
in every r-espect. The shape is variable, the sides of the spire are always moire or 
less concave, but the elevationi of the apex changes greatly as the shell grows older; 
the younig specimenis being usually much more elevated than old onles. The species 
can be distinguished from all of the otlhers by the rounided' angle of the body whor l; 
though in two or three cases a slight angulation could be detected. 

C. c o n s o b r i n u s. Sby., Quart. Jour., Vol. VI., p. 45. 
C. granozonatus, Guppy. Loc. cit., Vol. XXII., p. 287, pl. 16, fig. 5. 

Sowerby notes the variations of this shell. I have young specimens that are 
erossed over the entire surface with beaded linear ribs, and every intermediate stage 
to entirely smooth shells. The species can be recognized by its elevated, coronated 
spire, and the general resemblance of its form to that of 0. cedo-nulli; C. granozo- 
natats, Guppy, is the young costate forin of the species. 

A. P. S.--V(O)I.. T FV. 3P . 
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230 ON TILE TOPOGRAPHY AND GEOLOGY 

C. c ate nat us. Sby., Quart. Jour., Vol. VI., p. 45, pl. 11, fig. 2. 
C. intersti'nctus, Guppy. Loc. cit., Vol. XXII., p. 288, pl. 16, fig. 3. 

Sowerby's description is from a younog shell and Guppy's from an adult. I have 
duplicates of both figures, and a full coninecting series. It is not iinpossible that 
this may also include the form described by me as C. Ploridanus, in the American 
Journal of Conchology, although none of the fossil specimens agree exactly with my 
recent shell. The points of resemblance are-general form and details of surface, 
buLt the only specimen I have seen of C. Floridanus is perfectly straight from the 
angle to the anterior end, while all of the fossils are slightly curved. 

C. stenostoma. Sby., Quart. Jour., Vol. VI., p. 44. 
Id., Guppy. Loc. cit., Vol. XXII., p1. 287, p. 16, fig. 2. 

Approaches C. tornatus, Brod. in form. 
C. O r b i g n y i. Audouin, Mag. de Zool., 1831, p1. 20. 
C. planicostatus, Sby. Conch, Ill., No. 15. 
C. graciltissimus, Guppy. Quart. Jour., Vol. XXII., p. 288, p1. 16, fig. 4. 

Varies slightly in proportionate height and width; youing specimenls being more 
slender than older ones. The number of the revolving ribs is also varliable; 
one of my specimens showiing nearly twice the usual inu-mber, while in a fragmentary 
specimen, having all of the other characters, of size, shape, elevated and coronated 
spire, number of whorls, &c., the surface is nearly plaini, being only marked by faint 
revolving ribs, showinig a marked beading. 

The locality of the recent shell has been heretofore in doubt. AudonLin says his 
specimen probably came from China, anid a recent specimen in the Museum of Phil- 
adelphia Academy is also without a local label. But findinig the species fossil in the 
West Indies would inlduce us to look for its living repr-eselntations either in the Carib- 
bean or Paiama regioni, rather than in the Eastern seas. 

C. m a i g i n a t u s. Sby., Quart. Jour., Vol. VI., p. 44. 

A well-marked species having nio close allies. Its broad short form, deep revolv- 
inig sculptur e and higlh non-coronate spire at once distingulish it. 

C. m u s. Huass, Enc. Meth., Vol. I., part 2, p. 630. 

Four specimens only were found, but they are unmistakably members of this well 
kniown West Indianl species. 

C. p l a n i I i r a t u s. Sby., Quart. Jour., Vol. VI., p. 44. 
Id, Guppy. Loc. cit., Vol. XXII., p. 287, pl. 16, fig. 7. 
C. Stearnsit, Con. Amer. Jour. Conch., 1869, p. 104, pl. 10, fig. 1. 

A long narrow species, characterized by revolvinig impressed sculpture. The tops 
of the revolving ribs are smooth, but in the intervening grooves the linies of growth 
are elevated, produciing a tenidency to punctate character similar to that observable 
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OF SANTO DOMINGO. 231 

in some species of Actaeon. In some of tlhe specimens the sculpture is faint or wanting 
near the posterior angle. I have compared my fine series of fossil with Mr. Conrad's 
type specimens of C. Stearnsii from Florida and find no difference except that in his 
shell, which is very young, the sculpture is only visible crn the anterior half. The 
shape, the angle and chaaracter of the spire, the character of the sculpture, in short 
all of the details agree perfectly. 

Compare C. minutus,. Rve. Conch. Icon., No. 259, apparently a very younlg shell. 
IReeve describes his species as having entirely differenit colors from Conrad's, espe- 
cially in that it has two revolving bands on the middle. The angle of the whorl is 
dotted with reddish brown as in C. Stearnsii and the surface is smooth. The resem- 
blance therefore between 0. minutus and C. Stearnsii, are these of foim anid of the 
red spots on the angle; the differences are the general color and the smalllness of 
Reeve's species, while Conrad's is sculptured over half of its surface. But this 
sculpture is not an esselntial character since I have a series showing that the whole 
or only half of thl surface may be sculptured, and if this much difference is demon- 
strated to exist, why may not a very young specimen, the size of Reeve's vary still 
further. While not prepared to asser t their specific identity, I consider theiir resem- 
blance sufficiently near to warrant a critical examination. 

C. Haitensis. Sby., Quart. Jour., Vol. VI., p. 44. 
C. symmetricus, Sby. Loc. cit., p. 44, pl. 9, fig. 1. 
C. Domingensis, Sby. Loc. cit., p. 45. 

I have studied over 700 specimens of species and have tried by every test known 
to me, to divide it into two or more groups, but withotut success. Sometimes it is per- 
fectly striaight and regularly tapering on the sides, sometimes gently convex; the spire 
var ies from flat to elevated, the whorls being flat or grooved above, and striated oi plain, 
with a rounded or sharp angle; the suirface of the body whorl is either smooth or mar ked 
over a part or the whole, by ribs which may be in part or in whole, plain or beaded; 
and the shell varies from thin to massive. I do lnot wish to be understood that these 
characters run in groups. On the conitrary, they are so intermixed that there is no 
possibility of separating them. But in this otherwise protean species there is a single 
character which, when obtainable, is constant. The color pattern is fortunately 
preserved in a large number of specimenis and irrespective of their form, density or 
surface is invariable. It consists of a dark ground, with light cloudings elongated 
transver sely and more or less connected- by dashes and linles. The pattern is not 
uinlike that of C. testudinariia, but the shell, in average specimens is mole in form like 
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? C. p r o t e u s. Hlwass, Enc. Meth., Vol. I., part 2, p. 682. 

I have a series of eight shells before, me, having the shape anid size of this species, 
and differing onily in coloi' pattern. Seven of the series show more or less traces of 
color. In two of themn tlje mar-ks aire slightly confused, although they are r ather 
closely placed and distilnctly spiral; buit the other four have dark spots with well- 
defined margins and arrayed in regular revolving rows. These rows are about seven 
in number althotuglh one specimenl shows but five, while aniother eight. 

C. B e r g h a u s i i. ? Miclhelotti, Descr. Foss. Terr. Miocene de l'Italie Sept., p. 342, pl. 13, fig. 9. 
Id. Hornes, Foss. Moll. Tert. Wien., p. 19, pl. 1, fig. 3. 

I refer this species doubtfully to the Italian form on the strength of a single 
specimen. My shell seems to have all of the characters of form as figured by both 
the above authors, except a slightly higher spire. In colors, it agrees with Il6ries' 
figure in the arrangemelnt of the elongated spots on, and above the angle, but those 
on the sides of the whorl are much more numerous and smaller. 

C. cedo-nulli. Brug. Enc. Meth., Vol. I., part 2, p. 601, pl. 316, fig. 1-9. 

I have 847 specimens of this onle species, and in only two of the entire series, have I 
been able to detect the faintest trace of color. In both cases it consists of broad, 
badly defined longitudinal balnds of dark color more or less broken. 

C. furvoides. Gabb, n. s. 
Shell elongately turbinated, -narrow, nearly or quite smooth, striated in some cases anteriorly by a few wavy 

lines; spire acuminate but not very elevated; the first whorls elevated and sloping on the top, aciite-angulated ; the 
later wlhorls more or less deeply channeled and sometiines striated oni top. Aperture linear. Color pattern unlknown. 

AbouLt the size of Ct. furyvus, Rve., and similar in the form of the body whorl. The 
spire, however, is much lower and the tops of whorls are markedly grooved in all the 
specimens I have seenl. Anl unusLiually broad specimen before lmle is not unlike a very 
narrow example of C. monilis, which it also resembles in the concave sides of its spire. 

C. strombiformis. Gabb, n. s. 
Shell large, rathet thin, turbinated, spire elevated, convex; whorls numerous, rounded on tlle angle, rudely nodose 

and sloping to the suture, which is sharply cut but irregular. Body whorl curved above, pretty regularly taperingio in 
advance. Surface marked by a few distant revolving ribs, whiclh are most prominent, and most closely placed at the 
anterior end. Aperture moderate, outer lip broadly, but not deeply, emarginate posteriorly. Length 2.6 inches 
widtll 1.5 inclh. 

In genleral appear-ance this shell is lnot unilike an incomplete Strombus, btut on close 
examination it proves to be a true Cone. Its blunt rounded spire and the imperfect 
tuberculatioll especially of the upper whorls separate it not only from tile fossil cones 
of Santo Domingo, but firom all the species of the genus, with which I am ac- 
quainted. 

C. aratus. Gabb, n. s. 
Shell turbinated, apex acuminate, spire varying from nearly flat to elevated; the angle of the elevated apical 
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OF SANTO DOMINGO. 233 
volutions minutely crenLlated; top of whorls flat or very slightly sloping, covered by well-marked strife; outer edge 
sliarply algulated. Body wlorl straight on the sides or very faintly convex near the angle. Surface covered by dis 
talit, well marked impressed lines. At the anterior end these lines become confused and the slhell marked by a series 
of wavy ribs. Aperture linear. 

Nearest to C. sulcatus, but differs in the straighter sides aild more reg,ular sulca- 
tion. In size and genleral form this slhell is so like C. Htytensis that in view of the 
variable natuLre of that species, I could not have dared to separate it, were it ilot that I 
find the sulcation very constant in 19 specimiens before me, and have not found it in 
the hundreds of examples of Haytensis. This seems to be a good distinguishing 
character. 

C. Bo naczyi. Gabb, n. s. 
Shell smiiall, convexly turbinated, sides curved, tapering gradually in advance; posterior angle rounded, spire 

low, apex acute, side of spire concave; surface marked by a variable lnumber of revolving grooves, whiclh are dis- 
tinctly interrupted by Iiies of growth ; the intervening ribs are flat, or faintly sulcated and show nio traces of the 
growthl lines. Top of the whorls very slightly concave, not striated. Lenfgth .9 inch, with .5 ilnch. 

This shell has almost exactly the sculpture of C. planiliratus, tlle ribs being some- 
what more. numerous. But unlike that species it is a short, broad shell with curved 
sides. Its proportions of length and width are not unlike those of C. mercator. 

C. Yaquensis. Gabb, n. s. 
Shell robust, blroad, turbinated, spire low, angle rounded, top of whorls grooved, sides convex below the suture 

anid regularly taperinig in advance. Color a dark grouiid regularly tessellated by light spots arranged in close revolv- 
inog series. 

In size and form, thlis species is almost identical with C. cedo-nulli, but its colors 
are so entirely different fiom anything I have ever seen in that species that I have 
ventured-to niame it. 

STROMIBUS. Linn. 
S. bituberculatus. Lam., A. S. V., (Desh. Ed.), Vol. IX, p. 690. 
S. Haftensis. Sby., Quart. Jkur., Vol. VI., p. 48, pl. 9, fig. 7. 
An examiiiatioln of over 100 specimens proves that the tubercles, on wllich Sowerby 

depended to distinguish this shell from S. inermis, Sw. (= S. accipitrinus, Lam.), are 
not onily variable in disposition, but as sometimes entirely absent. The surface is some- 
times marked by broad, flat, revolving oribs alternatinog with fine lines. In other cases 
only seven or eight broad low ridges occulr. The smallest specimens are usually the 
most close ribbed. 

S. p u g i I i s . Linn., Syst. Nat. (12 Ed.) p. 1209. 
S. arnbiguus. Sby.; Quart. Jour., Vol. VI, p. 49. 
S. proximuts. Sby., loc. cit., p. 49, pl. 9, fig. 8. 
S. bifrons. Sby., loc. cit., p. 49. pl. 9, fig. 9. 
S. pugilis. Guppy, loc. cit., Vol. XXII, p. 287. 

I admit myself a little surprised that MAr. Soweiby slhould lhave been betrayed into 
makinig three syiionyms for the best known shell of the West Iindies. 

A. P. S.-VOL. XV. &3a. 
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234 ON THE TOPOGRAPHY AND GEOLOGY 

S. g i g a s. Linn., Syst. Nat. (12 Ed.) p. 1210. 

Two or three good characteristic specimelns found. 

ORTHAULA.X. Gabb, n. gen. 

Shell rounded-fusiform, canal moderate, straight and regularly tapering, adult slhell enveloped over the whole 
spire by an extension of the iiner lip, posterior canal fissure-like, formed by the continued edge of the outer lip aLd 
running directly to the apex. Outer lip apparenitly sharp and simple, anterior notch oblique and broad. 

The discovery of this genus fills an important break in the Rostellarias, uniting 
the true genus, Rostellarita with 'Conrad's Calyptrophorus. Unlike both of these 
genera the canal is not styliform, but robust and comparatively short, and its terminal 
notch is formed by an almost rectangular truncation of the anterior portion of the 
outer lip. Like Rostellaria, it has a straight posterior canal, prolonged however, 
furtlher than is common in that genus. The canal is similar in structure to that of 
Galypirophorus, being, formed by a squamose plate; but in the latter gen us it curves 
over backwards, behind the spire, which it ascends to about half its height and then 
benids down to near the sutuLre of the body whorl. Unilike the first, and like the 
second of its congeners, it has the whole spire enveloped in a plate which should more 
properly be described as a posterior extension of the body whorl, carrying the suture 
to the extreme apex. The lines of growth run from the top of the spire to aniterior end 
of the shell. It carries none of the tubercles seen in Calyptroph?orus and Tessarolax, 
and seems, unlike most of the other genera of the family, to have had a simple oulter 
lip, neither digitate nor lnotched. 

0. inornatus. Gabb, n. s. 
Shell broadlly rounded-fusiforin. Younig shell with the spire a little slhorter than the aperture, suture impressed, 

whorls niumerous, nuclear whorls tlhree, the subsequent ones showing fain-t traces of occasional tlhickeninigs disposed 
like the valices of Triton; surface smootlh; anterior end of body whorl marked by a few faint revolving lines, 1no 
posterior canal. Adult shell more distinctly fusiform, the spire covered by a longitudinally striated incrustation 
coverinig the sutures and extending to the extreme apex. Aperture elonigated, acute behind and prolonged into a very 
niarrow posterior canal rulnning straiglht to the apex; in advance it is gradually narrowed, the anterior notch broad and 
slhallow; inner lip thinly enierusted; outer lip thin in all my specimens, and apparently thin, straight and entire in the 
perfect adult. . Size of largest specimen, lenlgth 3.75 inch, width 1.5 inch. 

DOLOPHANES. Gabb, n. gen. 

Shell elongate oval, spire elevated; showing a minute imperforate umbilicus; aperture semi-oval; inner lip 
slightly encrusted, outer lip acute, siniuous; anterior end of tlle aperture terminating in a short, not emiarginate canal. 

The first impression produced onl looking at this little shell is that it is probably 
a Melania; but apart from all of its three hundred associates being marine, which 
would renider such a reference improbable, it has a grouping of characters whieh ally 
it so closely to Struthiolaria, that I am conlvinced that it is most probably a nearly 
r elated genus. Its spire is very like that of many species of Stromhbid anid, in the 
details of its mouth it differs from Struthiolaria i lla ving, a thinly enecrusted inner 
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OF SANTO DOMINGO. 235 

lip, an acute outer lip and an obsolete umbilicus, instead of the thickened margins 
and no umbilicus of that genus. 

D. melanioides. Gabb, n. s. 
Shell oval, spire elevated, whorls ten, the first three nuclear, the otlhers rounded on the sides, angulated above and 

flattened and a little sloping near the suture. Surface marked by numerous minute longitudinal ribs reaching over 
the angle to the suture and becoming obsolete on the middle and anterior portions of the body whorl. On some 
specimens there are very minute revolving striae. Umbilicus minute, imperforate aind bordered by a small ridge or 
angle. Aperture sub-oval; inner lip thinly encrusted, continuous behind with the outer lip which is acute and 
slightly sinuous, most prominent in the middle. Canal very short, not emarginate. 

I have tried to idelntify this species with the shell described by Guppy as Mdelan- 
opsis capula,* which it seems to resemble ?omewhat in form and size. But that author 
gives his shell but seven whorls, and does not describe or figure the flattened tops of 
the volutions, which are a marked character of the-present species. There are also other 
differences which, however, might be explained by want of care in the artist, but which, 
nevertheless, lead me to believe that, while there may be a generic relation between 
the two shells, they are most probably different species. 

CYPR2EA. Linn. 

C. He nikeni. Sby., Quart. Jour., Vol. VI., p. 45, pl. 9, fig. 3. 

A very variable species; sometimes the tubercles are entirely wantilng, and distor- 
ted specimens are occasionally found. The colors are light spots on a dark ground, 
similar to those of C. reticulata and C. cervus, but proportionately larger, contracting 
the dark parts to the net-work of thick lines. 

C. Isabella. Linn., Syst. Nat., (12 Ed.), p. 1177. 

A few specimens were found which, in the absence of color, I cannot separate fromi 
this well known species. They ag,ree in all the details of form, teeth, &c. 

C. spurca. Linn.. Syst. Nat., (12 Ed.), p. 1179. 

Mly shells agree perfectly in form, size and detail with the recent forms, but two 
of them show a color pattern whicll may possibly warrant a separation. They are 
covered with round spots of different sizes, about as numerous and as variable in size 
as those of C. argus 

C. spurcoides. Gabb, n. s. 
Shell similar in form to C. spurca, but somewlhat broader alnd more narrowed in advance. Callous broad. convex 

below, and slightly expanded laterally, not crenulated above as in C. spureca. Crenulations of both lips well defined, 
more numerous on the inner than on the outer lip. Color pattern mottled irregularly. 

In color and size, this not unlike C. bicallosa, but it differs from it in form and in 
the absence of the two callosities. It wants entirely the nlarginal pittings of Ct. 
spurca, which it approaches nearest in form. 

* Quart. Jour., Geol. Soc., Vol. XXII, p. 580, pl. "6, fi,,. 14 
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236 ON THE TOPOGRAPHY AND GEOLOGY 

C. Donlinicensis. Gabb, n. s. 
Shell very similar to C. lurida in form, sides sub-parallel, anterior enid tapering more tllan the posterior, base 

slightly flattened; inner lip flexuous in advaice ; teeth small, very niumerous and not extended over the base. 

Thlis shell is closely allied to C. lurida and C. pulct ra, but differ s from botlh in that 
its teeth are small, reguLlar, uniform and end abruptly along a straight line. This last 
character at once separates it from the latter, while the size of the creniulations equally 
distingtuish it fiom the former. The largest specimen is 1 5 inch long. 

P USTULARIA. Swains. 
P. nucleus. Linn., sp. 
Cyprwa, id., Linn., Syst., (12 Ed.), p. 1181. 

Four good specimenis were found 

CANCELLARIA. Lam. 

C. reticulata, Linn., sp., Syst. Nat., (12 Ed.), p. 1190. 
C. Barretti, Guppy, Quart. Jour., Vol. XXII., p. 289, pl. 17, fig, 11, 

C. M o or e i. Guppy, Quart. Jour., Vol. XXII., p. 289, pl. 17, fig. 11. 

C. 1 ae v e s c e n s. Guppy, Quart. Jour., Vol. XXII., p. 289, pl. 17, fig. 12. 

C. b r e v i s . Sby., Proc. Zool. Sec., 1832, p. 52. 

C. t e s s e 11 a t a. Sby., Proc. Zool. Soc., 1832, p. 51. 

C. Guppyi. Gabb, n. s. 
Shell sub-globose, spire elevated, about three fiffhs as lolng as the aperture; whorls eight, the first two nuclear 

suture slightly chanlneled. Surface finely cancellared by nearly equal revolving and longitudinal ribs; umbilicus 
small. Inner lip covered with a strong plate bearing three prominent folds, the lower terminal. These folds are dis- 
tinctly grooved on top. 

Allied to the C. reticulata, this shell can be at once distinguished by its short sub- 
globose form its channeled suture, its finely sculptured surface and by the coluinellar 
plates being broad anid grooved on top, instead of being thini and acute. 

All of the -above species of Cancellaria are rare; C. Moorei being the only one of 
which a really good series has been founid. 

CERITHIIJM. Brug. 
C. prismaticum. Gabb, n. s. 
Shell large, robust, elevated, whorls numerous, suture deeply impressed ; surface marked by a deeply square-cut 

groove below the suture, and one less distinct adjoining the suture; below these there are a few very large tu- 
bereles, five or six to a volutioii, the whole crossed by a few revolving lines, most marked on the upper whorls. 
Aperture with a single large fold on the pillar lip. 

I have but a sinigle fraomentary specimen of this species. It is 2.3 iniches long 
and possesses but five volutions. Originally it must have been considerably over 3 
inches in lenigth. Its immense tubercles and the deep groove below the suture ar e 
unlike any other known species. 

C. microlinea tum. Gabb, n. s. 
Shell large, turreted, many whorled, sides of whorls flattened, suture linear unldulated ; surface marked by a row 
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OF SANTO DOMINGO. 237 

of indistinct nodes adjoinilng the suture, and a large number of very fine, closely placed revolving lines covering the 
entire surface. On the body wlhorl there is a single obsolete varix. Aperture broad, canal slightly twisted, inner lip 
without folds, but bearing a tubercle posteriorly. 

About the size and shape of C.fascia tum, but distingmuished by its different surface, 
by the absence of columellar folds and by the less deflected canal. 

C. d e n ti I ab riim. Gabb, n. s. 
Shell large, heavy, spire elevated, suture distinct, wlrlorls flattened on the sides, bearing a few very faint varices. 

Surface marked by not very strong longitudinal ribs or undulations; these are crossed by four or five strong revolving 
ribs, flat on top and with coneave interspaces, giving the surface a coarse but pretty regularly calicellate appearance. 
Aperture sub-quadrate, with two stronig folds on the columella, one in the middle, the other behinld; outer lip with 
one large tubercular tooth in the middle and one in advance. These folds and teeth are absent in the young shell. 
Length 2 inches width 0.7 inch. 

Easily distinguished by its coarse cancellated appearance and its dentate moutth. 

C. suprasulcatum. Gabh, n. s. 
Shell broad, spire nmoderately elevated, whorls numerous, increasing rapidly inwidth flat on the sides; suture chanl- 

neled. Surface plain or marked by a few lines in advance and by a deep revolvinog groove a short distance below the 
suture. Aperture sub-quadrate, canal very small, no folds.; outer lip strongly produced on the base, adjoining the 
canial. Length about 1.5 inch, width .7 inch. 

Easily recognizable by its broad form and its smooth sides witlh a single groove 
near the suture. 

C. obesum. Gabb, n. s. 
Shell short, broad, spire about one and a half times as long as the aperture, apical angle very variable, suture 

linear. Surface very variable. The most usual character is a series of tubercles near the suture. In some cases 
these form an angle, in others they are obsolete or entirely wanting while in one specimen they are prolonged into 
short ribs, with a secondary series adjoining the suLture. The entire surface is always covered with minute revolviing 
lines. Aperture sub-ovate, canal very short, not reflexed, a tubercle on the inner lip behind; outer lip effuse, inter- 
nally thickened. Length 1. inch, diameter .5 inch. 

The short robust form with rounded ouitlines of this shell, its revolving thread-lilke 
strim alnd its expanded lip, are unlike any other species I have ever seen. In the 
great majority of cases it bears a series of small rounded pronminences a short dis- 
tance below the suture. 

C. u n i s e r i a I e. Sby., Quart. Jour., Vol. VI., p. 51. 

I have studied Sowverby's description of this species carefully and am not celtain 
whether I have beein successful in fixing the name to the proper shell. It might 
apply with some propriety to the immediately preceding species, but seems to agree 
more nearly with the one before me. This is much more sleilder, with an elolngated 
spire, bearing a series of small tubercles on the angle, aild crossed by pretty stronlg, 
and somewhat alternated revolving, lines. The canal is elongate, moderately twisted, 
with the ordinary terminal fold and with a posterior tubercle. Length about -one 
inch. 

A P. S.C-VOL. XV. 311. 
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238 ON THE TOPOGRAPHY AND GEOLOGY 

C. turriculum. Gabb, n. s. 
Shell elongate, slender, spire high, whorls nuimerous, with their sides almost parallel, ornamented by a series of 

elongate tubereles, laterally compressed anld not so wide as the intervenling spaces. These tubercles reach the 

suture and are shouldered, producing a more or less marked superior angle to the whorl which however does not exist 
in the interspaces. Crossing the whole surface is a series of small revolving lines. Canal moderately long, but 

slightly twisted. Length about an inch. 

From the preceding species, this can be distinguished by the rib-like tubercle and 
the entire want of convexity in the whorls, as well as by the peculiar "shouldered" 
appearance of the tubercle. 

C. Dominicense. Gabb, n. s. 
Shell robust, turreted, spire high, whorls numerous, the upper ones cancellated, the last two or three with a row 

of large round tubercles on the ailgle and revolving lines, usually alternating in size. In some specimens, three or 

four of the largest of these on the body whorl, are granular. Aperture small, canal moderately twisted. Length 
about one inch. 

Distinguished by the cancellate upper whoils and the round tubercles on the last 
two or three volutions. One or two of my specimens retain traces of brown color 
anid look like bleached beach shells. 

C. plebium. Sby., Quart. Jour., Vol. VI., p. 51. 
rd. Guppy, loc. cit., Vol. XXII., p. 290, pl. 16, fig. 9. 

A well-marked species, easily recognized by its straight ribs, usually alternating 
with an equal number of thread-like ribs in the interspaces. I have a shorter and. 
broader form with the same sculpture which I consider a variety of the same species. 

?C. venustum. Gabb,n.s. 
Shell slender, very elongate, whorls numerous, flat on the sides; suture linear, bordered -both above and 

below by a thread-like ridge surface bearing a few obscure, rounded varices and ornamented by obscure longitudi- 
nal ribs crossed by about four revolvinlg ribs makin(r a small tubercle at each intersection. Between the latter ribs 
are a few minuite lines. Aperture unknown, Length nearly 1.5 inch. 

The shape of th-iis shell is not unlike Turritella while its sculpture and the faint 
varices seem to ally it to Cerithium. I have seen but a single specimen. 

C. simplex. Gabb, n. s. 
Shell broad, spire elevated, wlhorls eleven, rounded; suture linear. Surface ornamented only by fine revolving 

impressed lines. On some, especially of the upper whorls, faint traces of varices can be detected. Aperture broad, 
sub-oval, canal short, slightly twisted, inner lip not encrusted; outer lip simple, nearly straight. Length 1 inch, width 
.5 inch. 

The round whorls, almost without ornament, and the naked inner lip and nearly 
straight outer lip sliow this to be a decidedly aberrant form in the genus, while its 
columella and canal forbid a generic separation. 

C. Yaquensis. Gabb, n. s. 
Shell minute, spire elevated, whorls numerous, rounded, bearing occasional rounded varices or irregular ribs; 

upper whorls most expanded on the lower side near the suture, narrowing gradually upwards. Surface marked by 
a few large ribs extending from the suture to the base and crossed by fine revolving linies. Canal short, curved, wide; 
outer lip internally striated. Length .35 inch, width .1 inch. 
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OF SANTO DOMINGO. 239 

A very small shell, recognizable by the rounded body whorl anid slightly angular 
upper volutions, and by the short, open canal. 

C. Maoensis. Gabb, n. s. 
Shell ininute, whorls rounded, with a few obsolete rounded varices; upper whorls smooth, others crossed by 

fine regular revolving lines; aperture broad, canal very short, columellar twisted, outer lip prominent in front, sinmple. 
Length .6 inich. 

Most nearly allied to C. simplex, of which I was at one time inclined to consider 
it the young. But its more slender form forbids such a reference. The apical angle 
of that species is double that of the present, and both are very conistant. 

CERITHIDEA. Swains. 
C. m i n u t a. Gabb, n. s. 
Shell minute, stout, spire about twice as long as the aperture, whorls seven or eight, very slightly convex on the 

sides, suture linear. Surface marked by numerous fine longitudinal ribs covering the spire anid extending to the mid- 
dle of the body whorl. These are crossed by. finer revolving lines, most marked in advance. Canal nearly obsolete, not 
emarginate, inner lip encrusted, outer lip thickened and produced in advalnce. Aperture acute behinid. Length .2 
inch. 

Very rare; but a single example found. 

TRIPHORIS. Desh. 
T. nigrocinctus? Adams, sp. 
Cerithiumn, id. Adams, Best. Jour., N. Hist., Vol. II., p. 286, pl. 4, fig. 11. 

Triforis, id. Stimp., Sm. Check List. 

I am by no means sure of my identification of this species; my only specimen being 
immature and barely more than .05 inch in length. But it seems to agree as nearly 
with that, as with any other species; and I slhould not venture on more than a pro- 
visional determination with such imperfict material. 

BITTIUM. Leach. 
B. asperoides. Gabb,n.s. 
Shell elongate, slender, whorls colnvex, malked by numerous longitudinal ribs, crossed by from three to five sharp 

filiform ribs, sometimes with finer lines interposed ; base striate; aperture sub-quadrate. 

Close to B. asperum of the coast and late Tertiaries of Californiia, but more robust, 
with more lolngitudinal ribs and with a shorter mouth. 

B. canaliculatum. Gabb,n. s. 
Shell elongate, slender, spire higlh, whorls eleven, slightly convex, suture channeled, surface marked by numer- 

ous, fine closely-placed longitudinal ribs, crossed by obsolete revolving lines. Aperture rounded sub-quadi'ate. 
Length .2 inch. 

Differs from the preceding by its channeled suiture and by the absence of canicel- 
lation on the surface. From the following species it is distinguished by its smaller 
size, more delicate structure, by the presence of the channel anld by the much more 
numerous whorls. 

B. costatum. Gabb, n. s. 
Shell minute, robust, wlhorls seven or eight, flattened on the sides, suture linear. Body whorl produced in ad- 

vance. Suiface marked by numerouis large longitudinal ribs which begin at the suture and cover the whole surface, 
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extending even over the base of the body whorl. Aperture elong,ated ald roulnded in advance. Lelngth about .15 
incih. 

A very solid species recognizable by its uniform, large ribs and produced aperture. 

LACUNA. Turt. 
L. punctata. Gabb, n. s. 
Shell small, spire elevated, variable in heiglht, as long, or longer thani the mo1ih; whorls six, convex, widening 

towards the base; base rounded, umbilical groove bordered by a sharp margin; aperture nearly round. Surface 
smooth, covered by minute colored spots, arranged in pretty regular quincunx. 

The original color seems to have been more or less a light brown or reddish, with 
dark spots; but usually in the fossil the dark spots are preserved as an opaque white 
or a semi-translucent ground. 

This shell is living in the West Indies, but I cannot find it described. 

TURRITELLA. Lam. 
T. to r n a ta. Guppy, Quart. Jour., Vol. XXII., p. 580, pi. 26, fig. 12. 

A very slender species, recognlizable by its beaded ribs. Mr. -Guppy's description 
applies very well to a single variety. Besides it, there is one form, with the same 
large ribs, but beaded all over; another with the upper rib double; ald still a third 
with the lower rib much the mole prominent of the two. In addition to these, there 
are several less marked variations. 

T. plan igyrata. Guppy, Proc. Sci. Soc. Trinidad, 1867, p. 169. 
Shell eloiigate, maniy whorled; whorls convex, the nearer ones flattened in the middle, marked with three or four 

larger, and a great many smaller ribs covering all of the sides and base. Aperture sub-quadrate; innier lip encrusted 
and reflexed. 

With a muclh wider apical angle than T. tornata, and convex sides. This species 
differs from both of the preceding by the nearly uniiform size of the ribs which ale 
all Piearly thread-like anid cover alike the sides and base of the shell. It is not unlike 
T. ing ulina in its surface, but differs in having a quadrate mouth, instead of its being 
elongate. 

T. exoleta. Linn., sp. 

I havJe thle specimens of thlis species, showing quite distinactly the squamlose linles 
of growth. 

VERMETUS. Cuv. 
V. d e c u s s a t u s. Gruel. sp., p. 3745. 
E decussatus. M1rch. Vermet., p. 26. 

I have a single specimenl of only the regular part of this shell. It seems to agiree 
with the figur-es and descriptions, as well as with labeled specimens in tlhe museum 
of the Philadelphia Academy. 

PETALOCONCHUS. Lea. 

P. sculpt uratus. 11. C. Lea. Trans. Am. Phil. Soc., Vol. IX, p. 230. 
P. Doiningensis, Sby. Quart. Jour., Vol. VI., p. 51, pl. 10, fig. 9. 

A comparison of extensive stuites from both localities, proves beyond a douibt, the 
identity of the species. 
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OF SANTO DOMlNGO. 241 

I have specimenis which correspond with the description, though not with the 
figure of Vermetus papulosus, Guppy, loc. cit., Vol. XXII., p. 292, pl. 17, fig. 6. The 
illustration does not show the tubercles arraliged "in reguilar longitudinal rows" nor 
does it exhibit the strii. My specimens do, however, and I believe them to be the 
large terminal end of the tubes of P. sculpturatus. 

The inte^rnal plates of Petaloconchus are bv no means constant in either the 
straight or the spiral portions of the shell. In fact I find them to occur rather in a 
minority of my specimens. 

- 
May they not have rather a sexual value? The genus 

can always be distinguished from Vermetus by the irregularity of its spiral. In the 
latter genus, the spire is as regular as that of Turritella; in the present one it is 
never uniform. 

CAECUM. Flem. 
C. annulatum. Gabb, n. s. 
Shell minute, arcuated, rather thick, covered by transverse ribs, becoming finer and more closely placed near the 

aperture. In the interspaces between the ribs are minute longitudinal lines. 

More robust and less arcuated than C. trachea, and differs from it in the details of 
sculpture. 

C. constrictum. Gabb, ni. s. 
Shell minute, slightly curved, tapering slightly toward the truncated apex; septum prominently convex; aperture 

distinctly niarrowed. Surface smooth. 

With the smooth surface of C. glabrum, this little shell differs in the constricted 
aperture. 

ONUSTUS. Humph. 
0. im perforatus. Gabb, n. s. 
Shell broad, trochiform, moderately elevated, whorls seven, convex above, margins squamose, suture minute, 

not undulated; upper surface covered by fine oblique irregular lines, sometimes dichlotomous; under surface 
marked only by lines of growth.. Umbilicus small, almost entirely covered by an expansion of the inner lip, its 
margin regularly rounded. Aperture sub-elliptical, outer edge acute. 

About the size of 0. exustus, but differs in its markedly smaller umbilicus with 
rounded margins, and in the non-stellate character of the squamose plate. 

PHORUS. Montf. 
P. agglutinans. Lam., sp. 
P. onustus, Rve. Icon. Conch., No. 3. 
Trochus agglutinans,.Lami. 

Seventeen specimens were founid, anld on the largest, which is nlearly naked, are 
several fiagments of Petaloconchus. 

CRUCIBULUMA. Schum. 
C. s p i n o s u m. Sby., sp. 
Calyptrcea spinosa. Sby., Gen. of shells, sp. 6. 
Crucibulum sjpa'lnosum. Rve., Icon. sp. 10. 

Very rare, but shows several varieties, as is usual elsewhere. I have it spinous, 
striate, smooth; very high, lnearly flat ; thin and thick, round, oval, and irregular. 

A. ?. S.-VToi. NV. 31. 
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242 ON TIHE TOPOGRAPHY AND GEOLOGY 

TROCHITA. Schum. 
T. Sp. indet. 

A single young specimen, smooth and rather high. 

CRYPTA. Humpli. 
C. f o r ii i c a t a. Linn., sp. 
Petetta, id. Linn. Syst., p. 1257 
Crypta, id. H. and Ad. Gen. Rec. Moll. 

Rare. 
CAPULUS. Montf. 

C. i n o r n a t u s. Gabb, n. s. 
Shell thin, expanded, nuclear whorl distinctly incurved; mouth irregularly sub-circular, surface marked by 

lines of growth and by obsolete radiating lines. Length .6 inch, height .4 inch. 

A thin simple shell, with little of tangible characters except its small incurved 
apex and barely visible radiating lines. 

NERITINA. Lam. 
N. viridis. Linn., Syst., p. 1254. 

A dozen specimens, all showing more or less of their color. 

EUTROPIA. Humpli. 
E. altispira. Gabb, n. s. 
Shell small, spire elevated, about as long as the aperture, whorls six, very convex; surface polished, aperture 

rounded, inner lip slightly encrusted. Length .15 inch. 

A beautifully formed little shell, which can be recognlized by its very round 
whorls and nearly circular aperture. My unique specimen shows no trace of color. 

TURBO. Linn. 
T. Dominicensis. Gabb, ni. s. 
Shell sub-globular, spire elevated, base imperforate, whorls about six or seven, roiund; suture bordered by a 

beaded rib. Entire surface marked by rounded revolving ribs, of wlhich two on the side and one adjoining the 
suture are generally larger than the others. All of these ribs, but more especially the large ones, are more or less 
broken up into rows of beads. Mouth round, callous of the inner lip, thick and rounded; outer lip simple. Height 
and width about 1 inch. 

Nearest in general character of the suLrface to Senectus Spengleiranrus, but dis- 
tinguiished from it by the closely-placed beaded ribs and the presence of a strong 
beaded rib adjoining the suture instead of a groove. The inner lip is differenlt, and 
the aperture is rounider and not expanded in front. 

ASTRALIUMI. Link. 
A. longispinium. Lam., sp. 
Trochus longispinus. Lam., A. S. V., Vol. IX., p. 122. 
Astralium, id. Adams. 

A single mouild, fortunately in determinable condition. 

CYCLOSTREMA. Marryatt. 
C. striata. Gabb, n. s. 
Shell small, discoidal, spire depressed, umbilicus broad, perspective; whorls about five, round, sliglhtly flattened 

near the suture. Aperture nearly circular; surface marked by lnumerous finie revolving linies. 

Nearest to C(. ciJnguklufera, Ad., but more discoidal anid with finier surface strive. 
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OF SANTO DOMINGO. 243 
C. pentagona. Gabb, n. s. 
Shell minute, discoidal, spire moderately elevated; umbilicus perspective; whorls five, cross section. rudely 

pentagonal, flat on top, with three keels on the outer surface, one at the upper and one at the lower angle, and the 
third in the middle; the umbilical margin is faintly angulated; except these keels the surface is polished, and with- 
out ornament. 

ADEORBIS. S. Wood. 
A. carinata. Gabb, n. s. 
Shell depressed trochiform, whorls five, rounded above and below with a prominent raised keel in the middle; 

umbilicus narrow, perspective, margin faintly angulated; aperture elliptical, outer lip produced into a short tongue- 
like angle in the middle at the end of the rib. 

A peculiar little shell, of which the whorls are a little broader than high, and bear 
a keel in the middle. This is visible only on the body whorl, being coincident with 
the suture in the upper volutions. This may be the shell figured by d'Orbigny (La 
Sagra, pl. 18, fig. 26-28) as Rotella carinata, but its open umbilicus forbids the 
reference to that genus oi even the family! It is clearly an Adeorbis. 

UIKBONIJUM. Link. 
U. vitre urm. Gabb, u. s. 
Shell minute, vitreous, spire moderately elevated, whorls three, round, sutural edge slightly thickened, surface 

polished, mouth round, inner lip thickened and slightly expanded; callus narrow, surface polished. 
Nearest to U semnistriatum, d'Orb. (La Sagra, Cuba, pl. 18, fig. 20-22), but with 

a higher spire, rouLnder mouth, and without the strive of that species. 

CALLIOSTOMA. Swains. 
C. conica. Gabb, n. s. 
Shell small, conical, spire Iiigh, whorls numerous, sides flattened, so that tlieie is an uninterrupted straight line 

from the apex to base of the body whorl; sides ornamented by about seven simple, rounded, revolving ribs with 
narrow interspaces; base covered with ribs smaller than those above. Aperture sub-quadrate. 

My single specimenl may be yolmg. It is .25 inch in height, but its characters 
are different from any other species I know. It is near est C. zizyphinus, but differs 
in the much narrower apical angle and in the uniform size of all of the ribs, wanting 
the characteristic large rib on the angle. In shape it is very near to C. jujubinus. 

OMPHALIUS. Philippi. 
0. viridulus. Gruel. sp. 
Trochus, id. Gruel., p. 3574. 
0. viridulus. H. and A. Ad. Geo., P. P. Carp. Mozat. Moll. p. 234. 
I have compared the specimens with authentic West Coast shells, arid find them 

identical in all their details. 

MARGARITA. Leach. 
M. tricarinata. Gabb, n. s. 
Shell minute, spire elevated, whorls three or four, the upper ones rounded, body whorl bearing three strong 

carinations, top of the whorl bearing one or two ribs, and crenulated adjoining the suture, base slightly convex, 
umbilicus large, margin bordered by a crenulated rib. Apelture rounded' simple. 

A very minute shell, about equal in size to Gyclops depressus and Umbonium 
vistreum, at once distiniguiished by its high spire, open umbilicus, and tricarinated 
whorls. 
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244 ON THE TOPOGRAPHY AND GEOLOGY 

LUCAPINA. Gray. 
L. alternata. Say., sp. 
F. alternata. Say., Jouir. Phil. Acad., 1 ser., Vol. II, p. 224. 
L. alternata. H. and A. Ad., Gen. Rec. iloll. 

Half a dozen specimens were found, the largest not quite an inch in lelngth. 

DENTALIUIM. Linn. 

D. d i s s im i e. Guppy, Quart. Jour., Vol. XXII., p. 292, pl. 17, fig. 4. 

I have a shell answering to Guppy's description and figure, except. that it seems 
more robust than the latter. 

Another form, probably a variety, differs from this in being smooth but with six 
sharp longitudinal ridges, not, however, like D. hexagonum. In apical angle and 
curve it agrees with the above. 

D. a f f i n e. Gabb, n. s. 
Shell rapidly taperiing, gently curved, marked by six or eight large ribs, with a variable number of smaller ribs 

interposed. Besides these the shell is sculptured by minute longitudinal liines, crossed by equally small lines of 
growth, giving the surface a flnely woven appearance. Length about 1.5 inch. 

Differs from D. dissimile in the amount of curvature and in wideninlg much more 
rapidly towards the mouth; also in being scuLlptured over the entire surface. Nearest 
to D. elephantinum, but smaller, less curved, and with finer sculpture. 

The large ribs are not uniform in pattern, sometimes being as few as six, while in 
other specimens the whole surface is covered with ribs of pretty nearly uniiform size. 

I have two specimens which seem to indicate a larger species, in which the longi- 
tudinal ribs are of uniform size; and while the minute sculpture described above does 
not occur, it is replaced by the lines of growth being finely squamose. In the absence 
of more material, I do not feel warranted in naming it. 

D. Haytensis. Gabb, n. s. 
Shell small, nearly straight, increasing very gradually in size, surface polished. 

This little shell differs from the preceding by its straighter form and entirely 
smooth surface, as well as by the nearly parallel sides. 

? D. rudis. Gabb, n. s. 
Shell long, straight, slender, massive; widening very gradually. Surface sculptured by longitudinal ribs, 

coarse, undulated, and sometimes broken by transverse wrinikles. Length 2.5 ilnches. 

This shell has the general form of a straight Dentalium, but its thick substalnce 
and its rough sculpture seem to indicate a generic difference. Its surface is not 
unlike that of some species of IHippurite in the style of ornament. 

D. ponderosum. Gabb, n. s. 
Shell elongate, slender, very slightly arcuate, the greater curve being at the tip; surface with a few longitudinial 

ribs at the apex, which become obsolete as the shell grows older; beyond tllese there are no ornaments except the 
faint lines of growth. Internally the slhell is thickened by deposition of shelly layers so as to reduce the internal 
diameter to a fourth of the external. 
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OF SANTO DOMINGO. 245 

In external appearance this species approaches D. dissimile, Guppy, but its thick 
walls will distinguish it. It differs in this respect only from other species in the 
genus. 

GEADIY S. Rang. 
G. Dominguensis. D'Orb. sp. 
Dentalium Dominguense. D'Orb., La Sagra, pl. 25, fig. 7. 

Not rare. 
SCURRIA. Gray. 

S. mitra. Eschl. sp. 
Acnucea mitra. Esch. Zool. Atlas, 1833, p. 18, pl. 23, fig. 4. 
S. mitra. Gray, Genera 185.5. 

A few specimens, which I canniot separate from this familiar West Coast form. 

NACELLA. Schum. 
? N. sp. indet. 

A single little shell, which seems to belolng to this genus. 

ACTIEON. Montf. 
A. tornatilis. Linn. 

A single specimen. 
A. Cubens-is. Gabb. 
Tornatella punctata. D'Orb., La Sagar, pl. 17, fig. 10-12. 
Not A. punctata, Lea. 

A variable species. In some specimens the sculpture is nearly absent, in others it 
covers half, and in others the whole of the whorl. 

ACTLEONIDEA. Gabb, n. gen. 

Shell long oval; aperture narrow, outer lip simple; columella slightly encrusted, bearing one large transverse 
fold in the middle and truncated in advance. Sculpture revolving ribs. 

The genus is an Actccon, except that it has a single large fold on the middle of the 
inner lip alnd the columella is truncated as in Achatina. 

A. ory z a. Gabb, n. s. 
Shell small, slender oval; spire elevated, whorls five, regularly rounded above and below flattened in the middle; 

surface marked by about 30 flat, revolving ribs with punctate interspaces. Size about equal to a large grain of rice. 

CYLICHNA. Loven. 
C. sulcata. D'Orb., sp. 
Bulla suloate, d'Orb., La Lagra, Cuba, pl. 4 bis., fig. 9-12. 

This species has not the anterior fold of .Cylichna. 

CYLICHNELLA. Gabb, n. gen. 

Shell sub-cylindrical, spire sunken, mouth narrow behind, widened in advance-. Coluinella with two folds. 

This genus has the external form of Cylichna, but it has two distinct folds, the 
upper one is sharp and prominent like that of Actceon, while the lower is more oblique 
and winds around the collumella in the same manner as that of Cylichna. 

A. P. S.-VOL. XV. 3i. 
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C. bidentata. D'Orb., sp. 
B3ula bidentata, d'Orb., La Sagra, pl. 4, fig. 13-16. 
Utriculu8 bidentata, Chemn. Man. Conch., Vol. I., p. 388. 

TOMATINA. A. Ad. 
T. recta. D'Orb., sp. 
Bulla recta, d'Orb., La Sagra, p1. 4, bis., fig. 17-20. 

VOLVULA. A. Ad. 
V. cylindrica. Gabb, n. s. 
Shell minute, sub-cylindrical, anterior end rounded, posterior produced, acuminate; surface witlh a few fine revolv- 

ing striwe in advance; aperture narrow, linear, widening in advance; anterior end of ininer lip thickened, reflexed. 

Allied to V: (Bulla) acuta, d'Orb., La Sagra's, Cuba, pl. 4, fig. 17-20, but more 
slender and cylindrical. That species narrows sensibly in advanice. 

BULLA. Linn. 

B. granosa. Sby., Quart. Jour., Vol. VI., p. 51, pl. 10, fig. 10. 

B. pau percula. Sby., Quart. Jour., Vol. VI., p. 52. 

A shorter, broader and thinner shell than B. amnygdala, (striata), to which it is 
most nearly allied. 

In addition to the above I have about a dozen species of unndetermined Gasteropods, 
mostly minute. 

ACEPHALA.. 

MARTESIA. Leach. 
M. Sp. indet. 

A single imperfect little shell, showing no trace of the accessory valve. 

TEREDO. Linn. 
? T. Sp. indet. 

A mass of tubes which may belong to a Teredo or to one of the allied genera. 

KUPHUS. Guett. 

Purcella, Septaria. Lam. 
K. incrassatus. Gabb, n. s. 
Tube large, cylindrical, irregular, surface coveered by lines of growth, substance thick; apex often twisted or 

otherwise distorted; divided by a longitudinal septum into two tubes, often of unequal size. 

Fragments of this species are very common in the brown earthy shale east of 
Guayubin. The largest I have seen is a little over ani inch in diameter, and they 
usually occur in pieces of two or three inches in length. I have niever seen it fiom 
other localities. The shelly walls are oftenl so thickened that the inlternal diameter is 
nlot over half that of the outside. 

ROCELLARIA. Bellev. 
R. Sp.? 
A pair of minute valves, nearest to R. cuneiformis in shape, found boring a large 

shell. They are too small for satisfactory specific determination. 
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SILIQUA. Muhlf. 
S. suboequalis. Gabb, n.s. 
Shell small, translucent, narrow, beaks central, base straight, ends nearly equal; surface polished; internal rib 

small, oblique. Length 1 inch. 

Differs from S. costata in being more slender and in the beak being ceiltral. 

BOTHROCORBULA. Gabb, n. gen. 

Shell like Corbula in form and hinge, but differing in having a deep lunular pit in advance of the beaks, pene- 
trating and almost passing through the hinge plate. 

I have carefully examined almost all of the living and many fossil species of Cor- 
bula, and can find in none the slightest trace or rudiment of a lunule; while this 
shell has it deeper than it occurs in any other form ekcept in Here (Nob.) of the 
Lucinas. 

B. v i m i n e a. Guppy, sp. 
C. viminea. Guppy, QuLart. Jour. Geol. Soc., Vol. XXII., p. 293, pl. 18, fig. 11. 

CORBULA. Brug. 

C(. d is p a r iIi s. D'Orb., La Sagra, Cuba, pl. 27, fig. 1-4. 
U. vieta. Guppy, Quart. Jour., Vol. XXII., p. 580, pl. 26, fig. 8. 

C. contracta. Say., Jour. Phil. Acad., 1 Ser., Vol. II., p. 312. 

C. Dominicensis. Gabb, n. s. 
Shell large, thin, nearly equivalve, beaks central, valves moderately convex, no lunule, posterior enid produced 

into a sharp angle; a narrow flat space running from the beaks to the angolle. Surface marked by numerous moderately 
fine concentric ribs. About the size of C. viminea, this species is without the lunular pit, is muchl more finely 
sculptured, flatter and more produced posteriorly. In this latter character it also differs from C. crassa, which seems 
to be its nearest ally. 

C. L a v a l e a n a. D'Orb, La Sagra, Cuba, pl. 27, fig. 9-12. 

Abundant. 
NE2EROMYA. Gabb, n. gen. 

Shell thin, translucent, in shape approaching Pholadomya, ends closed; hinge with a prominent tooth in the 
right valve, articulating behind a smaller similar one in the left valve. An anterior and posterior lateral tooth in 
each valve. Mantle margin without a sinus. 

This genus, in its thin character and minute hinge, is closely allied to Pholado?nya, 
Thetis and Newra, but differs from all in the details of the hinge. Necera has iio 
cardinal tooth, but in its place a cartilage pit on each valve. It has a sinigle posterior 
tooth, while this genus has the anterior equally well developed. In having corres- 
ponding teeth in both valves it differs fiom Thetis, while its well, specialized hinge 
and its closed ends distinguish it from Pholadomnya. 

N. quadrata. Gabb, n. s. 
Shell small, rounded, sub-quadrate; beaks posterior; anterior end produced, rounded, and slightly narrowed; 

posterior end broadly rounded; base nearly straight. Surface polished, marked onily by minute lines of growth. 
Length .3 inch, height .23 inch. 

A beautifuLl little tralnslucenlt shell which looks like a smAll Phtoladomya. 
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NE2ERA. Gray. 
N. alternata. D'Orb., sp. 
Sphena, id. D'Orb., La Sagra's, Cuba, pl. 27, flg. 17-20. 
Necerea, id. H. and A. Ad. Genera Rec. Moll., p. 369. 
N. ornatissima. D'Orb., sp. 

Sphena, id. D'Orb. loc. cit., pl. 17, fig. 13-16. 
Nercra, id. H. and A. Ad., Gen. p. 369. 

Despite the differenlces in D'Orbigny's fignres quoted, I am hardly prepared to 
admit the validity of the two species. My specimens certainly run into each other, 
so that although I can lay out the typical forms, it is not so easy to draw the line 
across the gradation. The more common form is one finely costate behind and 
with one or two large ribs in advance. 

PANDORA. Brug. 
P. inconspicua. Gabb. n. s. 
Shell small, inequivalve, very inequilateral; beaks small, about one-fourtlh of the length from the anterior end 

cardinal margin gently sloping, straight behind; base broadly convex. Right valve convex, with a sharp angular ridge 
runnilng posteriorly from the beak, and sometimes a faint groove above it. Left valve concave, angulated on the 
posterior cardinal margin. Length .3 inch, width one inch. 

The smallest species of the genus with which I am acquainted. It is almost 
always found in a denuded or otherwise injtured condition, where the other fossils 
are remarkable for the beauty of their preservation. It belongs to the true genus 
Pandora as restricted by Carpenter. 

MACTRELLA. Gray. 
M. alata. Spengl., sp. 
Mactra alata. Spengl., Skriv. Nat., Vol. V., part 2, p. 99. 
Mactrella, id. Gray, H. and A. Ad. 

A few small specimens which agree perfectly with recent shells in the Academv's 
collection. It is stated by Reeve to be a West Columbian species. 

RAETA. Gray. 
R. canaliculata. Say. sp. 
Lutraria canaliculata. Say., Jour. Phil. Acad., Vol. II., p. 311. 
Raeta, id. Gray, Adams. 

A single half-grown specimen, wyhich seems rather broader posteriorly than is 
common in this species. 

TELLINA. Linn. 

T. (Peronwoderma) p u n i c e a. Born, p. 33, pl. 2, fig. 2. 

A common shell on both sides of the Isthmus. My specimens are broader and a 
little more rounded posteriorly than the recent form. It is possible that they may 
constitute a distilnet species. They agree in size and sculpture. 

T. (P.) a 1 t e r n a t a . Say., Jour. Phil. Acad., 2 ser., Vol. II., p. 274. 

Agrees perfectly in form, size and sculpture with the recelnt shell. 
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T. (P.) min uta. Gabb, ni. s. 
Shell small, sub-oval; beaks central; anterior end and base broadly rounded ; base sloping up behind very slightly 

sinuous; posterior margin arched and uniting with the base by aln angle; surface polished, convex and without a pos- 
terior ridge; hinges with two strong lateral teeth in right valve; none in the left; primary teeth small. 

About half the size of T. G&uadalupensis, very much rounder and without the 
posterior ridge of that species. 

T. (Mcera) c u n e a t a. D'Orb., La Sagra, pl. 26, fig. 21-23. 

T. (Arcopagia) fa us t a. Donov., Vol. III., pl. 98. 

T. (Macoma) con stricta. Brug., Mem. Soc., N. H., 1792, p. 126. 

Living from U. S. to Brazil. 
STRIGILLA. Turton. 

S. pisiformis. Linn., sp. 
Tetlina, id. Linn., Syst. Nat., p. 1120. 

Living in the West Inidies. 
TELLIDORA. M6rch. 

T. crystallina. Chemn., sp. 
TelWlina, id. Chemn., Vol. XI., 210, fig. 1947, 1948. 

Livilng in the Panama province. 
DONAX. Linn. 

D. aequalis. Gabb, n.s. 
Shell small, triangular, beaks central, the two sides sloping equally to the ends; base broadly and evenly cotvex; 

truncation of the anterior end broad, bordered by a rounded angle; surface polished, obsoletely sculptured by radia- 
ting lines; inner margin of base and anterior end crenulated, the teeth on the basal margin being larger than those 
above. Lelngth .25 inch, width .2 inch. 

A single valve still more regularly triangular that the larger D. deltoides. Its 
central beaks will distinguiish it from all knowni species. 

VENUS. Linn. 

V. magnifica. Hanley, Thes. Conch., Venus, p. 704, pl. 153, fig. 5. 
I have compared my fossils with authentic recelnt specimens of the Philippine 

Island shell, and can find no difference between themn. 

CHIONE. Megerle. 

C. p a p p i a. Linin., sp., Syst. Nat., p. 1129. 
C. Guppyana. Gabb, n. s. 
Shell sub-circular, swollen beaks anterior, base and extremities regularly rounded; posterior cardinal margin 

arched and bordered by a narrow flat space; lunule surrounided by an impressed groove; surface sculptured by 
numerouis equal radiating ribs, crossed by rather closely placed concentric waved lamellae. 

The form of this slhell is nearest to V. toreuma. In its sculpture it resembles C. 
WValli, and C. Woodwardi of Guppy, but cain be at once distinguished from them by 
its rounid form. 

A. P. S. -VOT-. XV. 3K. 
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250 ON THE TOPOGRAPHY AND GEOLOGY 

C. circinata. Born, sp. 
Venus, id. Born, Test. Mus., p. 61, pl. 4, fig. 8. 

Cythe1eeajuncea. Guppy, Quart. Jour., Vol. XXII., p. 582, pl. 22, fig. 13. 

Reeve is probably incorrect in referring this species to Mazatlan. There are West 
Indian specimens in the Mus. Phil. Acad., which I have used for comparison. 

CALLISTA. Poli. 

C. p1 an iv i e t a. Guppy, Quart. Jour., Vol.. XXII., p. 292, -pl. 18, fig. 3. 

C. acuticostata. Gabb, n. s. 
Shell rounded sub-triangular, beaks pointed, about a third of the length from the anterior end which is excavated 

above and prominently rounded below; base regularly convex; cardinal margin gently arched; posterior end narrow; 
lunule minute, slightly sunken, internal margin entire. Surface covered with closely placed, acute, erect plates. 

In form this shell approaches M. juncea, but it is less convex, the lunlle is very 
much smaller, it is more acutely pointed behind and the concentric ribs are more 
numerous and have not the intermediate striatioln. 

C. Carbasea. Guppy, sp. 
Cytherea (Circe) Carbasea. Guppy, Quart. Jour., Vol. XXII., p. 292, pl. 18, fig. 13. 

C. Tryoniana. Gabb, n. s. 
Shell rounded tria-ngular; beaks anterior; oardinal margin arched; base deeply convex; anterior end narrowly 

rounded, straight in the lunular region; lunule large not sunken, bordered by an impressed line; surface smooth in 
the young, in the old covered by numerous small, rounded concentric ribs. 

A very little smaller than M. jutncea, this shell differs markedly in its lunule and 
surfaces and slightly in outline. It is more produced in front and more narrowly 
rounded; in that species the lunular region is concave. 

CYCLINA. Desh. 
C. cyclica? Guppy, sp. 
Dosinia, id. Guppy. Quart. Jour., Vol. XXII., p. 582, pl. 22, fig. 15. 

I have a single shell about half the size of the one figured by Guppy, and whiclh 
differs slightly from his in outtline. It is possibly a different species but I do not feel 
warranted in proposing a new name on such ilnsufficient material, especially since 
I cainot get at the hinge. 

CARDIUM. Liiin. 

C. (Trachyeardium) s u b- e l o n g a t u m. Sby., Proc. Zool. Soc., 1840. 
C. sub-elongaturn. Rve. Icon., sp., 57. 
C. lingua-leonis. Guppy, Quar. Jour., Vol. XXII., p. 293, pl. 18, fig. 7. 

The Santo Domningo specimens agree perfectly with living shells from the sur- 
rouniding waters. 

C. (T.) Dominice nse. Gabb, un. s. 
Shell elongate, cordiform, convex, thin; umbones promineit; surface ornamenited by nearly 60 small sub-squa- 

mose ribs, the lateral ones bearilng minute tubercles; edges serrate. 

Of the size and form of C. sub-elongatum, this species differs in being, mibch 
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OF SANTO DOMINGO. 251 

thinner and in having twice as many ribs. It is possible that perfect shells may show 
tubercles over the entire surface, the middle of my single specimen being somewhat 
worn. 

C. (Serripes) b u Il l a. Gabb, n. s. 
Shell sub-circular, thin, compressed, umbones small, posterior side a little more produiced than the anterior. 

Surface marked only by lines of growth. Diameter 1.7 inch. 

Not unlike C. (S.) Grcenlandicum, but flatter ancd more circular. 
C. (Laevicardium) v e n u s t u m. Gabb, n. s. 
Shell oblique cordiform, convex; umbones larger; anterior end rounded; posterior obliquely produced; surface 

marked in the middle by very numerous minute radiating ribs; anterior and posterior ends smooth. Length about 
1 inch. 

Nearest to C. oblongum, but much shorter, more expanded posteriorly and with 
much finer ribs. 

C. (Fragum) H a i t e n s e . Sby., Qizart. Jour., Vol. VI., p. 52, pl. 10, fig. 11, 
C. laitense. Guppy, Quart. Jour., Vol. XXII., p. 293. 

Like C. media, but with much fewer ribs. 

CHAMA. Brug. 
C. macro phylla. Chemn., Conch. Cab., Vol. VII., p. 149, pl. 52, figr. 514, 515. 

C. a r c i n e I I a. Linn., Syst. Nat., (12 Ed.), p. 1139. 

The fossil specimens are peculiar in that their spines are always small, amounting 
hardly to more than tubercles. 

LUCINA. Brug. 
L. Jamaicensis. Chemn., sp. 
Venus, id. Chemn., Conch. Cab., Vol. VII., p. 24, pl. 38, fig. 308, 309. 

L. Ant illarum. Rve., Icon., sp., 37. 

L. tigerina. Linn., Syst. Nat., (Ed. 12), p. 1133. 
L. costata. D'Orb, La Sagra, pl. 47, fig. 40, 42. 

L. den tata. Wood, Gen. Conch., 195, pl. 46, fig. 7. 
For the abundant synonymy of this species, see Tryon., Pr. Phil. Acad., 1872, p. 85. 
L.c r e n u at a. Con. Foss. Med. Tert., p. 39, pl. 20, fig. 4. 

Fossil ini tlle miocene cf Virginia and living on the coast of the United States. 
L. Yaquensis. Gabb, n. s. 
Shell minute, convex, sub-translucent; beaks central, prominent; hinge line deeply excavated under the beaks, 

sloping, slightly convex behind; base and ends reguilarly rounded; hinge tlhin, teeth well developed; internal margin 
minutely crenulated. Surface marked by small concentric lines. 

About the size of L. crenulata, this shell is much thinner and more globose. It is 
less excavated in front of the beaks, and the internal edge is orniamented by much 
finer crenulations. 

LORIPES. Poli. 
L. e d e n t ul a. Linn., Mus. Ulric., p. 74. 
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252 ON THE TOPOGRAPHY AND GEOLOGY 

MYSIA. Leach. 
M. capuloides. Gabb,n.s. 
Shell small, thin, globose, anterior nearly circular, sliglhtly compressed across the hinge margin; beaks small, in- 

curved; umbones very large, giving to sinlgle valves a form not unlike that of shells of Capulus. Surface polished 
and ornamented by minute concentric striT. Diameter about .2 inch. 

M. sub-quadrata. Gabb, n. s. 
Shell small, thin, moderately convex; outline rounded sub-quadrate, length and width about equal, beaks small, 

prominent, hinge line sloping equally on both sides. Surface smooth. 

About the size of the preceding, but distinguished by its comparatively square 
form and the absence of the enormous umbones. 

ERY CINA. Reel. 

E. t e n s a. GuLippy, Quart Jour., Vol. XXII., p. 582, pl. 22, fig. 6. 

GOULDIA. Adams. 
G. Martinicensis. D'Orb, sp. 
Crassatella, id. D'Orb, La Sagra, pl. 27, figr. 2t-23. 
Gouldia, id. H. and A. Ad., Genera, Vol. II., p. 485. 

CRASSATELLA. Lam. 

C. Ant illarum. Rve., Zool. Proc., 1842, p. 44; Icon. sp., 8. 

I have a silngle valve, well preserved and which differs from recent specimens in 
being straighter in the lunular region, and more obliquely trLuncated behind. It is also 
regularly marked with concentric furrows. The sculpture is not conistant in this 
genus, and the differences of outline are not sufficient to permit me to separate it on 
a single specimen. If however, these differences should prove to be constant, the 
fossil form might be separated under the name of C. Reevei. 

CARDITA. Brug. 

C. scabricostata. Guppy, Quart. Jour., Vol. XXII., p. 293, pl. 18, fig. 10. 
The figure does nlot partake of the usual excellence of Mr. Guppy's illustrations. 

The shell is placed in a false position, and the correct number of ribs is not given. 
The blame, however, can hardly rest upon the author since he was probably in Trini- 
dad when the plate was drawn in London. I mention the inaccuracy in no spirit of 
hypercriticism, but that other students may not be misled by it. 

CRENELLA. Brown. 
C. divaricata. D'Orb., sp. 
NTuculocardia divaricata. D'Orb., La Sagra, pl. 27, fig. 56-59. 
Crenelba, id. H. and A. Ad. Gen. Rec. Moll., Vol. II., p. 515. 

MODIOLA. Lam. 
M. sp. ? 

Two minute specimens. too small for satisfactory determination. 
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OF SANTO DOMINGO. 253 
LITIIOPHAGUS. Muhllf. 

L. corrugatus. Phil., sp. 
Miodiolo corrugata. Philippi Abbild., Vol. II., p. 147, pl. 1, fig. 1. 
Lithodomus, id. Rve. Icon. sp. 1. 
Lithodomus Antillarum. D'Orb., La Sagra, pl. 28, fig. 12, 13. 
Not L. Antillarum. Philippi. 

Found boring coral at Cevico anid elsewhere at the extreme top of the formation. 
I have liever founid it in the shales of a lower horizon. 

L. u.s. 

A second species, about an inch long, apparently near]y cylindrical, regularly 
rounded at the posterior end and without transverse corrugations, occurs in the corals 
west of Santiago. I have never succeeded in breaking it out in sufficienltly perfect 
condition for description. 

AVICUJLA. Brug., Lain. 
A. i n o r n at a. Gabb, n. s. 
Shell small, oblique, convex; anterior ear small, triangular, posterior moderately long, acuminate; surface 

smooth, without ornament. Length 1 inch. 

In shape and in the character of its ears, this shell is nearest to A. Tarentina, ex- 
cept that it is not so produced below. The anterior margin is also a little less convex 
immediately below the ear. There is a similar shell in the Museum of the Philadelphia 
Academy, without a name, labelled " Coast of Brazil." It is probably this species, 
but I cannot find it in any of the books. From A. cornea, Rve., it can be distin- 
guished by its smaller posterior ear, its less obliquity and its more convex form. 

PINNA. Linn. 
P. sp. ? 

A single little fragment, only sufficient to recognize the genius. 

ARCA. Linn. 
A. (Anadara) g r a n d i s. Brod. and Sby., Zool. Jour., Vol. IV. 
A. Patricia. Sby., Quart. Jour., Vol. VI., p. 52. 
Area, very like grandis, Moore, Quart. Jour., Vol. IX. 
In his description, Sowerby dwells so carefuilly on the difference between the fossil 

and Paniama shell that I have taken the pains to make a very careful comparisoni 
between the two. The species is exceedingly common, and I have it of all sizes fiom 
that of a pea to six inches in length. The base is not more convex thani the recenit 
shell; there is no difference in the hinige more than occurs between individuals of 
different ages; and on carefully counting the ribs in a series of each, I can find no 
difference in their number, form or arrangement. 

A. (Anadara) c o n s o b r i n a. Sbh., Quart. Jouir., Vol. VI., p. 52, pl. 10, fig. 12. 
Anomnalocordia Floridana. Con. AIm1. Jour. Conch., Vol. V.; p. 108, pl. 13, fig. 12. 

There can be no doubt of the above synonymy silnce I have used Mr. Conrad's 
A. P. S.-VOL. XV. 3L. 
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254 ON THE TOPOGRIAPHY AND GEOLOGY 

original specimen in the comparison. We have therefore another supposed extinct 
species brought to light on our Gulf coast. 

A. i m b r i c a t a . Brug., Enc. Meth., 1789, p. 98. 
A. Americana. D'Orb. (not Gray), La Sagra, pl. 28, fig. 1-2. 
A. Noce. Guppy (not Linn.), Quart. Jour., Vol. XXII., p. 293. 

Brugiere's species is said by Reeve to come from the East Indies. There are 
recent specimens of this species in the Museum Philadelphia Academy, labeled St. 
Thomas, and on comparing them with the descriptioni in Icon. Conch. (the figure is 
valueless), they agree in every detail. D'Orbigny's name is preoccupied by Gray, so 
the species must either be called by Brugiere's name, or there is an opportunity for 
somebody to propose a new one. I do not feel warranted in separati'ng it from A. im- 
bricata,- unless the West Indian shell should prove different from the Oriental. 

A. (Anadara) P e nn e ll i. Gabb. 
Shell sub-quadrate, widening posteriorly, very oblique; beaks a little less than a third of the length from the 

aniterior end, approximating ; area very narrow, wider in front of the beaks than behind; base convex, sloping up- 
wards continuously with anterior end; posterior end broadly rounded sub-truncate; surface marked by about 35 
square ribs, slightly beaded in the young shell. Length 1.4 inch, width 1. inch, diameter 1.05 inch. 

The most abundant of the Santo Dominigo Arcas, this species can be at once dis- 
tinguished by its oblique and very convex form. It is nearest to a shell which I find in 
the Museum Philadelphia Academy, labeled A. lobata, Rve., but which I cannot find 
in the books. It is more oblique and more convex than that species, with the beaks, 
more anterior. That has 28 ribs, while this has 35. In this the ribs are of uniform 
size, while in that species the posterior ribs are broader than the others. 

Named after Mr. A. Pennell, the chief topographical assistant in the suirvey. 

A. multilineata. Gabb, n. s. 
Shell small, obliquely oval, very convex, length and breadth about equal; beaks small, anterior, approximate, 

hinge line a little shorter than the shell, area broad in advance of and underthe beaks, very narrow behind; posterior 
end broadly rounded ; base conivex and curving upwards regularly to the anterior end; surface ornamented by about 
60 small square ribs, slighltly crenulated by sub-squamose lines of growlth. Hinge composed of regular transverse 
teeth, those of the two endsaradiating outwards. Internal margin not crenulated. 

A little less than a half inch in diameter, recogniizable by its thin globose shape 
and its numerous ribs. In this latter character it approaches A. centenaria among the 
recent forms, but it differs from that in. its rounder form. It is also allied to some of 
the Cretaceous species. 

BARBATIA. Gray. 
B. Bonaczyi. Gabb, n. s. 
Shell elongated, compressed ; very inequilateral; beaks barely more than a fourth of the length from the anterior 

end; approximating; umbones broad; hinge line moderately long; anterior end rounded; posterior end produced, 
sloping above; base undulated, area long and narr6w. Surface marked by numerous small radiating ribs; more or 
less grooved and sometimes minutely beaded. Length 1.5 inch. 
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OF SANTO DOMINGO. 255 

Nearest to B. barbata, but with the beaks much nearer the aniterior end; and with 
the posterior end more produced and sloping. 

AXINAEA. Poli. 
A. acuticostata. Sby. sp. 
Pectunculus acuticoqtatus. Sby., Quart. Jour., Vol. VII., p. 53, pl. 10, fig. 13. 
Id. Guppy, loc. cit., Vol. XXII., p. 293. 

A. pennacea. Lam.sp. 
Pectunculus pennaceus. Lam., A. S. V. (Desh. Ed.) Vol. VI., p. 490. 
Id. Guppy, Quart. Jour. Geol. Soc., Vol. XXII., p. 293. 

A. approximans. Gabb, n. s. 
Shell small, obliquely sub-circular, posterior basal region slightly produced; beaks small, almost in contact 

area very small, not more than half as long as the shell and very narrow; surface marked by about forty square ribs, 
crossed by prominent lines of growth. Hinge strong, archled, teeth few; basal and lateral margins cr6nulated, tlle 
teeth corresponding with the external ribs. Diameter .4 inch. 

Recognizable by its slightly oblique form, inumerous ribs, anid unusually small 
area. 

LIMOPSIS. Sassi. 
L. ovalis. Gabb, n. s. 
Shell obliquely oval, posterior portion of the base produced; beaks central, small, area moderate in size, smooth, 

ligament pit deep. Surface crossed by concentric ribs and finer radiating lines. Internal margin smooth; hinge 
strong, teeth few. 

About the size of the preceding species. This shell is remarkable for its oblique 
form. Young specimens are nearly circular, but as they grow older the inicrease is 
gleater on the posterior side anid base, so as to render the adult outline decidedly 
obulique. 

NUCULA. Lam. 
N. tenuisculpta. Gabb, n. s. 
Shell minute, obliquely rounded triangular; surface marked by very numerous minute radiating lines, barely 

visible on some specimens; inner margin minutely crenulated. Length 1 inch. 

N. (Acila) tub erculata. Gabb, n. s. 
Shell obliquely rounded-triangular, convex; anterior end nearly straight, base -convex; surface marked by 

radiating stripe and by small tubercles arranged in regular quincunx; on both the anterior and posterior enids these 
tubercles are replaced by rounded ribs which curve upwards to the margins. Anterior end occupied by a large lunule 
bordered by an impressed line. 

This peculiar little shell is .distinguished by its remarkable sculpture. The 
tubercles seem to be produced by the decussation of two sets of oblique ribs, under 
all of which lie a series of filner strive radiating from the beaks to the base. 

LEDA. Schum. 
L. a c u t a. Gabb, n. s. 
Shell elongate, convex; beaks central; anterior end rounded, base broadly convex; posterior end acute, hinge 

slightly concave from the beaks to the posterior end. Surface marked by regular rounded concentric ribs. Length 
.35 inch. 

YOLDIA. Moll. 
Y. o v a I i s. Gabb, n. s. 
Shell smiall, compressed, sub-elliptical; beaks slightly in advance of the middle; hinge line sloping gently, base 
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256 ON THE TOPOGRAPHIY AND GEOLOGY 

and ends rounded; surface smooth or bearing a few faint impressed concentric lines on the anterior part near the 
base. Lelngth .35 inch, width .15 inch. 

PECTEN. Linn. 
P. opercularis. Linn., sp. 
Ostrea, id. Linn. 
Pecten, id. Lam. Rve. Icon. sp. 54. 

Some worn specimens, with the sculpture eroded fiom the ribs, agree in all acces- 
sible details with this common European species. 

This fossil is found, inot only in the usual localities in the Cibao, but also occurs 
near Sanl Cristobal. 

P. i n e q u a l i s. Sby., Quart. Jour., Vol. VII., p. 52. 
Id. Guppy, Quart. Jour., Vol. XXII., p. 294, pl. 18. fig. 6. 
Slightly inequivalve, ribs rounded. 

Common in the Cibao, and fouind by Mr. Bonaczy at Loma Cristilia on the sbuth 
side of the Island, niear San Cristobal. 

P. oxygonum. Sby., Quart. Jour. Geol. Soc., Vol. VI., p. 52. 
P. exasperatus. Guppy, loc. cit., Vol. XXII., p. 294. 

This species may be, as Mr. Guppy thinks, a variety of exas peratus, but it seems 
to me rounder, with smaller ears, and with two or three 'mOore ribs. 

P. the t i di s. Sby., Quart. Jour., Vol. VII., p. 52. 

Two varieties of this shell occur, with the same form and number of ribs. The 
first has the ribs square, with a longitudilal groove, or the angle of the rib is ex- 
tended into a roughened ridge which stands erect. The other variety has the rib 
also flat or grooved, but the angular ridge is -well marked and stands out laterally. 

P. eceentricus. Gabb, n. s. 
Shell slightly inequivalve, sub-circular, oblique, ears small, surface covered with twenty-two flat ribs, sometimes 

slightly grooved, and with concave interspaces. Diameter 1 to 1.5 inch. 

Nearest to P. irradians, Lam., but more oblique, anid with broader, flatter ribs. 
P. augusticostatus. Gabb, n. s. 
Shell small, elongated sub-circular, equilateral; ears small; base and sides regularly curved; surface marked 

by about twenty-three prominent, very narrow and acute ribs. 

Of the size and general style of P. oxygonum, this shell is distinguished by its 
peculiar ribs, which have a narrow, almost kniife-like edge. 

P. interlineatus. Gabb, n. s. 
Slhell sliglhtly convex, nearly equilateral, base and sides evenly rounded; ears large, radiately ribbed ; surface 

marked by about eighteen round or sub-angulated ribs, with a single small line in each interspace. Length 1 inch. 

About the size of the preceding, this shell is longer and flatter, with a nmalked 
difference in the character of the ribs. 

P. m a g n i fi c u s. Sby., Proc. Zool. Soc., 1835, p. 109. 

A single specimen was found by Mr. Bonaczy. I cannot find anly difference 
between it and the Columbian shell. 
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OF SANTO DOMINGO. 257 

JANIRA. Schum. 
J. soror. Gabb, n. s. 
Shell sub-orbicular, nearly equilateral, very inequivalve; ears nearly equal; right valve very convex, left valve 

concave; surface marked by about twenty-two square radiating ribs, crossed by fine squamose lines of growth. 
Length 1.9 inch. 

Allied to J. Jacobceus, J. maxima, and J. media, but different fiom them all in the 
greater number and minnutely squamose character of its ribs. 

PLEURONECTIA. Sw. 
P. papyracea. Gabb, n. s. 
Shell discoidal, sub-circular, very slightly longer than wide; slightly inequivalve; ears nearly equal; surface 

perfectly smooth, or marked only by faint lines of growth; internal surface marked with small double radiating ribs. 
Length from beak to base 2.2 inich, width 2 inches. 

A very distinct species, witlhout any of the radiating lines of the living West 
Indian smooth Pecten. 

SPONDYLUS. Lam. 

S. Americanits. Lam., A. S. V., Vol. VII., p. 185. 

My specimens agree perfectly with those from the coast of Florida, and usually 
the lower valve is immensely developed, the spines small anid fiequently equaled in 
size by transverse squamose plates. The upper valves usually bear long spines, lnot 
much expanded. 

S. b o s t r y c h i t e s. Guppy, Proc. Sci. Assn., Trinidad, 1867, p. 176. 
S. bifrons. Sby. (not Goldf.), Quart. Jour. Vol. VI., p. 53. 
A beautiful convex, almost equivalve, Pecteniform species with remarkably narrow 

areas and a thin shell. 
PLItATULA. Lam. 

P. cristata. Lam., A. S. V., Vol. VI., p. 185. 

A single specimen in excellent condition and the valves yet in contact. 

ANOMIA. Linn. 

A. ephippium. Linn., Syst. Nat., p. 1150. 

A single large specimen, nearly two inches in diameter. 

OSTREA. Linn. 
0. Virginica. Gruel. 

This species is not rare, and usually grows to a length of about five inches. 
0. H ayten si s. Sby., Quart. Jour., Vol. VI., p. 53. 
0. Veatchii. Gabb, Pal. Cal., Vol. II., p. 34, pl. 11, fig. 59; pl. 17, fig. 21. 
0. Virginica. Guppy (not Gr-uel), Quart. Jour. Vol. XXII., p. 577. 

Mr. Guppy is certainly wrong in considering this species eveni closely allied to 
Virginica. Hardly any two species in tlhe genus are more remote from each 
other. He must have confounded a plicate variety of 0. Virginica, which is not 
rare, with Sowerby's description. Thanks to an excellent lithographer, my figure in 
Pal. California, pl. 17 of Vol. II., gives a very clear idea of the species. Although 

A. P. S.- VOL. XV. 3M. 
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258 OX TITE TOPOGRAPHY AND GEOLOGY 

living in the Tertiary seas which divided North from South America, it is now, so 
far as we know, extinct. At the time of writing my second volume of the California 
reports, I was not acquailnted with Sowerby's two-line description, anid thus, un- 
fortunately made a synonym. 

In addition to these two species there are valves indicating two or perhaps three 
other species of small oysters, among which one appears to be the common Mangrove 
oyster, O.frons L. (litnacella, Lam.) 

I have also two or three undeterminable species.-of Mactras and Tellinas. 

List of the Post Pliocene Fossils from the Antillite or " Coast Limestone" Beds near 
Miacoris. Collected by Mir.Bonaczy. 

Murex r e c u r v i r o s t r i s. Brod., Proc. Zool. Soc., 1832. 

M. p o m u m. Gruel., Syst. Nat., p. 3527. 

M. he xagonus. Lam., A. S. V., Vol. IX., p. 585. 

Tritonium c o mm u t a t u m. Dhr. 

Lagena cingulifera. Lam., A. S. V., Vol. IX., p. 384. 

Columbella mercatoria. Litin., s. p., Gmel., Ed., p. 3446. 

Cypra s p u r c o i d e s. Gabb, supra. 

Cyphoma g i b b o s a. . Linn. 

Cerithum p i c t u m. Wood, Ind. Test. Supp., pl. 5, fig. 4-5. 

Turritella e x o l e t a. Linn. sp., Gruel., Ed., p. 3607. 

Petaloconchus s c u 1 pt u rat u s. Lea. ? Tr. Am. Phil. Soc., Vol. IX., p. 230. 

Attached to the Cerithium is a partially spiral tube with the external sculpture of 
this species. 

Lucapina alt e r,nat a. Say. sp., Jour. Phil. Acad., 1 Ser., Vol. II., p. 224. 

Scurria mit r a. Esch. sp., Zool. Atl., 1833, p. 18, pl. 23, fig. 4. 

Rocellaria. sp. ? 

A broken specimen; indeterminable. 

Corbula c a r i n i fe r a. Gabb, n. s. 
Shell sub-quadrate, convex; beaks central, anterior end sloping above, rounded below, base slightly sloping 

upwards posteriorly; posterior end obliquely sub-triangular; a shlarp erect rib running from the beaks to the base 
on the umbonal angle, with a less marked one behind it, becoming gradually obsolete as the shell grows older; 
surface marked by small regular concentric ribs. 

Nearest in size and form to C. Lavaleana, d'Orb., from which it can be distin- 
guished by its being much less produced posteriorly, and by the peculiar erect rib 
on the umbonal ridge. 
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OF SANTO DOMIN(GO. 259 

Tellina (Arcopagia) f a u s t a. Donovan, Vol. III., p. 98. 

Semele variegata. 

I find a shell in the Mus. Phil. Acad. mar-ked by this name, from the Coast of 
Brazil, identical with one of rny fossil species, but have failed to find it in the books. 

Venus multi costa t a. Sby., Proc. Zool. Soc. 1835, p. 22. 

V. (Lioconcha) h i e r o g l y p h i c a. Con., Jour. Phil. Acad., Vol. VII., p. 253, pl. 19, fig. 22. 

V. cancellata. Linn., Syst., 12 Ed. p. 1130. 

Cardini (Liocardium) s err at u m. Linn., Syst., 12 Ed., p. 1123. 

C. (Trachyeardium) i s o c a r d i a. Linii., loc. cit. 3249. 

C. (Hemicardia) medium. Linn., loc. cit. 1121. 

Chama m a c r o p h y ll a. Chemn., Conch. Cab., Vol. VII., p. 149, pl. 52. 

Lucina i m b rica t u 1 a. C. B. Ad., Proo. Boston, Vol. II., p. 9, fi,. 514, 515. 

Lithophagus c o r r u cg a t u s. Phiil. sp., Abbild. Vol. II., p. 147, pl. 1, fig. 1. 

L. appendiculatus. Phil. sp., loc. cit. p. 150, pl. 1, fig. 6. 

Arca No ae. L. Syst. Gmel. Ed., p. 3306. 

Barbatia v e 1 a t a. Sby., Proc. Zool. Soc., 1833. 

Axinaea s e r i c a t a. Rve. sp., Proc. Zool. Soc., 1843. 

Spondylus longitudina is. Lam., A. S. V., Vol. VII., p. 190. 

Ostrea Virginica. Gmnel. 

The typical long variety, showing a few radiations on the beaks occasionally, 
occurs not only at Macoris, but also at one or two localities in the province of Seybo 
along the ancient Post Pliocelne shore-line. Beds of a small thin-shelled oyster, 
pirobably a local variety, oceLr on the Banii coast road, just west of the Nigua River, 
where the coast gravels merge into the old border reef of calcareous matter. The 
oyster-bed was evidently on the shore flank of the reef. 

0. r h i z o p h o r ae. Guild., Zool. Jour., VoL III., p. 542. 

0. f Q I i u m. Gmel., Syst. Nat. 

This species, like the other two, is still abulndant on the coast. I believe it to be 
identical with O.frons. 
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