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PREFATORY NOTE.

—_——

TrIS volume is the result of two journeys made by myself
in Brazil. The first was undertaken under the direction of
Professor Agassiz in connection with the Thayer Expedition
in the years 1865 and 1866. On this journey I studied very
carefully the Geology and Physical Geography of the coast
between Rio and Bahia, going over a very large part of the
ground on horseback or in canoe. As a sketch of the jour-
ney is to be found in the ¢ Journey in Brazil,” it is not ne-
cessary to repeat it here. My companion was Mr. Edward
Copeland, of Boston, one of the volunteer aids of the Expe-
dition, and I take pleasure in acknowledging my indebted-
ness to him for the very valuable assistance he rendered me.
On this journey Mr. Copeland and I made very large collec-
tions of marine invertebrates and fishes, though we did not
neglect to secure other objects of natural history. I hope
that these collections will throw much light on the fresh-
water and marine animals of the coast, and, as they were
made at frequent intervals between Bahia and Rio de Ja-
neiro, that they will prove valuable in the study of the
distribution of these animals. My studies of the stone
and coral reefs and of the geology of Brazil proved so very
attractive to me that on the year following I returned to
Brazil, and spent my vacation, several months, in examining
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the coast between Pernambuco and Rio, exploring more
particularly the vicinity of Bahia and the islands and coral
reefs of the Abrolhos. I was aided pecuniarily on this
second expedition by Mr. John Lockwood, of the Adelphi
Academy, Brooklyn, the New York Association for the Ad-
vancement of Science and Art, and the Cooper Institute ;
but my thanks are especially due to Miss Chadeayne, the
principal of an excellent ladies’ school in Jersey City, to
Mr. Van Nostrand, of Newark, to my friend Major O. C.
James, of Bergen, without whose generons aid I should not
have accomplished my expedition and brought home my
voluminous ecollection, and to Mr. J. E. Mills, and Mr. R.
L. Dugdale, of New York.

I wish that I could adequately acknowledge the innumer-
able kindnesses and attentions I have received from Captains
Tinklepaugh and Sloeomb, and the officers on the splendid
steamer of the generous Messrs. Garrison and Allen, and
from a hundred kind friends in Brazil. The hospitality with
which I was everywhere received in Brazil, and the assist-
ance offered me wherever I went in the prosecution of my
studies of the country, have made me love the land of the
Sabid, and it is my sincerest wish in acknowledgment of
so much kindness to be to some humble degree instrumental
in removing false impressions so current about Brazil, and
to make the resources of the Empire better known in Amer-
ica. In the course of the following pages I shall have
frequently opportunity to acknowledge the aid not only of
Brazilians, but of foreigners resident in the country.

This volume was intended at first as a report to Professor
Agassiz as the Director of the Thayer Expedition, embra-.
cing simply the results of my explorations as a geologist
of that expedition, together with those of my second inde-
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pendent journey, both reports to be published among the
contributions of the Thayer Expedition. During the prep-
aration of these reports, and in consequence of the delay in
publication, I have had the opportunity of examining more
or less critically the works of the majority of the writers on
Brazil, and the volume, from a simple report of my own in-
vestigations, has grown to a general work, in which I have
incorporated the best results of others who have written on
the Geology and Physical Geography of Brazil. I have to
acknowledge valuable contributions to this volume from
Messrs. J. A. Allen, Orestes H. St. John, and Thomas Ward,
all of whom were employed on the Thayer Expedition. Iam
indebted to Professor Jeffries Wyman for an interesting com-
munication with reference to a Botocudo skull, and to Pro-
fessor Alpheus Hyatt for his valuable paper on the Creta-
ceous Fossils of Maroim ; Professor O. C. Marsh has kindly
examined and described in the Journal of Science a few
reptilian remains I collected at Bahia, Professor Verrill de-
scribed the radiates of my second journey, and Mr. S.J. Smith
has published a valuable paper on the Crustacea of the same
journey. Professor Marsh’s paper I have given almost en-
tire. From Professor Verrill’s I have drawn largely, and I
have given the general results of that of Mr. Smith. A part
of the chapter on the Coral Reefs appeared in the American
Naturalist, together with several of the wood-cuts, which
have been kindly lent me for this volume. I must ex-
press my thanks to Messrs. Putnam, Packard, Morse, and
Hyatt, of the Peabody Academy, for valuable assistance ren-
dered.

Professor Agassiz has generously allowed me the use of
books, maps, and photographs, and has assisted me in vari-
ous ways. I regret exceedingly that his illness has pre-
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vented him from preparing for the work the paper on the
fishes which he contemplated.

In the recent excellent work ¢ On the Highlands of the
Brazil,” by Captain Burton, the celebrated African traveller,
now English Consul at Santos in the Province of Sdo Paulo,
the author uses throughout the definite article prefixed to
the name of the Empire. Burton says, “I do not call the
country ¢ Brazil,” which she does not; nor does any other
nation but our own.” * Captain Burton’s reasoning does
not seem to me quite conclusive. It is true that the Portu-
guese say “o Brazil, the Brazil,” but the article is not
prefixed to give any particular definiteness to the name.
They say also a Inglaterra, a Franga, o Paraguay, &c., the
definite article being applied to almost all names of places.
So we have in French le Brésil, la France, I Angleterre. In
Italian the definite article is used before the name of a
country when the whole of it is meant, but ordinarily it is
not employed. In Spanish it is used much as in French.

Since the Brazilians use the article before the names of
other countries as well as their own, in accordance with a
custom followed by other Romance languages, there would
seem to be no better reason for saying The Brazil, contrary
to English usage, than ¢ The France,” because the French
do. 1t is true that many English writers on Brazil have used
the article, but the majority have not, and no one but Bur-
ton uses it to-day. ¢ The Brazils,” as that author has re-
marked, is an anachronism occasionally seen, but enly
proper between the years 1572 and 1576, when the country
was divided into two governments. It is more high-sound-
ing than the ordinary form, and so probably remains in use.
In the North European languages, German, Hollandish,

* Vol. L p. 8, note.
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Danish, or Swedish, the name is derived from the Latin form
Brasilia; * in Danish and German, Brastlien. In like man-
ner we have the German Ifalien, Sicilien, &c. In none of
these languages is the article used. I have followed in this
work the common usage, and have omitted the article.
The use of the article before the names of places in Brazil
s very puzzling, and foreigners writing on the country arec
sure to commit blunders. The names of the provinces are
especially difficult. Several of them are derived from rivers,
as Amazonas, Para, Parahyba, &c., and these take the article
in Portuguese, as do Ceara, ‘Alagbas (plural), Bahia, and
Espirito Santo ; but those bearing the names of saints, to-
gether with Pernambuco, Sergipe, Minas Geraes, Matto
Grosso, and Goyaz, do not. The same difficulty is met with
in the names of rivers, serras, &c., and it is impossible to
give a general rule to guide one in writing them. Most
writers seem to be impressed with the idea that Portuguese
is only bad Spanish, and that it will do just as well to write
Brazilian names in the Spanish form ; so we find some of
our best authors on Brazil using San Francisco for So
Francisco. The only safe way seems to be to give geogra-
phical names exactly as used by the Brazilians themselves.
Brazil, in its climate, people, and productions of all kinds,
was at the time of its discovery totally different from Europe.
The European colonists in Brazil therefore had no names to
give to the things they saw about them. Such was not the
-case in North America, where the early explorers found
animals and plants resembling those of Europe, and they
recognized the bear, the wolf, the codfish, the herring, the
oak, &e., &e. But in Brazil all was new, and the euphoni-

* Hakluyt used the form Bresilia, and it is to be found in the works of other
old English writers.



X PREFATORY XNOTE.

ous indigenous names were adopted and incorporated, and
to-day the Portuguese of Brazil is full of them, and places,
too, bear to a very large extent their Indian names. Far and
wide, up and down the coast, and through the country, was
found distributed the great nation of the Tupfs, speaking
everywhere the same general language, and it is from this
language, now spoken over a large part of Brazil, that these
names were taken. These names have been written with
the Portuguese pronunciation, and have often been much
corrupted, so that their orthography varies very much.
Foreigners murder them fearfully. Among the writers on
Brazil Bates and Burton are perhaps the most accurate in
their use of Portuguese and Tupf names. In this work I
have followed the best authorities, and I have taken particu-
lar pains to insure correctness in the geographical names ;
but since there is no standard of orthography for these
names even in Brazil, and since one is frequently obliged to
depend on an ignorant guide for the name of a place or
an object, absolute uniformity and accuracy are out of the
question.

In looking up the derivation of Brazilian geographical
names, I was led into a study of the word ¢ Brazil,” but I
soon found that Humboldt had preceded me, and I am able
to add little to what he has said on the subject. Since there
are afloat so many incorrect ideas concerning the deriva-
tion of the name, it seems not unadvisable to give here in
brief the result of Humboldt’s researches.*

Acecording to Humboldt the name, under the various forms
of Bracie, Brazil, Berzil,} appears on Italian maps from

% Géographie du nouveau Continent, Tom. II. p. 214, to which the reader is
referred for the details of the discussion.
t Among the many curious old forms of the name Brazil may be mentioned
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1351 to 1459, applied to one or more of the islands of the
Acores, and more particularly to a point of the island of
Terceira, which still bears the name.

For three centuries before the discovery of the route to
the Indies around the Cape of Good Hope there was known
in Europe a dye-wood called bresill, brasilly, bresilji, braxi-
lis or brasile, which appears to have been derived from one
or more East Indian species of Cesalpina and Pterocarpus.

As to how this dye-wood came to bear the name of Brazil
I know not, and I fear that any attempts to derive it from
Sanskrit or other roots will lead to nothing satisfactory.*
Anghiera speaks of the occurrence of Brazil wood in Haiti,
which was known long before the discovery of Brazil.
Grinzus speaks in 1499 of the Brazil-wood seen at Paria
(Payra).

Humboldt says: ¢ In proportion as discoveries extended
themselves to the south of Cape Santa Augustinho, especially
after Pedro Alvarez Cabral, in May, 1500, had taken posses-
sion of the Terra de Santa Cruz, the commerce in the red-
wood of Continental America became more active. On the
fourth expedition of Vespucius, in which one of the ships
was lost on the shoals around Fernando Noronha, a cargo
of Brazil-wood was taken in near the Bahia. All the world

.

that of Presill, found in an ancient publication, described by Humboldt in his
Geéographie du nouvean Continent, Tome V. p. 239, entitled Copia der Newen
Zeytung auss Presillig Landt.

* See Humboldt, op. cit. Tome IL p. 222. Tt is always unsafe to proceed
m the investigation of the etymological derivation of proper names, unless one
has historical evidence of some sort to guide him.

t Decade L. Liv. 4. p, 11, quoted by Humboldt. Anghiera says that there
were found at Haiti “sylvas immensas, que arbores nullas nutriebant alias
prtaquam coccineas quarum lignum mercatores Itali verzinum, Hispani bra-
stlum appellant.”
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GEOLOGY AND PHYSICAL GEOGRAPHY OF
BRAZIL.

CHAPTER I.

THE PROVINCE OF RIO DE JANEIRO.

The Serra do Mar. — The Serra da Mantiqueira, and the Pico do Itatiaiossd. —
The Rio Parahyba do Sul and its Tributaries. — Description of the Bay of
Rio, its Islands, Tides, &c.— The Sugar-Loaf.— The Corcovado.— The
Gneiss of Rio. — The Organ Mountains. — Geological Observations along
the Cantagallo Railroad. — Drift Phenomena at Rio, Tijuca, and on the
Dom Pedro II. Railroad. — Decomposition of Gneiss iz siti and its Effect on
the Forms of the Hills. — Recent Rise of the Coast.— The Coast between
Rio and Cape Frio, its Lakes, Salines, &c. — Cape Frio. — Os Buzios. — Isl-
ands of Santa Anna.— Frade de Macahé. — Campos dos Goitacazes, their La-
goons, Canal, &c.— Rio Parahyba.— Sdo Jodo da Barra.— Sugar Plantations.
— City of Campos. — The Rio Muriahé., — Tertiary Beds. — Sugar Fazendas.
— Sdo Fidelis. — The Gold Mines of Cantagallo. — Geological Notes on the
Country between Sdo Fidelis and Bom Jesus. — The Rio Itabapuana. — The
Serra d’Itabapuana. — The Garrafio. — Barra do Itabapuana.

THE province of Rio de Janeiro is almost entirely com-
posed of gneiss, and this gneiss region is mountainous and
high. The Serra do Mar, skirting the coast of the province
of Sdo Paulo, enters the southwest corner of the province of
Rio, and, composed of a great number of parallel«ridges,
often much broken, traverses it from one end to the other.
These mountains form the edge of the great Brazilian
plateau, which consists along its eastern border of a
broad band of gneiss. The course of the Serra do Mar is

approximately east-northeast, so that, as the coast of the
VOL. I. 1 A
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province of Rio de Janeiro runs eastward from Sido Paulo
to Cape Frio, the Serra do Mar, on entering the province
of Rio, trends gradually away from the coast, passing by
the head of the Bay of Rio. The gneiss plateau is bor-
dered in the eastern part of the province by low plains,
tertiary and recent. The minor ridges of the grand Serra
do Mar break down abruptly on the edge of these low
grounds. In the western part of the province, where
the Serra skirts the coast, that coast is often high, bold,
very irregular in outline, and bordered by numerous rocky
islands. South of the Serra do Mar, at Rio, lie several
isolated mountains and ranges of hills, really belonging
to the same great mountain system, but separated from
the plateau by low plains similar to those north of Cape
Frio.

To the northwest of the Serra do Mar, and separated
from it in part by the valley of the river Parahyba do Sul,
is another great mountain range called the Serra da Man-
tiqueira, which is also composed of gneiss, and belongs to
the same system of upheaval as the Serra do Mar. This
range separates itself from the coast range near the city of
Sao Paulo, and, lying inside the Serra do Mar, skirts the
coast to a much greater distance to the north than the
latter does. The ridge properly called the Serra da Man-
tiqueira accompanies the northern part of the provinee of
Rio for a few miles, when the province boundary line
leaves it and runs off to the eastward.

At a distance of four or five miles from the northwest
corner of the province, in the Serra da Mantiqueira, is the
Pico do Itatiaiosst, which appears to be the highest point
in Brazil, and, according to the Revista Trimensal do
Instituto Historico e Geographico Brasileiro, has an al-
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titude of about 10,300 feet.* It is said to be voleanic in
structure, and two craters are reported to exist on it, to-
gether with sulphur springs and sulphur deposits.t I have
never seen the Itatiaiossd, but I have the strongest doubt
as to its being a voleano. Snow occasionally falls on this
mountain during the winter, and is said to remain some-
times for several days. There can be no reasonable doubt
about this being the highest peak in Brazil. Itacolumf,
so long famed, is, according to Burton, only about 6,400
feet in height. According to Eschwege, this last peak is
5,720 feet; Gerber says 1,112 metres (3,650 feet) ; while
the highest point cited by Gerber is the Alto da Serra da
Piedade, in the Municipio de Sabar4, which Liais makes
only 1,783 metres (5,853 feet). Gardner estimates the
height of the Organ Mountains at from 7,500 te 7,300
feet. It is interesting to observe, as Burton has remarked,
that the summit line is not in the interior in Brazil, but
close to the coast. Almost preeisely south of the Itati-
aiossii, in the province of Sdo Paulo, is a high point in
the Serra do Mar, which gives rise to two rivers, — one, a
small stream, the Rio Pirahy, flowing east and then north-
east between two ridges of the Serra do Mar; the other,
the Rio Parahyba do Sul, under the name of Pirahytinga,
which flows southwestward and westward for about eighty
miles, when it escapes northward around the end of the
ridge which has so far formed its barrier on the north, and,
doubling upon itself, flows thence, with a general east-north-
east direction, behind the Serra do Mar, traversing the whole

* Dr. Candido Mendes de Almeida, in his Atlas do Imperio do Brazl,
makes the height only 2,994 metres, or 9,829 feet.

1 Burton, Explorations, &c., Vol. I. p. 61. He does not here speak from
personal observation.
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province of Rio de Janeiro, until, some forty-five miles from
the sea, the mountains break down on the edge of the pla-
teau, when it reaches the Campos dos Goitacazes, and
empties into the sea after a course of 102 Brazilian leagues
(Gerber), or 408 miles.

According to Gerber, the altitude of the river above the
sea, at the mouth of the river Parahybuna, is 272 metres.
The stream is so much broken up by rapids above Sio Fide-
lis that steam navigation ends there, and in the rest of its
course it gives passage only to canoes and large montarias
propelled by the setting-pole or towing-rope.

The principal affluents of the Parahyba are the Rio
Pirahy, already mentioned, which affords steam naviga-
tion for a short distance above its mouth ; the Rio Preto,
which rises in the Itatiaiossd, and is a much larger stream,
falling into the Parahyba north of Rio; the Pirapitinga,
which rises in the Serra of the Pardo; the Piabanha, which
descends from the Serra do Mar from necar Petropolis,
and enters the Rio Parahyba at Entre Rios, a little above
the Parahybuna; (this latter descends from the Man-
tiqueira, on the opposite side of the basin, in the same
meridian with the Piabanha); the Pomba, which rises in
the Serra da Mantiqueira, a few miles east of Barbacena;
and the Muriahé, which takes its source in the same range,
a few leagues to the east. The gneiss region of Rio, where
uncultivated, bears a most vigorous virgin forest growth,
and its soils are particularly favorable for the cultivation of
coffee ; the great valley of the Parahyba, above Sao Fidelis,
and the valleys of its affluents, are largely occupied by coffee
plantations. The same is true of the gneiss regions of the
north, whose topography and soils are, over large districts,
favorable for coffee planting.
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6 GEOLOGY AND PHYSICAL GEOGRAPHY.

With these words of introduction, let us now look at the
general points of interest to the geologist and physical geog-
rapher in the vicinity of Rio, and then examine the province
to the east.

The Bay of Rio is a basin penetrating inland about twenty
miles. It is only about a mile wide at the mouth, or Barra,
but widens immediately. The shores on each side run in
and out with deep, sweeping curves, making beautiful bays ;
and, three miles inside, passing the ecity of Nictherohy on
the east and Rio de Janeiro on the west, the bay widens
rapidly, and then, with the same irregular shore line, attains
its greatest width about six miles from the mouth, when it
contracts and runs off inland toward the northeast. It con-
tains several islands; those near the city, as the Ilha das
Cobras and Ilha Enxada, are of gneiss, like that of the adja-
cent hills.

The Ilha do Governador, a large island which I have ex-
amined on the eastern side, is eomposed partially of gneiss ;
but I strongly suspeet that it is largely made up of the
same tertiary clays which I have found on the Cantagallo
Railroad, near Porto das Caixas. It seems too level to
consist of gneiss alone. This island possesses fertile soils,
but the ants are a terrible plague. Burton says that there
are kjoekkenmoeddings upon it. Ancient shell-heaps have
been reported from Brazil by Dr. Henry Naegeli of Rio,
and they occur at various places along the coast. At Santos
there are some very extensive ones, and St. Hilaire speaks
of numerous shell-heaps on the coast of the province of
Espirito Santo near Santa Cruz.

The smaller islands are gneiss, though, as in Paqueté, we
find isolated gneiss masses united by stretches of sands con-
taining recent shells. Spix and Martius have called attention
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to the great number of palms growing on the islands in the
Bay of Rio, owing to the dampness and heat of the climate.
The bay is nowhere very deep ; along the shores it is very
shallow ; and Mouchez’s map shows the soundings pro-
gressing quite uniformly from all sides, from one to four-
teen or eighteen metres. Near the middle of the bay, off
Rio, we find the greatest depth,— thirty-one metres.

Near the mouth of the bay the shores are rocky and sandy;
the water is clear, and the bottom is composed of sand and
shells; but around the whole head of the bay, where the
shores are low, and a host of little rivers bring down great
quantities of silt, the basin is bordered by extensive man-
grove swamps, and the bottom is shallow and muddy.

In the turbid and somewhat brackish waters of the head
of the bay oysters of an immense size flourish, often grow-
ing attached to the roots of the mangroves. Fish are very
abundant, and the curraes, or weirs, for taking them are
conspicuous objects in the shore scenery. The waters of
the interior of the bay are exceedingly clear and bright, and
off the islands of Paquetd and Governador a deposit of
shells, with a calcareous mud, is in process of accumulation.
Almost all the shells are small, and consist chiefly of spe-
cies of Arca, Venus, Murex, Cardium, Dentalium, &c. I have
looked diligently for corals, but the only Madreporians I
have seen in the Bay of Rio consist of a couple of species
of Astrangia,* found growing on the shells, and contributing
really nothing to the deposits there accumulating. The tide
in the Bay of Rio, as near as I can learn, rises from three to
five feet,f but is very uncertain, as has been remarked by

* Professor Agassiz tells me that a species of Porites has been collected by
Dr. Naegeli.

t On the map of Rio, by M. Barral, it is set down as three feet. Spix and
Martius are in error in making it fourteen or fifteen feet.
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Spix and Martius.* 1 have seen the tide stand at the same
level for a whole day at the docks in Rio. On one occasion
I visited Paquet4, and during a day and a half the tide
was high ; but, shortly after my return to Rio, it fell to an
extraordinarily low level, and remained so for many hours.
This appears to be owing to the fact that the bay opens
to the southward, while the mouth is very contracted, so that
the waters may be piled up on the coast by a southerly
wind in such a way as to prevent the tide:from flowing
out, while other winds may depress the level of the waters
for as long a period.

The entrance to the harbor is very bold on both sides,
and is sentinelled by steep gneiss hills, — rounded or coni-
cal, wooded or bare,— presenting lichen-blacked precipices,
whose faces are smoothed and rounded in a most remarkable
manner. On the eastern side some of these hills are more
than a thousand feet in height. They are clustered closely
together, and stretch off in a sea of hills along the bay for a
few miles on the eastern side, while along the coast, eastward
toward Cape Frio, they form a line of irregular mountains
of much grandeur and beauty. On the west side of the
entrance to the bay is the conical peak of the Pdo de Assu-

* Spix and Martius, Reise, Vol. I. p. 95. “ The interior basin of Rio de
Janeiro has its tide as well as the ocean. At new and full moon, high water,
which rises fourteen or fifteen feet, sets in at thirty minutes past four; the ebb
sometimes continues a whole day without intermission, at which time the current
is the strongest on the west side of the bay. On the other hand, when the flood
begins, a whirling current is remarked on the east side. The flood continues a
shorter time than the ebb, and usually runs at the rate of three or four sea
miles per hour. This strong flood has more than once led the captains of the
ships into error, and caused them to cast anchor too close to the shore.”

The same authors remark that the saltness of the water of the bay is rather
less than that of the ocean. This is to be expected, from the large drain of
fresh water into it.
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car (Pot de Beurre of the early French colonists), with its
smooth, precipitous sides. This celebrated rock belongs to
a short range of hills that runs westward to the Lag0a das
Freitas, and which is separated from the Corcovado, and the
hills of which the latter forms a part, by the valley of Bota-
fogo. The Sugar-loaf is said to be over a thousand feet in
height.* The other hills are much lower, and are rounded,
with precipitous sides facing the valley. They are composed
of heavy beds of gneiss, which is very homogeneous, coarse-
grained, and often very porphyritic in structure, with
large crystals of flesh-colored orthoclase feldspar. These
beds have very nearly the same strike as the trend of the
hills they compose, and dip southward at a moderate angle,
as may bhe observed in the cliffs along the pass leading from
Botafogo to the Praia de Copocabana. The Corcovado is
a sharp, angular peak, which separates itself from the great
mass of hills lying back of Rio, rising by a long, narrow
incline on the northwestern side to a point only a few rods
in area on top. On three sides it drops off in a splendid
sheer precipice, which on the south is several hundred feet
high. Below this precipice the mountain presents to-
ward the south a very steep wooded slope. A similar
slope, not a talus, runs below the cliffs on the opposite
side of the valley, and may be observed in very many
hills of the gneiss region. In the Corcovado we find
rocks similar to those of the Sugar-loaf, but varying con-
siderably in character, being generally, near the top, well
laminated, sometimes with large crystals of feldspar, and
not infrequently full of garnets. The dip varies somewhat,
and I find in my field-book two notes of a slight southerly

* Burmeister says 1,212 feet. (Reise nach Brasilien, p. 57.) Dr. Almeida

makes it 373 metres, or about 1,426 feet.
1%
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THE SUGAR-LOAF, CORCOYADO AND GAVIA, FROM SAO0 DOMINGO.

dip near the top, while an observation taken some distance
below the reservoir on the aqueduct gave a marked north-
ward dip. The general dip of the gneiss in the peak, as well
as in the hills east, is certainly northward, and one ‘sees the
same dip in certain ledges of rock in the harbor, which lie
in the line of strike of the beds of the Corcovado. The val-
ley which separates the hills of the Corcovado from those of
the Sugar-loaf is therefore an anteclinal valley. Professor
Agassiz has independently made the same observations, and
has come to the same conclusions.*

Three miles southwest of the Corcovado are the Tres Irmaos,
a group of conical peaks very interesting to the student of
topography, and a couple of miles west of these is the Gavia,
an isolated, tower-like, flat-topped mountain, said to be 3,000
feet high. Within the irregular ring formed by these moun-

* Pissis has called attention to the resemblance borne between the fine-
grained gneiss, with garnets overlying the porphyritic variety forming the base
of the Corcovado, and that of the rocks at Copocabana. (Mém. de PInstit,
de France, Tom. X. pp. 362, 363.)
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tains is the beautiful Lagba de Freitas, a sheet of water held
in a basin among the hills, and shut out from the sca — like
the lagdas so common along the coast east and west of Rio
— by the throwing up of a sand-beach across its mouth.
Travellers all speak of the romantic beauty of this spot, and
it is worthy of their praise; for though clothed in the warm
verdure of the tropics, it is really Swiss-like in the character
of its scenery. If the geologist has any soul, any love for
the beautiful, there is no scene which, with all his cold anal-
ysis of topographical and geological elements, is more likely
to impress him as an artist’s work. I know of no view
which has affected me so much — not only as a scientific
observer, but as a man-—as that of the vicinity of Rio
from the top of the Corcovado. There are a thousand sub-
jects for observation and study ; and, with all, there comes
over one a feeling akin to, but infinitely more deep and
impressive than, that which one experiences when in some
old cathedral he sits down to study the sublime creation of
one of the old masters. He who can lean over the parapet
that erowns the Corcovado, and look down more than 2,000
feet  on the temple of palms of the Botanical Garden, and on
the silent Lagda de Freitas,— ¢ another sky,” in whose blue
depths sail soft fleecy clouds, — who can gaze on the proud
encircling peaks, green with an everlasting spring, and shiv-
ering with silvery reflections from the Cecropias,— who
can look out over the island and sail dotted sea, and the
surges creeping up on the long, curving sea-beaches, and
then over the bay, with the city fringing widely its sweep-
ing curves, the sea of hills beyond, the majestic Serra dos
Orgios heaving its great back, in the exquisite blue distance,
far above the level line of the clouds, its great minarets

* 2,179 feet is the exact height. Burmeister says 2,164.
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sharply defined against the purple ether,—and can intelli-
gently take into consideration all the geological, climatic,
and other natural laws which have determined the elements
of beauty and usefulness in the scene, and not have his whole
soul moved within him in homage to the Artist whose hand
has moulded continents, carved out their lineaments, spread
over them their mantle of vegetation, and peopled them with
living forms, has not gone beyond the alphabet and gram-
mar of his science, and has no idea of the literature of
Nature.

The Corcovado is only one peak of a mass of hills which
occupies a large area west of Rio. It is united by a pass
1,000 feet in height to another mass lying northward of the
last, and which culminates in a sharp eonical peak called
Tijuca, the latter being about 5,447 feet in height. The
Tijuca range is connected with a group of hills which ex-
tends several leagues to the west. Westward of the Gavia
is a stretch of plain only a few feet in elevation above the
sea, and broken up by very numerous lakes, some of which
are of considerable size. Between the hills which I have
Jjust described and the Serra do Mar there is a wide extent
of low country, in some parts perfectly flat and very low,
in others somewhat diversified with hills. I have seen
this country only from the railway-train, but I would sug-
gest the more than probability that a considerable part of it
may be made up of beds of stratified clays, like those of the
Cantagallo Railroad, presently to be described. The Serra do
Mar, as well as the whole range, including the Organ and
Cantagallo Mountains, as has been already stated, is com-
posed of gneiss.

At Rio the gneiss varies very much in texture. As a gen-
eral thing it occurs in very thick homogeneous beds, varying
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from an exceedingly coarse porphyritic kind containing large
crystals of black mica, and crystals of pink feldspar several
inches long, to a fine, even-grained, compact, light-gray
variety. Sometimes it is very distinetly laminated, fissile,
flaggy, or schistose. Garnets are very common in it. It
is largely quarried for building purposes in all directions,
and the finer-grained kinds are much used for paving, not
only in the streets of Rio, but in other towns on the
coast. The numerous quarries afford very excellent sec-
tions. The unbroken compactness and the little jointing
of rock, even on the surface, strike the observer as re-
markable. Many of the hills are monoliths. The dip
and strike are, owing to the homogeneity of the rock, gen-
erally very indistinct. Immense granite veins, with the
minerals composing them often very coarsely crystallized,
traverse the rock, together with veins of milky quartz and
occasional dykes of diorite or greenstone. Faultsare numer-
ous. I copy from my note-book the following section ‘made
from the barracks north of Praia Grande on the eastern side
of the harbor and extending southward to the city : —

« d £

gy
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SECTION AT PRAIA GRANDE.

At the barracks, the gneiss, a, is dark gray with a fine
lamination. The ecrystals of feldspar are very small, and
there are a great many red garnets. Strike N. 40° E.
Dip 30° 8.

About 800 feet southward of the barracks is a large quarry,
in a bed of very compact gneiss, d, showing scarcely a trace of
stratification. It is composed of feldspar in large crystals,
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mica, finely crystallized, and very little quartz. Garnets are
abundant, and the rock is traversed by veins, a number of
which I have noted as dipping steeply southward. In one
of these veins, which was four inches in width, the sides
consisted almost wholly of large, coarse crystals of a light,
flesh-colored feldspar with a little green mica, while the
middle portion was made up of clear, glassy quartz of a
light reddish color, with an occasional large crystal of black
mica.

Above these beds are others, in which I have noted that
the crystals of feldspar lie with their longer sides parallel to
the plane of stratification. In a large vein here we find the
same arrangement of the materials as in that above de-
scribed.

Jf. Gneiss with very large erystals of feldspar.

g. Thin beds of compact mica-slate, or extremely fine-
grained and distinctly bedded gneiss. Strike N. 35° E.
Dip 85° 8.

Here the section fails on reaching the city. In a hill im-
mediately east of the ehurch of Sio Joio the gneiss is
principally composed of large feldspar erystals. Strike N.
80°E. Dip 85°S. In the point between Praia Grande and
Sio Domingo the rock is like that last seen, the strike
being N. 80° E., and the dip southward. Just south of Fort
Sdo Domingo there are seen veins of iron ore in the gneiss;
the dip is about 45° 8., and the strike about N. 80° E.

I have carefully examined the cuttings on the Dom Pedro
II. Railroad, from Belem, at the southern base of the Serra
do Mar, to Ypiranga, in the valley of the Parahyba do Sul,
and I have studied them in detail, on foot, from the mouth
of the great tunnel, which pierces the crest of the Serra,
to Ypiranga. The whole ridge is composed of gneiss, which
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varies very much in character, as a general rule being dark
gray in color, well laminated, often fine-grained and schis-
tose. The strike varies, according to my observations, from
N. 45° E. to N. 80° E., and the mean of thirty-four observa-
tions of strike taken along the road from the southern en-
trance of the great tunnel to the Barra do Pirahy, would
give N. 62°E.* The dip is almost invariably northward
from Belem to the Parahyba, so that the Serra is here a
monoclinal ridge, but it is very probable that the same strata
are repeated. There seems to have been much dislocation of
the strata, and faults are common. . In some cases the beds
are much plicated, though, as above remarked, the general
dip is remarkably uniform. Quartz and granite veins are
very numerous, and trap dykes are not uncommon. At
Ypiranga is a thin bed of erystalline limestone, which is ex-
posed near the railway, and is more or less quarried for
burning into lime.

The Serra dos Orglos and the Serra da Estrella, so fre-
quently described, is a heavy ridge lying at the head of the
Bay of Rio, and belonging to the Serra do Mar. It is a mag-
nificent mountain pile, which, to the east, runs up into a
series of picturesque aiguilles. I have never myself visited
the Organs, and I quote Professor Agassiz’s remarks on the
structure of this ridge. He says:t ¢ The chain is formed by
the sharp folding up of the strata, sometimes quite vertically,
in other instances with a slope more or less steep, but always
rather sudden. To one standing on the hill to the east of
Theresopolis, the whole range presents itself in perfect profile ;
the axis, on either side of which dip the almost vertical beds

* Of eight reliable observations of strike, taken in the vicinity of Rio, the mean
is N. 55° 30’ E. ; but these observations vary from N. 10° E. to N. 80° E.
t Journey in Brazil, p. 491,
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THE ORGANS.

of metamorphic rocks composing the chain, occupies about
the centre of the range.

“To the north, though very steeply inclined, the beds are
not so vertical as in the southern prolongation of the range.
The consequence of this difference is the formation of more
massive and less disconnected summits on the north side,
while on the south side, where the strata are nearly or quite
vertical, the harder set of beds alone have remained stand-
ing, the softer intervening beds having been gradually disin-
tegrated. By this process have been formed those strange
peaks which appear from a distance like a row of organ-
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pipes, and have suggested the name by which the chain is
known. They consist of vertical beds, isolated from the
general mass in consequence of the disappearance of contig-
wous strata. The aspect of these mountains from Rio is
much the same as from Theresopolis, only that from the
two points of view—one being to the northeast, the other
to the southwest of the range — their summits present them-
selves in reverse order. When seen in complete profile,
their slender appearance is most striking. Viewed from the
side, the broad surface of the strata, though equally steep,
exhibits a triangular form rather than that of vertical col-
umns. It is strange that the height of the Organ Mountain
peaks, so conspicuous a feature in the landscape of Rio,
should not have been accurately measured. The only pre-
cise indication I have been able to find is recorded by Liais,
who gives 7,000 feet as the maximum height observed by
him.” *

“These abrupt peaks frequently surround closed basins,
very symmetrical in shape, but without any outlet. On
account of this singular formation, the glacial phenomena
which abound in the Organ Mountains are of a peculiar
character.” t

Pissis § has described the Organs in very much the same

* Gardner makes them 7,500 to 7,800 feet.

t Similar aiguilles are common elsewhere on the coast in the gneiss belt, and
present the same features as arc described by Professor Agassiz. I may cite
here, as examples, the Frade de Macahé, the Pedra Lisa and the Garrafio, near
Itabapuana, the peaks of Itapémerim, &c., all of which I shall describe here-
after.

i “ Le leptinite 8’y trouve fortement redressé et présente des lames colossales
qui, vues de Rio de Janeiro dans le sens de leur épaisseur, apparaissent comme
de hautes et minces aiguilles places les unes & c6té des autres et ressem-
blant assez & des tuyaux d’orgues,” — Mém. de PInst. de France, Tom. X.

- 360.
B
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terms as Agassiz. The same author calls attention to the
great steepness of the southern slope of the Organ Moun-
tains, and speaks of the little streams which, precipitat-
ing themselves over it, are visible, as I can testify, from
Rio,—a distance of more than thirty miles,— appearing
like silvery lines drawn down the blue flank of the Serra.
The needles of the Organs are usually represented as seen
from their thinnést side, which would give one the idea that
they were tower or chimney-like masses. Professor Agassiz
has figured one of the most noted of the peaks as seen in
this way. Through his kindness I am enabled to present a
side view of the same peak, from a photograph in his posses-
sion. The views of the Organs in Gardner’s Travels, and in
the majority of works on Brazil, are very poor.

The gneiss of the vicinity of Rio and of the Serra do Mar
is remarkably unproductive in useful mincrals. Indeed, I
do not know of any mineral deposits of economic value in
the region, except gold, which occurs in these gneisses in
Sdo Paulo, at Cantagallo, and elsewhere, but not very abun-
dantly. The almost entire absence of limestone is remark-
able. I have nowhere seen any trace of graphite.

The Rio Macaei is one of the little strcams entering the
Bay of Rio near its northeastern extremity. The whole coun-
try bordering the bay, as above stated, is one great man-
grove swamp, and from the mouth of the river to the Porto
da Villa Nova this is the character of its banks. At this
place the soil consists, like that of the rest of the swamp, of
a soft, dark-blue mud, or clay, containing a little decomposed
mica in silvery flakes. This mud at Villa Nova is twenty-
four feet deep, and is underlaid by sand and gravel contain~
ing recent shells ; but farther back from the river, as might
be expected, it is not so thick, being only about six fect.
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The general surface of the country here is perfeetly flat,
and only about one foot above water level at spring-tides.
The river * is one hundred feet wide at the Porto, but it is
very deep, and its banks are bordered with rush-like plants,
— the quina, a plant with a triangular stem, and the peripert,
or Brazilian papyrus, so much used for mats, while the
swamps are covered by mangroves, tapibuia trees, and
a dense growth of plants, such as love the salt marshes.

Leaving the river at Porto da Villa Nova, and follow-
ing along the extension of the line of the Cantagallo Rail-
way, one soon leaves the swamps, and, rising a few
feet, finds himself on a plain of coarse white sand, in
which are seen exposed in execavations an abundance of
recent shells, like those which lie on the beaches along
the bay, Venus flexuosa being especially common. These
plains are sparsely wooded, and support a vegetation
quite different from what we have observed in the swamps.}
Conspicuous among the trees, or rather large shrubs, is
the pitangueira (Fugenia), noted for its refreshingly acid,
red fruit. Bromeliaceous plants are common, together
with cactuses, &c. Where, however, a soil has accumu-

* Burmeister remarks upon the coffee-brown color of the water of this river.
The vicinity is very unhealthy, intermittent fevers of a typhoid character pre-
vailing.

t Spix and Martius deseribe a similar sand-plain on the road from Rio to
the Imperial Fazenda of Santa Cruz: “ On the way hither we remarked
a stretch of ground composed of coarse dry granite sand. The low but
very pleasing wood eovering it resembled, in its shining green, stiff foliage,
our laurel woods, but, as a token of the tropical climate, it was charac-
terized by the multiplicity of the flower-forms.” The same authors men-
tion the following plants as oceurring on this ground: ¢ Schinus Arocira,
terebinthifoliac Raddi; Pohlana (Langsdorffia Leandr.) instrumentaria Mart. ;
Spizia heteranthera Leandr. ; Byrsonima nitidissima Humb. ; Sapium ilicifolium

W.; Alsodea Physiphora Mart.; Petroea racemosa Nees; Solena grandifolia ;
Seriance, Paulinie, sp., &c.” (Spix and Martius, Reise, Vol. I. p. 181.)
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lated, the vegetation assumes the dignity of a forest growth.
Presently we come upon some low hillocks, very rounded in
their outline, which stand like islands in the sand-plain.
Some of these are cut through by the railway, and we
see that they are isolated and denuded outliers of a for-
mation underlying the sands. Rising above the general
level of the sands, they are bathed by them round about,
like islands. Some of these hillocks are composed of a bed
of white or reddish arcnaceous clay, obscurely stratified,
like a kaolin mixed with sand, with an occasional quartz
pebble, and irregularly tinged by yellow or red ferric oxide.
Over the evenly rounded surface of this clay is spread a
thin sheet of quartz pebbles, generally well rounded, fol-
lowing all the sinuosities of the surface on which it lies,
though the bed varies much in thickness. Over this pebble
sheet is a concentric coat several feet thick, of a perfectly
structureless, arenaceous clay, consisting of decomposed
feldspar and fragments of quartz, deeply colored by ferric
oxide, and resembling the unwashed and unassorted pro-
duct which would result from the mechanical trituration of
decomposed gneiss, with a mixture of the clays just de-
scribed. All the hillocks were covered by the same ma-
terial. At Porto das Caixas we rise by a steep incline
some thirty fect, more or less (I have no note of the exact
height), to a level plain of large extent. Cuttings at
the railroad dépdt show that it is composed of a horizontal
deposit of the same tinted sandy clays we found occupying
the centre of the hillocks just described, and that it is over-
laid by a thick bed of structureless red clay, separated from
the underlying deposit by a layer of quartz pebbles. Taking
the train, we go westward over this plain some ten miles.*

* Being unfurnished with a reliable map, I can only give distances ap-
proximately.
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Part of it is dry and sparsely wooded, but there are large
areas occupied by swamps, in which grows a more or
less luxuriant swamp vegetation, — a dismal scene, present-
ing sickly-looking trees loaded with orchids, ferns, and
other parasites, and draped heavily with a species of Til-
landsia. By and by we reach the end of a spur from the
Serra do Morro Queimado, and, skirting the western base of
the hills, gradually ascend, passing from the plain to the
gneiss valley of the Rio Macacd, and, at the present ter-
minus of the railroad at Cachoeiras, find ourselves in a
narrow valley, among gneiss hills, at the foot of the Serra
do Morro Queimado, an eastward continuation of the Serra
dos Orgdos. The gneiss here is of the same general
character as that at Rio. An observation by the river-
side, near the residence of Mr. Williams, the superin-
tendent of the railroad, gave the strike N. 70° E. The
dip was vertical. Garnets were very abundant.

On examining the soil, whether high up on the slopes, in
the hills, or elsewhere in the numerous cuttings of the roads,
&c., the rock is seen to be covered by the same red clay
that we have observed forming the surface-coating of the
plain at Porto das Caixas; and only a superficial examina-
tion of the intervening country is necessary to show that
the same red clay covers, not only the clay hillocks of the
railway extension and the plains described, but the hills also,
descending everywhere to the level of the sand-plain. In
addition, it is to be seen frequently underlaid by an irregu-
lar sheet of quartz pebbles, and it very often contains an-
gular fragments of quartz and sometimes masses of gneiss,
though these last are rare. It is absolutely structureless,
and, much as it may resemble the stratified clays above de-
scribed, or soft, decomposed gneiss, it needs only a very short
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experience to enable one to distinguish from a hand specimen
whether it be one or the other. Generally this structure-
less clay is deep red; but on the surface it is often more
or less yellowish. The following ideal section illustrates
the geology of the country between the Bay of Rio and the
Serra do Morro Queimado, along the route over which we
have travelled.

<
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SECTION ALONG THE LINE OF THE CANTAGALLO RAILROAD,

a. Gneiss, Eozoic.

b. Stratified clays, Tertiary. (Drift, Agassiz.)
¢. Drift.

d. Raised beaches with recent shells.

e. Modern mud deposit.

J- Bay of Rio.

This section tells a very clear story. Late in the tertiary
period, long after the hills of Rio were upheaved, and when
the country stood at a slightly lower level, the stratified
clays which I have described were deposited over the
whole area of the basin of the Bay of Rio, and the adjoin-
ing flat country. These were afterward upheaved, most
probably, as I shall attempt to show herecafter, to a much
greater height than at present, and subjected to denudation
by water and glacial action. Owing to the shape of the basin
and the great number of streams flowing into it, as well as
to the fact that it must have been the focal point toward
which the glaciers of the encircling hills converged, it is not
to be wondered at that, along this part of the coast, the clays
have been so completely denuded and swept away, leaving
only small patches fringing the shores in certain somewhat
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sheltered positions. It seems an argument in favor of the
prevalence of glacial action in the region, that the denudation
is so complete, else we should have expected to find the sheet
largely cut through by valleys, leaving more numerous outly-
ing masses. As to the age of these clays, more hereafter. I
have referred them to the Tertiary, though Professor Agassiz
is inclined to regard them as drift. The superficial red
clay deposit I believe, with Professor Agassiz, to be drift.
The stratified sands were deposited in shallow water when
the sea stood only a few feet higher than at present, and
they have been elevated by a recent rise of the coast,—a
rise which I believe to be still going on. The recent muds,
now accumulating from sediment brought down by the
streams, form a marshy fringe outside the raised beaches. °

Having introduced the reader to the general geological
and topographical features of the vicinity of Rio de Janeiro,
let us now examine somewhat closely the drift phenomena
observable there. In the following remarks I have pur-
posely confined myself to the results of my own personal
observations made during extended excursions over the
country near Rio, and a detailed examination of every
cutting on the Dom Pedro II. Railroad, from the Great
Tunnel to Ypiranga, on the results of which survey I have
made a long report to Professor Agassiz. In connection
with this subject we will take into consideration some
of the topographical elements so remarkable in the hills
of Rio and the Serra do Mar. If we examine the
gneiss hills at Rio de Janeiro and the vicinity, we
find that they are invariably covered, where the slopes
are not too steep, by the same coat of red soil which
we have observed on the Cantagallo Railroad. This
may vary more or less in the coarseness or fineness of
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its ingredients, but it invariably presents everywhere the
same general character of a sheet of structureless, unar-
ranged material, composed of ground-up gneiss, perfectly
devoid of stratification, and always of a deep red color pass-
ing into yellow near the surface, especially where the
material is sandy and light. There is rarely any humus,
because the decay of vegetable matter is too rapid to allow
of its accumulating as a soil, as in northern countries. This
clay sheet varies in thickness from a few feet to one hun-
dred ; sometimes it is stiff and bakes very hard, in other
cases it is more sandy and light. Usually it is quite free
from admixture with boulders, but sometimes angular frag-
ments of quartz of considerable size occur in it, together with
" rounded or angular masses of gneiss or diorite. The latter
rocks are almost always in a decomposed state, and, except
to the experienced eye, are recognizable only in fresh cut-
tings. Under this clay one sometimes finds, as in the cut-
tings at Tijuca,a thin layer of quartz pebbles like that seen
on the Cantagallo Railroad, but this is not always present.
The surface of the gneiss on which the drift rests is always
moutonnée and remarkably evenly rounded down, and the
sheet of quartz pebbles lies immediately up'on it, following
all its curves; but the pebble sheet may be wanting over
large areas, or vary very suddenly and irregularly in thick-
ness. The gneiss in sitd is almost invariably decomposed
beneath the drift to a depth varying from a few inches to
one hundred feet. The feldspar has been converted into
clay, the mica has parted with its iron, &c., but the altered
crystals of the gneiss still occupy their relative position
with reference to one another. The planes of stratification
are well marked, and the veins of quartz, though cracked
up, remain in place.
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This extraordinary decomposition of the Brazilian gneiss
and other rocks has long attracted attention, and Darwin
has described it very accurately in his Geological Observa-
tions. He was of the opinion that it had taken plaee under
the sea before the present valleys had been excavated.* Pis-
sis also described it ; but it appears to me that he has greatly
over-estimated the depth to which the softening of the rocks
has extended, when he says that, in the gneiss region between
Sao Fidelis and the Serra dos Orgdos, the gneiss has been
decomposed to a depth, in some places, of 300 metres! ! {

This decomposition results, in my opinion, from the ae-
tion of the warm rain-water soaking through the rock, and
earrying with it carbonic aeid, derived not only from the
air, but from the vegetation decaying upon the soil, together
with organie acids, nitrate of ammonia, &c. I believe that
the remarkable decomposition of the rocks in Brazil has
taken place only in regions anciently, or at present, eovered
by forest. Heusser and Claraz have suggested that it is
aided by nitric acid. They say: “It is, without doubt, de-
termined by the violence and frequency of the tropical rains,
and by the dissolving action of water, which increases with
the temperature. It is necessary to observe, moreover, that
this water contains some nitric acid, on account of the thun-
der-storms which follow each other with great regularity
during many months of the year.”

Professor Agassiz has discussed this subJect at some

* Darwin, Geological Observations, p. 144.

t Pissis, Mém. de UInst. de France, Tom. X. p. 358. It is well to remember
that, before the glacial origin of the clays overlying the decomposed rock was
pointed out by Professor Agassiz, the thickness of these clays was included
in the estimate of the depth to which the decomposition had taken place.

+ MM. Ch. Heusser and G. Claraz, Ann. des Mines, 5°¢ Série, Mém., Tom.
XVIL p. 291.

VOL. I. 2
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length in the Journey in Brazil, his opinion being that the
softening of the rock is due to the action of warm rain-water.
It has been objected to this theory that the stone employed
in Brazil for building purposes endures remarkably well,
showing, after the lapse of centuries, very little change.
This argument, in my opinion, is of very little weight, for
a smooth, naked surface from which the water runs off
rapidly, and which is, the greater part of the time, dry, is
placed under conditions very different from those of the
gneiss overspread by a thick coating of wet drift paste,
and constantly soaked with water.

Brazil is not the only country in which the rocks have
softened to a great depth. The same phenomenon has been
observed in the Southern States of the Union and in India.*
I have seen gneiss decomposed to a depth of several feet in
the vicinity of New York.

When the gneiss is fine-grained, homogeneous, and not
distinetly stratified, it is often difficult to distinguish the
rock decomposed in sitd from the drift; but the line of
demarcation between the two, even when not marked by
the pebble sheet, is usually easily distinguishable even in
old cuttings. The slope of a railway cutting is apt to gully
out along the line of junction of the drift and the underly-
ing decomposed rock. This line is invariably gently undu-
lating, and one never sees jagged edges of strata or angular
masses projecting upward into the drift.

Professor Agassiz has spoken of the valley of Tijuca below
Bennett’s as a loeality where the drift is very beautifully
exhibited. The mountain mass of Tijuca is separated from
the mass of the Corcovado group by the pass of Boa Vista,

* Dr. Benza says that in the Neelgherries granite is sometimes decomposed
to a depth of forty feet. (Madras Journal of Literature, &c., Oct. 1836, p. 246.)
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which is about 1,000 feet above the sea. IKastward runs
the valley of Andarahy downward toward the city, while
to the westward one descends a most romantic valley to
a great alluvial plain, in a sort of bay or amphitheatre
among the hills. This valley, occupied by a tumbling
mountain stream, descends very rapidly, ending abruptly
below the Cascate Grande at some height above the plain.

THE CASCATINHA AT TIJUCA.

Minor valleys from Tijuca and the mountains to the
south descend and join this valley. At Bennett’s the drift
clay is full of boulders of quartz, gneiss, and greenstone.
If we ascend the brook which flows through Mr. Bennett’s
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fazenda for a few rods, we shall find that it has cut its bed
through the general clay sheet which everywhere covers
the hills, and it is perfectly easy to see that this sheet is in
no place a deposit thrown down by the brook. This loose
material consists of a brownish or reddish earth without the
slightest signs of stratification, in which are buried boulders
of gneiss, usually rounded and of many qualities, together
with rounded masses of quartz.

SECTION OF DRIFT AT BENNETT’S, TIJUCA.

At c is a very large boulder of homogeneous, unlaminated,
fine-grained gneiss, from around which the drift has been
washed away, and this rests on a mass, in sitd, of gneiss
coarsely crystallized (porphyritic) and well laminated. At
e we see the gneiss in sitd, much decomposed, and laid bare
in a cutting.

The solid gneiss beds are well seen in the bed of the
brook, and the rock is generally quite coarse and porphyritic
in structure. I find a note of a strike N. 55° W., which, from
the generally uniform northeastward strike seen elsewhere,
might be suspected to be an incorrect observation ; but at
the bridge, a little farther down the brook, I found the
strike to be N. 10° W. If we follow down the valley we
shall find the soil full of boulders, and some of these are
many feet in diameter.

As we descend the valley still further these boulders are
seen lying bare, not only in the brook where the water has
washed away the loose material, but on the hillsides. I
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think that no geologist familiar with drift phenomena, who
should suddenly find himself in this valley, would have even
the slightest suspicion of their being anything else than the
most ample testimony of the former prevalence of glacial
action over the region; yet, in the beginning of his drift
studies in Brazil, he is almost sure to commit some
gross blunders, for it is not even a general rule that the
loose boulders found on the surface are erratics. On my
first visit to Tijuca, very soon after my arrival in Brazil, and
after Professor Agassiz had announced the discovery of
drift at Rio, I was struck with the appearance of some
trap masses on a hillside near Bennett’s, which looked re-
markably like erratics ; but a close study of them satisfied
me that they resulted from the surface decomposition of
a great trap dyke. Not descending far enough into the
valley, and satisfying myself that a great proportion of the
gneiss masses that I examined at the time were not erratics,
I came most decidedly to the conclusion that the surface
deposits of Rio were not drift, but were in some way due to
the decomposition of the rock, as had been heretofore sup-
posed. I desire to record here the fact, that I began my
studies of the DBrazilian drift with a conviction that Pro-
fessor Agassiz was wrong, and I feel much gratified that
my independent observations have so fully confirmed the
results of his own. If one descends the valley towards the
Cascate Grande, he will see that the valley is heaped with a
confusion of immense boulders tumbled one upon another ;
masses of greenstone, weighing hundreds of tons, piled up
with those of gneiss of all qualities. Where these are bare
they are always rounded, as is seen in the engraving, but I
believe that this is referable, to a very large extent, to a
concentric and even decomposition of the surface; but
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BOULDERS AT TIJUCA.

there is no resisting the conclusion that we have here a
morainic deposit from a glacier which anciently occupied the
valley. The above woodcut is from a stereograph published
by Leuzinger at Rio, and represents the boulder masses above
the Cascate Grande. Descending to the plain below the
Cascate, which is also seen in the woodcut, one traces the
drift clays and boulders quite down to the plain, when they
end abruptly, and the flat lands are scen to be of alluvial
origin resting on sea sands, of the same age as the sands of
Paquet4 and the Cantagallo Railroad extension. One can-
not find in the plain, nor did I ever see anywhere on the
beach sands, either drift clays or boulders.
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Returning to the Dom Pedro II. Railroad, we may trace
the drift sheet everywhere from Belem to the Barra do
Pirahy, over the whole Serra do Mar; and one may here
study its structure in the most detailed way. From Belem
to the Parahyba River the same red clay entirely covers
the surface, lying even on very high slopes. Nowhere is
there the slightest sign of stratification, and it is sharply
defined from the alluvial deposits of the river. The same
pebble sheet is seen almost everywhere, though in cutting
after cutting it may sometimes be wanting. Boulders are
rare, and are almost invariably so decomposed as to be
seen only in.fresh cuttings. The rock on which the drift
rests is always smoothly and evenly rounded down. The
following diagram will illustrate the structure of one of
the gneiss hillocks of the Serra do Mar.

IDEAL SECTION OF DRIFT-COVERED GNEISS HILL.

a a. Drift clay.
f.f+ Angular fragments of quartz.
b b. Pebble sheet lying on rounded surface of gneiss.
d d. Gneiss in sitid, but decomposed.
e e. Gneiss undecomposed.
g 9. Quartz and granite veins traversing both solid and decomposed gneiss.

Among the first elements in the Brazilian mountain
scenery which attract the attention of the observer on
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approaching the coast near Rio are the bare rock slopes
which, instead of forming ragged precipices, as in northern
latitudes, are most remarkably smooth, and devoid of irregu-
laritics ; and these surfaces, where the rock is homogeneous
in texture, usually have a high slope, and frequently de-
scend and dip beneath the sea level, the sea washing over
their even faces.* Sometimes the top of a hill is bare,
evenly moulded, and round, or a rounded boss projects
from the side of a hill. These smooth cliffs and rock-slopes
are heavily striped above the sea by broad lines drawn down
their faces, blackened by a sort of cryptogamic growth;
so that these slopes, of a rich, rather purplish, black tint,
show very strangely, especially when set into the mantle of
verdure which covefs the hills. Of this character are the
bare mass of the Sugar-loaf, the precipiees of the Corcovado,
and the steep slopes of hundreds of hills in the vicinity.
Approaching nearer to one of these slopes, we find that its
surface is often scored by a system of little rain-courses,
and is eovered by cactuses and bromeliaceous plants.
The Pedra Bonita is a bare mass of rock opposite the
Gavia, but not so high. It is partly surrounded by almost
vertical slopes, and on top, over a large area, is bare and
rounded off. Here, though one may observe the same
thing elsewhere, the way in which this rounding and
smoothing down of the rock is produced may be studied,
and one is soon forced to believe, that, whatever the gla-
ciers may have contributed to the shaping of the topo-
* These evenly rounded, wave-washed rock slopes are very interesting, and
have already been called attention to by Darwin (Geological Observations, p.
144). Such slopes may be seen not only on the shores of the quiet bays, but
exposed to the full wash of the Atlantic waves, as at the mouth of the Bay of

Rio and elsewhere. In describing, farther on, the Bay of Espirito Santo, I shall
show how these wave-washed slopes originate.
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graphical features of the country, the general moulding of
the hills has been due primarily to subaerial denudation.
The gneiss of the Pedra Bonita is decomposing. Where the
rock is level the decomposed feldspar, &e. has been washed
away by the rain, and we have the rock covered by a thin
coating of loose quartz grains, which I hardly need say are
angular. Where there is a decided slope, the loose sand is
washed or blown away. The rock itself is much softened
on the surface, and, to a considerable depth, the feldspar
has been more or less altered. This semi-decomposed layer
forms a concentric coat over the whole rock. Sometimes
this is continuous and unbroken, but if the area exposed be
large, we usually find that there is a tendency for it to sep-
arate itself from the undecomposed rock below, and to
crack up. Sometimes this layer is only a few inches in
thickness, in others it may be several feet. When the
surface is horizontal, or nearly so, the tendency is for it
to break up finally into small angular pieces, which, wasting
away and rounding down by decomposition, cover the rock
with loose, boulder-like masses, or are entirely removed,
leaving a smooth, unencumbered surface. If the slope be
very steep or vertical, the decomposed mass may fall or slide
off. On very steep slopes, as those of the Sugar-loaf, Cor-
covado, Morro de Santa Theresa, and elsewhere, this sheet
scales off and falls, breaking up below. The Brazilian gneiss
cliffs rarely have a falus of broken fragments at their base.
The decomposition going on evenly all over their face gives
only sand and clay, washed down by the rains and distrib-
uted over the earthy slope below, and the half-decomposed
fragments soften and finally decompose entirely. One must
be very careful in examining a cutting that runs under a high

cliff, for the earth resulting from the decomposition of the
2% o
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face of the cliff resembles more or less the drift-earth spread
over the surface of the ground. Oftentimes a mass of
half-decomposed rock separates itself from the face of the
cliff in a great lenticular sheet. This may crack across
horizontally, particularly if the plane of stratification cuts
the surface of the cliff in this way, and the lower half may
drop off, leaving an overhanging portion attached to the
cliff. One may observe hanging masses of this kind at-
tached to the precipice of the Sugar-loaf and Corcovado,
and in innumerable other gneiss localities. If we exam-
ine one of the rounded gneiss hills,— as, for instance, one
of those just behind the Dom Pedro II. Hospital at Bota-
fogo, where part of the hill is bare and stecp, — looking
at the hill in a cross-section, we may observe that the gen-
eral rounded curves of the drift-covered portion are quite
out of harmony with those of the bare portions, which are
usually flatter, and we may further notice that the very steep
slopes or precipices are usually on the side of the hill away
from which the strata dip. This is the case on both sides
of the Botafogo valley. In the following diagram I have
tried to represent the difference in moulding between a
glaciated surface and that of one of these bare cliffs.

DIAGRAM TO SHOW CONTRAST IN MOULDING BETWEEN DRIFT-COVERED AND
BARE SURFACES.
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The outline of the drift-covered portion of the hill, a 3,
has been unchanged sinee the drift ; for though the rock has
been protected by the drift, the gneiss has decomposed, but
has remained in sitd. Over the face, b ¢, the decomposi-
tion has gone on also; but since the slope has not been
protected, it has worn constantly backwards, growing grad-
ually more regular in outline as each new decomposed coat
was thrown off. If one will take the pains to examine
the curves resulting from the decomposition of bare sur-
faces, and those which result from decomposition where,
as under a drift-sheet, the decomposed rock remains in sitd,
he will be convinced that the moulding of the surface of the
gneiss on which the drift rests is of an altogether different
character from that resulting from simple subaerial denu-
dation. 7

The sands containing recent shells along the Bay of Rio,
and elsewhere, and which rise to the height of a few feet
above high-water mark, bespeak a recent elevation of the
coast, as has been observed independently by his Majesty the
Emperor, Dr. Capanema,* and myself; but there are other
proofs of the same upheaval in the holes excavated by sea-
urchins, which are found in the vicinity, in many places
many feet above high-water mark.

The islands of Maricés lie a few miles off the coast

* Dr. G. S. de Capanema has written more or less on the geology of Brazil.
One of his papers mentioned by Burton bears the title, “ Decomposi¢do dos
Penedos no Brasil,” and was published at Rio in 1866. I am very sorry that I
have never seen any of the papers of this geologist, who has travelled very ex-
tensively over the Empire. I know of his work only through quotations or
references. From a MS. of Major Coutinho, placed in my hands by Professor
Agassiz, I should infer that Dr. Capanema is a disbeliever in the glacial origin
of the surface deposits claimed by Professor Agassiz and myself to be drift, and
that he rather considers them to be the result of decomposition alone.
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between Rio and Cape Frio. They are composed of
gneiss in beds of unequal hardness, and a most excellent
opportunity is afforded for the comparison of glaciated
rock surfaces and surfaces denuded by subaerial decom-
position, or wave action. The general surface of the isl-
ands is rounded, and is covered by drift clay. Some bare
rocks are evenly rounded, but along the shore, where the
waves beat, the softer beds are worn away more deeply than
the hard ones, and the surface is very irregular. On the
rocks a species of Echinometra (E. Michelini Desor), a sca-
urchin with moderately long, dark-purple spines, is very com-
mon, living in a zone extending downwards from some dis-
tance below high-water mark. Herethey are found, eachina
cup-shaped depression worn in the rock, and in some places
the rock is fairly honeycombed on the surface by their
“nests.” Above the zone of living sea-urchins the nests
are found, but they are ‘empty, and in protected localities,
as, for instance, in narrow openings between rocks, they
may be observed to extend to a height of several feet above
high-water level, showing that the elevation of the coast has
been very recent. I have observed that the nests appear
less and less well preserved the higher we examine them,
which has convinced me that the upheaval has been a
gradual one, and I believe that it is still in progress.

The coast between Rio and Cape Frio is, for a large part,
high and exceedingly picturesque. Many of the hills are
bare and strangely shaped. The following sketch represents
the coast as seen from near the island of Maric4s. To the
left are the hills of Rio.

Long sea-beaches stretching across bays formed by the
hills have formed lagoons along this coast, and the low
grounds between the mouth of Rio and Ponta Negra
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COAST JUST EAST OF RIO.

are largely occupied by swamps and lagoons. Of the latter
the most notable is the Lagba de Maricé,, which is some six
miles long, salt, and separated from the sea, like the Lagba de
Freitas, by a sand-beach, through which the inhabitants are
obliged occasionally to cut, in order to give passage to the
waters of the lake during times of freshets. This lake, as
well as the ®thers along this coast, is extraordinarily rich
in fish.

A sandy shore extends from west to east from Ponta
Negra to Cape Frio. ¢ It may be eight or ten leagues wide
from the sea to the cordilheira, being roughened in this in-
terval by several serras, and occupied in parts by various
lagdas. All the flat part of this plain is useless for agricul-
tural purposes on account of the depth of the sand, and its
being overflowed a part of the year.””* This low country ap-
pears to extend along the Rios Sa3o Jodo and Una to the
sea north of Cape Frio.

Lagla Saquarema is a large lake lying east of Ponta Ne-
gra, and separated from the sea, like the Lag0a Maric4, by a
sand strip. It is three (Portuguese) miles long, and three

* Diccionario Geografico, art. Maricd. This work is a mere compilation,
and is full of inaccuracies. In quoting from it I have done so with much care.
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quarters of a league in its greatest width. It is salt, full of
fish, and separated from the sea by a narrow tract of sandy
ground. When the adjoining plains begin to be covered
by the floods of the streams which empty into it, the inhab-
itants of the vicinity open an outlet to the occan at the
castern extremity, which remains an unfordable river during
the winter, at the end of which the surf closes it up.” *

Lagba Araruama is a narrow strip of salt water about
twenty miles long, and with a varying width, in some places
several miles, lying on the coast west of Cape Frio, and
separated from the sea by a narrow strip of sand thrown
up by the waves. Cazal says{ that ‘it emptics itself
from its eastern extremity by a canal twenty-six bracas
large at its mouth, which is situated at a distance of a
league and a half north of Cape Frio. Notwithstanding
that a number of streams empty into it, its waters are salted
by the communication which they have witl? the ocean.
The tide makes itself felt as far as Ponta Grossa, which is
situated at about its middle. Thence westward the waters
go with the winds. It abounds in fish of various kinds.
In some parts it is many bracas in depth,} in others
one may wade from one shore to the other.” Milliet says
that “ between the sea, the city, and the Lake Araranma
are natural salines, which were prohibited by royal letters
on the 26th of February, 1690, and 18th of January, 1691,
the Portuguese government intending thereby to favor the

* Corografia Brazilica, Tom. II. p. 38. This old work by Cazal, published in
1818, is very much more reliable than the Diccionario Geografico.

t Corografia Brazilica, Tom. 1I. p. 38.

} Prinz Max. zn Neu-Wied, Reise nach Brasilien, 1 Band, 85* Seite. “ Wir
fanden das Wasser der Lagda von geringer Tiefe und so klar, dass wir

den weissen Sandboden des Grundes mit scinen Korallengewiichsen deutlich
wahrnehmen konnten ; bei der geringen Tiefe sassen wir oft fest.”
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commerce of salt of its own European possessions. Not-
withstanding the royal decrees, Domingos da Silva Ribeiro,
judge-in-ordinary of this eity, ordered, in 1768, that the
communication between Lake Araruama and the salines of
Magabamba be closed, and in the following year the above
salines furnished in six months 50,000 alqueires of salt.”
Cape Frio is the name given to the southernmost point of
a high, precipitous gneiss island, situated at the angle where
the coast line, coming eastward from Rio, bends northward
toward Cape Sdo Thomé. It is only about three miles long,
very irregular in outline, and is almost divided into two
parts. The northern is, according to Mouchez, 394 metres
in altitude. A lighthouse was erected on this point, but it

CAPE FRIO.

proved to be at too great a height, being above the level of
the clouds, so that it had to be abandoned. The present
lighthouse is situated at a lower level on the southern point.
The island is separated from the main-land by a narrow
but rather deep channel. The land opposite consists of a
group of gneiss hills, formerly islands, which have been
united together by sand beaches and sand plains, which
extend northwestward, joining the beach of Macambam-
ba, or Massambamba, and running northward to the Rio
Itajurd.
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Between the city of Cape Frio and Os Buzios the coast is
very irregular in outline, rather low, with small gneiss hills
along the shore, forming occasional rocky promontories
which are united by curving sea-beaches. I find in my
notes the query whether the low flat lands seen from the sea
may not be Tertiary. Towards Armagio the coast is bor-
dered by low gneiss hills, which, owing to the northwest
(landward) dip of the rocks, and the correspondence of
their strike with the general trend of the coast, as well as
from the way in which they have been worn by the waves,
present to the sea perpendicular, rugged cliffs of no great
altitude. Along this coast are quite a number of little
rocky islets of gneiss.

At Os Buzios* the coast line suddenly bends off to the
northwestward, and runs towards Sao Jodo, when it curves
round and sweeps off with a northeast trend to Cape Sio
Thomé. The gneiss shows itself on the shore of the point
just east of the town. It is well laminated, much plicated,
and has a general low dip to the northwestward. The
gneiss of the point on the western side of the town has very
much the same character. The gneiss behind the town
seems to be overlaid by tertiary clays, which show them-
selves in the point west of the town; but I had no opportu-
nity of examining them with much care. They are so much
denuded that they are not easily recognizable by topograph-

* Os Buzios takes its name from its richness in shells. Among the species I
collected there were Cassis Madagascariensis and Cyprcea exanthema. Woodward
in his Manual says that no Cyprmas occur on the Brazilian coast. Cyprea
exanthema is not at all rare, and occurs also at Bahia, where I have found an-
other little species in great abundance. Several species of corals occur at Os
Buzios ; Millepora alcicornis is especially abundant, and the rocks are covered
with patches of the common Palythoa, together with a Zoanthus with an cmer-
ald disk, common elsewhere on the coast.
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ical features alone. There is a small hill just east of the
village which bears a little church. It is cut away on the
shore by the waves, and forms a little bluff composed of
rounded quartz pebbles derived from the rocks of the
vicinity, cemented together loosely by a soft, greenish
clay. I have scen nothing like it elsewhere. Westward
of Os Buzios is quite a range of gneiss hills, lying between
the head-waters of the Rios Garcia and Trapiche. The
shore beyond the rocky point west of Os Buzios appears, for
some distance, to be tertiary, but there are some patches
of recent sands. These deposits appear to terminate on the
shore with a bright red cliff, very conspicuous from a
distance, when the tertiary bluffs recede from the coast,
and a sandy flat, backed by low plains, extends on to the
gneiss hills of the Serra de Sdo Jodio. Thence to Macahé
much of the shore is low, with stretches of tertiary clays,
more or less denuded, and gneiss hills. North of Macahé
the tertiary plains soon recede from the coast running off to-
ward Campos on the Rio Parahyba do Sul, the land border-
ing the coast being flat, more or less swampy, and diversified
by numberless shallow lagoons, some of which are of large
extent. Off Macahé, and distant a few miles from the
shore, lie the little gneiss islands of Santa Anna, known
to coasters as their only retreat, north of Os Buzios, when
storms or northeast winds prevent them from passing Cape
Sao Thomé. There is usually a strong current off the
Cape, but it is very variable. During the prevalence of
a long northeast blow it runs southward with such rapidity
that it is impossible for coasting vessels to tack against
it. They may succeed in beating up from the islands
of Santa Anna, close to the shore, until they reach the
Cape, but they are then swept back. I was once nearly
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a fortnight beating off this coast during the prevalence of a
northeast breeze, and I visited the islands many times.
They are of no very especial interest, but one may observe
here the sea-urchins’ nests, raised above high-water mark,
and may study some of the topographical features developed
by decomposition. I add a little sketch of the westernmost
island, as seen from the northeast, to show the smoothly
rounded character of its steep sides.

ONE OF THE ISLANDS OF SANTA ANNA.

The Serras, always clothed with the virgin forest, stretch
along, at varying distances from the coast, in a magnificent
range of hills, with steep slopes toward the sea, forming one
of the grandest panoramas of mountain scenery on the
coast of Brazil. Of the altitude of these hills I have no pre-
cise information, but I should estimate some of them as at
least 6,500 feet. There is one very conspicuous, obelisk-like
peak, lying behind Macahé, but standing somewhat in
advance of the general range of the Serra, and called the
Frade de Macahé. Lieutenant Mouchez* gives its altitude
on one of his charts as 1,750 metres (5,745 feet), which

* Lieutenant Mouchez has on his charts given the heights of various hills
along the coast, but I find no note as to whether they are the results of actual
measurements.
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would make it almost as high as the Serra da Piedade in
Minas. The Serras break down on reaching the valley of
the Parahyba River, just below Sio Fidelis, when, in de-
tached Serras, they recede somewhat from the coast, cross
the Muriahé and Itabapuana rivers, tying in with the Serras
of Itabapuana and Itapémerim, and forming some very
picturesque mountain scenery.

All the flat, sandy, and swampy land, interspersed with
lagoons, which borders the Rio Parahyba almost to Campos,
a city some miles above its mouth, as well as that which
stretches southward to Macahé, or thereabouts, is of very re-
cent formation, and is composed principally of sands and silt
brought down by the river. Off the coast of Sio Thomé,
as well as for some distance northward, the water is very
shallow, and much discolored. These lands are bordered
by a long, dreary sand-beach.* The country behind is,
to a considerable extent, covered by shrubbery and trees,
but there are extensive open plains where herds of cattle
graze. By means of a ditch uniting the lagoons, and dig-
nified by the name of a canal, water communication with
Macahé has been opened,f and a considerable trade is
carried on between the two places, or the settlements on the
route, by means of canoes. Much of this swampy ground is
excellent for rice,—an important product of this part of
the country.

The lakes of this region are very numerous. They are all
shallow, but some are several leagues in diameter. The

* Owing to the northeast trend of the beach south of Cape Frio, and the
prevalence of northeast winds, the waves strike the beach obliquely, and there
is a tendency for the sands to move southward. There are no dunes here.

t I have understood that this canal was finished, but Pompéo says that in 1864
it was only two thirds completed.
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largest is Lagba Feia, an irregular lake some twenty miles
long, lying about ten miles south of Campos. Owing to its
great area and its very small depth, its waters are kept con-
stantly turbid through their agitation by the winds. It re-
ceives from the west quite a little stream, the ‘Rio Macabq,
which rises near the Serra do Frade. This river is navi-
gable for canoes for some twenty miles above the lake.
Another mountain stream of considerable importance rises
among the. Serras just north of the Macabd, and uniting in
its course several large lakes, also enters Lagba Feia.
This lake is united on all sides with a multitude of lagoons
of greater or less size by a perfect network of little channels,
so that its waters flow partly to the north into the Para-
hyba, while in part they escape into a system of long narrow
lagoons that stretch along just behind the beach ridges of
the shore at Cape Sdo Thomé, and communicate by channels
across the beach with the sea. One of these lagoons, which
passes by the name of the Rio Iguassd, is some fifteen miles
long. It has evidently been formed by the throwing up in
very recent times, probably during the prevalence of some
very heavy storm, of a line of sand-beach just outside of the
shore. Similar lagoons are found elsewhere along the
coast, as for instance just south of Belmonte, on the
Jequitinhonha, and I believe that the great line of sand-
beaches stretching along the coast was thrown up, to begin
with, by an extraordinarily heavy storm which prevailed
along the whole coast, and which, in many instances, where
the water was very shallow, disturbed the bottom at some
little distance outside of the shore line, throwing up a sand
barrier which, through the drifting of sands by the winds, as
well as by the action of the waves, has since reached its pres-
ent dimensions. During the overflow of the Parahyba its
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waters back up over much of the plain on both sides of the
river, and the country becomes largely submerged. At the
time of the enchente, or annual freshet, the inhabitants cut
outlets across the sea-beaches for some of the lakes in the
southern part of the campos. North of the Parahyba, and
near the city of Campos, there is another large lake called
Lag0a do Campello, and the country thence northward to the
Guaxindiba is full of lagoons and cut up by little channels.
The Parahyba empties into the sea by two mouths, distant
some two miles from one another, and between which is the
Ilha do Lima. The delta of the Parahyba projects two or
three miles beyond the general line of the coast. The
mouths of the river are obstructed by bars, over which the
waves at times break fearfully, and an entrance can ordina-
rily be effected only at high tide ; yet small coasting steamers
and vessels do enter, and small river steamers, and some-
times even schooners, ascend as far as Campos. At the
mouth on the south side is the miserable little town of S3o
Jodo da Barra, built on a sand-bank which admits of no cul-
tivation whatever. It contains some two thousand inhabi-
tants, who subsist principally by fishery, shipbuilding, and
commerce. It owes its importance to the sole fact that ves-
sels are often long delayed either off the bar waiting to enter,
or inside waiting to go out, and this keeps up a little trade.
In its lower course the river is wide and shallow. Mangrove
swamps and low grounds, sometimes covered with bushes
and trees, often waving with the tasselly spikes of the
Uba (Gynerium parvifolium Nees), border it for a few
miles, but by and by the banks, which are composed
of the richest alluvial clay, grow higher, and thence to
Campos the beautiful river is bordered by immense sugar
plantations, and the scenery is enlivened by frequent
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fazendas and the fabricas with their tall smoke-stacks.
The plains are covered with thick beds of silt, deposited
by the river during the annual overflows.

The waters of the Parahyba, as well as of all the moun-
tain streams of the province flowing through gneiss re-
gions, are very turbid and wusually of a milky brown-
ish tinge, throwing down a copious sediment, even in dry
times ; but when the river is swollen by rains, the quan-
tity of silt is very much increased. This material, whether
derived from the gneiss rock itself or from the drift, consists
chiefly of decomposed feldspar and mica, and the water of the
river is glistening with the minute silvery flakes of the latter
mineral. The soil deposited by the river is very productive
in sugar-cane, and the region round about Campos manu-
factures a very large amount of sugar and rum, the former of
a very good quality; and this is the principal produet of
the plains. At Campos the country, though flat, is some-
what higher, and one may see, from an inspection of the
river-bank, that the alluvial deposits are underlaid by
tertiary clays which have been more or less denuded.

Notwithstanding the turbidness of the water of the Para-
hyba, it is, when the sediment has been deposited, very pot-
able, and may be preserved for a long time. The usual cus-
tom is to keep the water in great earthen jars, sometimes
weeks or months before using it.

The city of Campos is a respectable town of about twenty
thousand * inhabitants, built on the right bank of the river.
Its trade consists principally in sugar and coffee, and it is a
place of extraordinary stir. The vicinity is flat and fertile,

* At least so says Pompéo in his Geography. As there has been no regular
census, it is impossible to give with accuracy the number of inbabitants of
Brazilian towns.
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and largely cultivated for sugar. In the vicinity of Campos
the Geyabeira, or Guava-tree of the West Indies (Psidium
Guaiava Raddi), is very largely cultivated, and the fruit is
manufactured into a sweetmeat which is exported in great
quantity from Campos. There are extensive low tracts
which in the wet season — in part for the whole year —
form shallow lagoons and marshes. In these marshes, as
well as in the ditch, dignified by the name of canal, which
runs Macahé-ward, Mr. Copeland and I collected a great
abundance of ampullarie, planorbes, &c. The former I
found laying in June. The eggs were large and salmon-col-
ored, and were attached in bunches to the grass. These
swamps are also rich in fish, Piabas, Acaras, Trahiras, &c.

The Rio Muriahé is a little stream entering the Para-
hyba from the north a short distance above Campos, tak-
ing its rise in the province of Minas. At its mouth it is
perhaps 400 or 500 feet wide. It is navigable for a few miles
to the first falls. The following observations were made
during an ichthyological excursion up the river: The lands
in the vicinity of the mouth of the river along the left bank
of the Parahyba are alluvial and flat, so far as I could
see. Two miles up the river, near the fazenda of the
Baroness of Muriahé, the ground rises somewhat above its
general level, is hummocky, diversified by immense ant-
hills, and covered by a red drift soil.

Ascending a little farther, higher grounds of the same
character are cut through, and they are seen to be composed
of tertiary clays and sandstones, as may be observed in a
bluff near Jundid. At Pestrella the land rises to a height
of seventy feet, and is composed below of a thick bed of
coarse dark-red sandstone, extending below water-level,
over which are beds of whitish and red sandy eclays.
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These hills are outliers of the tertiary beds of the coast,
much denuded by glacial action. A large part of the lands
bordering the river are low, and above the fazenda of the
Bardo d’Itabapuana they consist of beds of horizontally
stratified sands above, with irregularly stratified brown
clayey earth below. In this last were layers of a dark ma-
terial, which appeared to be made up of leaves. I may here
state that it has been reported that coal, or lignite, occurs
in the vieinity of Campos. I have seen no signs of pal®ozoic
or secondary rocks anywhere in the province of Rio de
Janeiro, and at Campos I could not learn of the existence
of any such deposits. The report may have originated from
these recent vegetable deposits on the Muriahé. Gneiss
shows itself at the fazenda of Piranga. Above the fazenda
of Oiteiro the plains cease,and the river winds among gneiss
hills, some of which are of considerable altitude ; the Morro
do Sapateiro, distant a few miles northwest of the Santa Rita,
being perhaps 2,000 feet in altitude, while the Serra da
Ongca, on the opposite side of the river, is set down by Mou-
chez as 1,400 metres in height.

The soils of the higher lands I examined on the Muriahé
were not good, but those of the lower were. The principal
product of the region is sugar, and there are some immense
fabricas on the river, as, for instance, those of Taepebas *
and the one belonging to Senhor Jodo Caldas Vianna, Jr.,
which were the only ones we visited.

At the warehouse of Senhor Amaral, at the head of naviga-
tion, the country consists of gneiss, with rather low rounded
hills bordering the river, and higher ones on the southwest.
At the warchouse I found the strike N. 65° E., dip 85° W.,

* This factory is worked by steam, and the molasses is separated from the
sugar by centrifugal motion.
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and a short distance up the river at the fazenda de Santa
Maria das Taepebas I observed a well laminated gray and
fine-grained gneiss, with strike N. 60°-62° E., dip nearly
vertical. Garnets are abundant in the rock here.

In ascending the Parahyba from Campos to Sio Fidelis,
the head of steam navigation, we have hefore us one of the
finest pieces of river and mountain scenery on the coast.

LOOKING UP THE RIO PARAHYBA FROM ABOVE CAMPOS.

For about one third of the distance above Campos the
country bordering the river is flat. It then becomes higher
and more uneven, and gneiss is seen in the river-banks.
What appears to be the highest point of the Sapateiro
range is on the Parahyba River, on the left bank. It is
a large dome-shaped hill, with more or less bare, precipi-
tous sides. Between it and the river are several other quite
prominent hills, in the first of which are quarries, from
which a large part of the gneiss used for building purposes
in Campos is obtained. On the western side of the river
opposite the Sapateiro range stretch westward the serras of
S0 Fidelis in a series of sharp peaks. The height of some
of the peaks must be at least 3,500 feet, probably more.
The sides of the mountains are all regularly rounded like

those of Rio. Like the Organs, some of the hills are very
VOL. I. 3 D
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sharp, but they are not so prominent as to give to this land-
scape so striking a character as the Organs do to the scenery
of the serra of that name. The gneiss of Sao Fidelis is similar
to that of Rio, and contains a large quantity of garnets, some
of the crystals of which are an inch and a half in diameter.
At a rocky place by the river-side I observed a strike of
N. 64° E., the dip being vertical. At Sao Fidelis navigation
ends. Above that point the river is full of rapids, obstruct-
ed by rocks, and is navigable only for canoes and the like.
The lands of the immediate vicinity are not largely culti-
vated.

At Cantagallo, during the reign of the first Vice-King of
Brazil, gold was discovered by certain seekers and smug-
glers of gold, garimpeiros, who, quietly taking possession of
the place for many years, extracted gold in secret, and it
was a long time before the Brazilian government discovered
the region whence so much gold found its way to the capital.
Mawe says that the rock of the locality is granite composed
of feldspar, hornblende, quartz, mica, sometimes holding gar-
nets, — evidently gneiss, like that of the Serra do Mar to the
westward. He states that the gold comes from the lowest
bed of cascalho, or gravel, occurring always in rounded
grains, and that he never saw a crystallized specimen.  Gold
and ferric oxide were the only metallic substances found
here. At the time of Mawe’s visit (1808) so little gold was
extracted, that the quinto, or royalty, paid to the govern-
ment would scarcely suffice to pay the officers and soldiers
appointed to collect it. Von Tschudi says* that the gold
of Cantagallo came from the bed of a stream. _

Another locality where gold was formerly washed is Santa

* Reisen durch Sid-America, Dritter Band, 176% Seite. Tl;is volume con-
tains a lengthy description of Cantagallo and Nova Friburgo.
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Rita, a place about five Brazilian leagues northeast of Can-
tagallo. Mawe* deseribes the gold as oceurring in a bed
of cascalho,} or gravel, overlaid by earth. The layer of
cascalho varies in thickness from two feet to seven or eight
inches, and lies under a thickness of four or five feet of
earth.

The Cantagallo region was never very rich in gold. At
Santa Rita and in the vieinity Mawe found heavy deposits
of limestone.

From Sao Fidelis I made a horseback journey in eompany
with Mr. Copeland across the eountry northward by way of
the Valldo Grande, to Bom Jesuson the Itabapuana River, the
dividing line between the provinces of Rioand Espirito Santo.

For the greater part of the distanee to the Rio Muriahé
the road led through the most dense and luxuriant virgin
forest. Little was to be seen of the rock, or even of the
“soil, but I observed that the drift elay, where exposed,
often contained boulders of gneiss; and masses of rock
of large size werc sometimes seen resting upon it. On

* ¢ Travels in the Interior of Brazil, particularly in the Gold and Diamond
Districts of that Country. By Authority of the Prinee Regent of Portugal. By
John Mawe.” Ido not know the date of the English edition. I have a eopy of
the Ameriean reprint, which appeared in 1816, and was published in Philadel-
phia. It has as a frontispiece a large steel engraving, representing a number
of negroes at work under a long thatched shed washing for diamonds, — an en-
graving which has been copied over and over again, and is familiar to every
young student of geography. A German edition in my possession, entitled
Reisen in das Innere von Brasilien, was published in 1816 at Leipzig, while
Burton mentions a French work bearing the title Voyages dans U Intérieur du
Brésil en 1809 et 1810, published in the same year, and which I suppose to be a
translation of the above “ Travels,” thongh Mawe began his explorations in
Brazil in September, 1807. This is a work of much interest, and contains many
valuable geological facts.

t The word cascalko, pronounced cascalyo, means gravel in Portuguese. In
Brazil the auriferous cascalho is almost invariably composed of quartz pebbles.
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the Valldo Grande, about a league west of the river Muriahé,
I saw well-laminated gneiss with a strike of N. 64° K.,
and a northward dip. The wvalley of the Muriahé I
found well cultivated where I crossed it, and furnishing
large crops of sugar-cane. Leaving the river, our course lay
over a serra, which our guide called Mattica. It is com-
posed of gneiss, and must be over 2,000 feet high. On our
descent on the northern side, I observed thick beds of a kind
of gneiss composed almost entirely of quartz, and in the
drift I saw boulders of this rock mixed up with boulders of
common gray gneiss.*  TFrom this serra to Bom Jesus the
country is all gneiss, with low rounded hills, the whole
being covered with a most vigorous forest growth. The Rio
Itabapuana is a little stream comparable to the Rio Pirahy on
the Dom Pedro II. Railroad. Between Bom Jesus and the
Ribeirdo do Jardim the land is rather low, and diversified
by rounded gneiss hills of inconsiderable elevation. The
river is bordered by flat, alluvial lands, often marshy, the
resort of great numbers of water-birds, piagocas (Larra
Jacana), cranes, &c.

On the Espirito Santo side, between the Ribeirfio do Jar-
dim and the Ribeirdo Formoso, begins the Serra de Sao
Romio e Santa Paz, or the Serra de Itabapuana, which rises
abruptly from the river and, more or less broken, runs off
in a northeast direction to the Rio Itapémerim. The hills
on the Rio Itabapuana are more than a thousand feet high,
and are composed of gneiss which dips southward at a
moderate angle and with its usual strike. They are very
precipitous on the southern side, the rocks being covered
by an abundant growth of cactuses, &c. On the same side
of the river, in the angle between the Ribeirio Formoso and

* T was told that there was limestone in this serra, but I saw none.
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the Itabapuana, is a solitary irregular conical peak called the
Pedra Formosa, which, standing alone in front of the amphi-
theatre formed by the Serra of Sio Rom#o, and that of Santa
Paz, forms a fine piece of mountain secenery. Thence onward
to the fazenda of Sdo Pedro the country is still gneiss, the
hills are low, covered by a most fertile red drift soil, and are
heavily forest-clothed. The river is rocky and swift, and just
below the fazenda there are some considerable rapids which
extend for nearly a mile, and would furnish an abundant
water-power. The soils of this vicinity are very good, and
excellent cane, coffee, and cotton are raised. The cotton
which I examined on the fazenda of Senhor Martinho Fr.
Medino was the finest I ever saw on the coast. The
gneiss of this vicinity, and of Porto da Limeira, lies remark-
ably horizontally. At the rapids at the fazenda of Senhor
Martinho it has a northward dip of some ten degrees only.
At Sfo Pedro and Porto da Limeira it is well laminated, but
it has a very irregular dip and strike, though the dip is
generally northward. The rock is full of granite and quartz
veins. About three miles south of Limeira is a remarkable
isolated peak called the Garrafdo,* or the « demijohn,” which
forms a very conspicuous landmark, visible from a consider-
able distance off the coast at sea. It is precipitous on all
sides, and as it is long from east to west, and very narrow,
it presents very different aspects according to the position
from which it is secen. From some points of the compass it
appears dome-shaped, from others like an immense tower or
pillar rising out of the generally plain country. Mouchez
estimates its height at 910 metres ; I should set it down as
between 2,500 and 8,000 feet.

* It has almost precisely the same structure and nearly the same form as the
Garrafio among the “ Organs.”
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Between the Rio Itabapuana and the Parahyba, eight or
ten miles south of the Garrafio, and in a line with the Serra da,
Onga, is a remarkable group of gneiss hills, which is visible
from Cape Sio Thomé, a distance of at least forty miles.
One of these is a very sharp, conical needle, called Pedra
Lisa.* This needle is seen in the following sketch.

THE PEDRA LISA.

Descending the river from Porto da Limeira, one soon
leaves the gneiss region, and comes upon a flat country, for
the most part very heavily wooded, and more or less diver-
sified by shallow lagoons, one of which, Lagoa Feia, is quite
extensive. The river is very narrow and tortuous, and only
navigable for very small steamers. Much of the land is very
low, and must be frequently overflowed ; but there are some
considerable patches of tertiary, which are however much
denuded. At the fazendas of Senhores Pedro Mendes and
Antonio Martim these lands rise to a height of perhaps sixty
feet, and on the river they are scen to be composed of the
characteristic tertiary sandstones and clays. The little
village of the Barra do Itabapuana, principally inhabited by

* 1 have seen this remarkable peak from all sides. It always appears as a
needle or sharp cone. Mouchez makes it 1,150 metres in height, and I do not
think he has over-estimated it.
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fishermen, is built on a strii) of sand on the right bank of
the river, near the mouth. It is separated from the shore
by a narrow, shallow channel, or lagoon, which runs south-
ward from the river, parallel with the shore, and just behind
the beach ridge. This lagoon communicates with a marshy
tract covered by mangroves,* south of which red tertiary
sandstones are exposed on the edge of the marsh, and the
land rises apparently some twenty feet, forming to the south-
ward a large patch of tertiary. Opposite the town there is
a large sandy island, which is separated from the beach by
a lagoon which stretches northward along the shore for
some distance.

A league or more to the south of the Barra do Itabapuana
are two or three rocky points of tertiary sandstone, present-
ing low red cliffs. The same rock is said to occur at Man-
guinhos. Isolated masses of this rock, covered at high tide,
occur off the Barra of the Itabapuana, and also at Man-
guinhos.

The mouth of the Itabapuana is, like the Parahyba, ob-
structed by a sand-bar, and is entered with difficulty. The
water is shallow off the coast, and vessels sometimes anechor
outside the bar and take in cargoes of wood, &e.

* The mud of the mangrove swamps is very soft, being composed of the
finest kind of silt, and it is black and stinking with decaying matter. It is full
of shells, leaves, the exuvie of crabs, &c.

t Ita, in Tupy, means stone, and poam or puam an island ; and I suspect that
the name Itabapuana may have been given from the little rocky islands men-
tioned below. Cazal gives the name of the river as Camapuan or Cabapuanna,
and says that the savages called it Reritighd. (Corografia, Vol. I. p. 61.)



56 GEOLOGY AND PHYSICAL GEOGRAPHY.

CHAPTER 11I.

PROVINCE OF ESPIRITO SANTO.

Barreiras do Sirf. — Itapémerim. — Coast between Itapémerim and Benevente,
— Benevente. — Guarapary ; Consolidated Beach, Corals, &c. — Rio Jecil. —
Bay of Espirito Santo, — Nossa Senhora da Penha. — Victoria. — Decom-
position of Gneiss and Formation of Boulders of Decomposition. — Recent
Rise of the Coast. — Corals, &c. of the Bay of Victoria. — Rio Santa Ma-
ria. — German Colonies. — Fisheries, — Sand Plains.— Tertiary Plain at
Carapina. — Mestre Alvaro. — Serra. — Nova Almeida. — Rio Reis Magos. —
Santa Cruz. — Basin of the Rio Doce. — Deseription of the River. — Guan-
di: its Colony and Agricultural Resources.—Porto de Souza.— Geolog;
of Vicinity. — Luxuriance of Vegetation on the Doce. — Woods. — Game.
— Francylvania. — Climate of the Doce. — Linhares. — Lagda Juparanga.
— The Future of the Doce.— American Colonists. — Salt Trade. — Barra
Secca. — Sea-Turtles. — Consolidated Beaches and the Mode of their Forma-
tion. — Character of Coast between the Rivers Doce and Sio Matheos. — Rio
Sdo Matheos Described. — Geological Features. — Fertility of its Lands. —
Cocoa-Palms and their Distribution. — City of Sfio Matheos. — Rio Itahi-
nas. — Cliffs of Os Lengoes. — Coast between Itahinas and Rio Mucury.

A sHorT distance northward of the Rio Itabapuana, and
not far from the sea-shore, is Lake Marob4, from which flows
the river of the same name. Between the Itabapuana and
this river the coast lands are low and marshy. Just south of
the Barra do Marob4 the lands rise somewliat along the shoye,
and tertiary red sandstone shows itself in the beach. The
tertiary bluffs of the Itabapuana sweep round back of the
lake, and come down to the shore north of the Barra, and
are continued thence northward in a fine range of bluffs
called the Barreiras do Sir{, which, from the bright red
colors of the clays and sandstones composing them, present
a very picturesque appearance from the sea. These cliffs are
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seventy to eighty feet in height, and the country lying back
of them is a wooded plain.

The lowest bed seen in the eliffs of Sirf is a eoarse, dark-
red sandstone, with indistinct stratification, and, where ex-
posed on the beach, full of holes, presenting an appearance
more like that of the surface of a lava stream than anything
else. This mass of sandstone is penetrated by deep, perpen-
dicular, pipe-like holes, which, in many cases, eommunieate
with one another. This sandstone rises to a height of about
twelve feet above low-water mark, and is overlaid by a bed,
about twenty feet thick, of a sandy elay, whitish and reddish,*
which penetrates into the cavities of the sandstone. The
sandstone seems to result in part from the irregular cement-
ing of the sandy elays by oxide of iron. The clays are soft
and show no distinet stratification. The proportion of sand
varies very much, some of the clays béing execeedingly fine
in texture, like kaolin. They are not at all plastic. The
color varies from a pure white to a bright red, and some-
times the elay is variegated with curved lines of red or
yellow, so as to look like fancy Castile soap. Over the clay
is an irregular deposit of very dark-red sandstone, which is
well stratified, and sometimes forms lenticular masses ; and
over this in turn lies a bed of red elay, which I eould not
well examine. Between the clay and the soil, which is usu-
ally light brown, there is a layer of pebbles and iron-stone
nodules. A few miles below Itapémerim the tertiary lands

* Prinz Max. zu Neu Wied, Reise nack Brasilien, Vol. I. p. 169, speaks of
these cliffs, and gives the following note, which I leave in his own words : —

“Der Untersuchung des Herrn Professor Hausmann zu Gottingen zufolge
gehirt dieses Fossil, welches einen Hauptbestandtheil eines grossen Theils
dieser Kiiste von Brasilien ausmacht, zum verhiirteten Steinmark, wohin man
auch die sichsische Wunder-Erde zihlt. Es stimmt in allen Kennzeichen mit
dem Steinmarke iiberein.”

3%
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recede from the beach, and are broadly denuded on both
sides of the river. The Itapémerim is a much larger stream
than the Itabapuana. It rises near the frontier of Minas
Geraes, west of Victoria, behind the Serra do Pombal, and
has a course of about eighty miles. It is shallow in its lower
course, and of little importance. There is an extensive
alluvial plain bordering the river on the south side for a few
miles above the town, in part belonging to the fazenda of
the Bardio de Itapémerim ; this tract of land is very fer-
tile, and a considerable part is cultivated for sugar. There
are a few fazendas farther up the river. That of Muqui,
belonging to the Baron, is built on a gneiss hill.

The serras approach nearer the coast in going northward,
and in the neighborhood of Itapémerim are very high, pre-
senting the same topographical peculiarities as in the south.

3 N
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SERRA OF ITAPE.\IERIM, SEEN FROM THE SEA.

About twenty miles west of the town of Itapémerim, and
south of the river, is a very remarkable irregular peak called
the Frade, while a few miles to the northeast is a group of
needles, which presents an exceedingly strange appearance
when seen from certain points of the compass, appearing
sometimes like the fingers of a giant hand held up against
the sky. Some of these needles are at least 3,000 feet high.
The whole eountry lying behind them, even beyond the lim-
its of the provinee, is very mountainous, and is composed
of gneiss. I was informed that specular iron oceurs in the
serras of Itapémerim, but I had no way of verifying the
report.
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In 1728 the first settlers on the Itapémerim discovered
gold in one of its affluents on the north, called the Rio do
Castello.* ¢ A decree of the 17th September of the following
year, 1724, determined that the auriferous lands should
be divided into small portions among all those who wished
to employ themselves in the labor of mining, with the con-
dition that they should subject themselves to the laws of
the sesmarias and to the impost on the gold.” ¥ A gold-
washing town was established at the confluence of the Cas-
tello with the Itapémerim, but the hopes of a rich yield
proved deceptive,f and with the incursion of the Indians
the place went down.

North of the Itapémerim the coast is bordered by exten-
sive plains of coarse white sand, like those of the Island of
Paquetd and of the extension of the Cantogallo Railroad.
These plains are quite destitute of grass, and are covered
sparsely by clumps of stunted trees, among which is the
Pitangueira (Eugenia pedunculata), with an abundance of
cactuses (Cereus), and bromeliaceous plants. About half
way to the little town of Piuma, distant some eight miles
north of Itapémerim, gneiss hills stretch along the coast.
Among these is the Morro de Agah, one of the noted land-
marks of the coast, — a sharp, saddle-shaped ridge, appear-
ing pyramidal when seen from the north. Gneiss shows itself
occasionally on the beaches, and there are a few little gneiss
islands off the coast.§ The Piuma is a very small river of
little or no importance.

* Dice. Geog., Art. Castello.

t The Corografia Brasilica, published in 1817, speaks of these mines as
having been abandoned on account of the incursions of the Indians.

t Von Tschudi, Reisen durch Siid America, Dritter Band, 60 Seite.

§ I observed on the shore, just south of the point of the Agah, a rock

exposed, which appeared to be a sandstone. It was much decomposed, and
I was unable to examine it very carefully.
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From Piuma to Benevente, which is a ride of only about
two hours, and cannot be more than from four to six miles,
the road leads over low gneiss hills, because the shore is
rocky and the beach has to be abandoned. The Rio Iri-
ritiba, or Benevente, is a small stream, navigable for
some eight leagues above its mouth, which is narrow, sit-
uated between gneiss hills, and unobstructed by a bar,—a
circumstance owing to the protection of this part of the
coast by a rocky point extending southward some two
miles east of the mouth. The water at the entrance is
deep, and vessels of considerable tonnage may enter at
any time of the tide. Just inside, the river spreads out
into a broad sheet of water, so that it forms one of the
best and most frequented harbors on the coast of Es-
pirito Santo. Vessels frequently find refuge in the little
bay behind the point east of Benevente, where they are
well sheltered from northeast storms. The town is a
small one, and situated at the mouth of the river, on
the northern side, at the base of a low gneiss hill.*
Besides ship-building, its trade consists in wood and a lit-
tle coffee. According to Von Tschudi, the lands lying back
of Benevente are very fertile, and the place possesses
natural advantages which might, if properly used, make
it of much importance. Leaving Benevente, and going
northward, the path crosses obliquely a projecting point, and
passes over and among low hills of red sandstone and clays,
the sandstone cropping out frequently at the base of the
hills. The soil covering these hills is gray, and appears to
be very rich. Insome parts it is of a deep pinkish-red color.
On leaving the hills a plain of white sand is reached, like

* Gnueiss, gray, well laminated. Strike N. 55° E. Dip varying from ver-
tical to 88° N. Rock intersected by numerous granite veins.
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that of Itapémerim. This occupies a sort of bay in the
tertiary lands, which soon reach the coast again and form
a long line of red cliffs, extending for several miles along the
shore, almost to the little fishing village of Miahype. This
village is situated on a narrow sand-bank uniting a small
mass of gneiss to the shore, off which a similar mass forms
an island. Thence northward the tertiary lands extend
along the shore, with narrow patches of sands in front, and
with occasional interruptions, to the village of Guara-
pary,* when the shore becomes very much indented, and
the distribution of the various formations are too compli-
cated for description here.  Many of the low hills of
the vicinity have a basis of gneiss, but are capped with
tertiary clays. The gneiss shows itself in a number of
rocky points and ledges, and at the mouth of the river
there are several islands. The gneiss is gray, but it is
very micaceous, the mica being in moderately large black
crystals. I find in my note-book an observation of strike
N. 80° E., dip 80° S.

COAST SOUTH OF GUARAPARY.

In a little cove just south of the town is a large detached
mass of sandstone, lying just in front of the beach, and at

* The country lying between the coast and the Serra do Pero Cio, distant
some six miles from Guarapary, is composed of low hills, some of which are
undoubtedly tertiary, interspersed with higher ones, as the Orobd, which are

gneiss.
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low tide washed by the waves. It consists of quartz sand
cemented by carbonate of lime, and the rock is exceedingly
hard. It is well stratified, and the layers are nearly hori-
zontal. The rock is cut up by joints, which the sea has
widened, so that it is much broken up, while the washing
out of the calcareous cement by the sea has left the surface
very ragged. This mass is only part of a solidified beach
which has been laid bare by an encroachment of the sea.
At low water it furnishes to the naturalist a very rich har-
vest of marine animals, for in the holes ncar its edge grow
masses of Siderastrea stellata Verr., while Acanthastreas
of considerable size grow attached to its sides. Favias and
Agaricias, &c., occur in great abundance, and the rocks are
covered with great patches of the common brown Palythoa
of the coast, and of a spreading, ‘green-disked Zoanthus, not
determined. Several beautiful species of sea-ancmones,
deeply tinted, are very common, but the species have not yet
been made out. At low tide there may be obtained from
the rocks beautiful specimens of Hymenogorgia quercifolia,
Eunicia humilis, and Plexaurella dichotoma. Sca-urchins
(Echinometra Michelini) are exceedingly abundant here, and
are used for food by the natives. They live packed sccurely
away in deep holes, not only in the sandstone of the reef, but
also in the gneiss of the adjacent points. Here also the
beautiful little crimson star-fish, Echinaster crassispina, is
very abundant, occurring among the sea-weeds and in little
pools betwixt tide-marks; and, in the tide-pools, Ophiura
cinerea, together with a number of other species of the same
order, occurs. Holothurians, some of them a foot long, are
very abundant, packed into crevices, in tide-pools, and
under rocks; and a pretty comatula, Anfedon Dubenii
Bolsche, or Braziliensis Liitk., may be seen through the



PROVINCE OF ESPIRITO SANTO. 63

water covering the rocks like rosettes of brown feath-
ers e

This locality is rich in erustaceans, but not especially so
in mollusks; indeed, the whole coast has a rather poor
molluscan fauna. A large octopod is common here, and is
hooked out from the crevices in the rocks by the inhabitants,
who use it for food. Guarapary is an excellent collecting
ground for marine invertebrates, though not so good as Vie-
toria. Inside the mouth of the bay, in water which is brack-
ish and impure, occurs a slender-branching, tender, nodose
Halcyonoid, undetermined. The entrance to the harbor of
Guarapary is good and secure, and shelter for shipping is
furnished by the little islands, Escalvada and Raza, lying off
the coast; but the marshy lands in the vicinity make the
place exceedingly unhealthy, and notwithstanding the lands
to the west of the town are good, and woods and valuable
balsams and fish are in abundance in the vicinity, the un-
healthiness of the climate has placed a ban upon its growth.
The river is a little one, with a course of only a few leagues,
and takes its rise in the Serra do Pero Cao. It is said to
offer navigation as far as the coast serra, and to unite in its
course a number of little lakes.

In going northward from Guarapary the path leads, first,
over a gneiss district bordering the northern side of the
river, and then descends to a plain of white sand, sparsely
covered by trees. Crossing this, low tertiary hills are
reached, with more or less gneiss, bare in places, espe-
cially along the shore, and you come upon the little brook
Pero Cao, beyond which the shores are sandy and flat as

* Of these Radiates, as well as the other marine invertebrates of the reef, Mr.

Copeland and T made a considerable collection, which is in the Museum of
Comparative Zodlogy, in Cambridge, but has not yet been worked up.
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far as a small river called by my guide Una, but which does
not seem to be represented on the chart of Mouchez. This
little stream escapes into the sea just south of a projecting
point of gneiss. Between this point and the serra the coun-
try is low. The distance of the mountains from the sea is
only about five miles. A point or two passed, and one
reaches a long sand-beach, which extends some ecight miles
north to a low gneiss point called Ponta da Fructa. Along
this beach are, in some places, sand-dunes twenty to twenty-
five feet in height.

From the Ponta da Fructa, northward, to the Ponta de Ject
— a distance of seven or eight miles — stretches an almost
straight sand-beach, behind which are plains, sandy and
marshy, —a perfect batrachian paradise.

The Ponta de Ject is a gneiss hill, somewhat similar to
that of the Fructa, and formerly an island, but now joined
to the mainland by a sand-beach. There are other smaller
hills in the vicinity. According to a sketch in my own
note-book, the river enters the sea to the south of the point,
but Mouchez’s chart shows it entering on the north side,
which was probably the case at the time his chart was
made, the mouth having been closed on the south by a
storm. The river Ject rises among the serras to the west,
and is an insignificant stream, apparently smaller than the
Muriahé. It is with difficulty navigable for canoes for only
a short distance. Some five miles above its mouth a canal,
cut long ago by the Jesuits, runs off northward and commu-
nicates with the port of Victoria, distant about five miles.
This was done to facilitate the transport of the products of
the country to Victoria, as well as to avoid the dangerous
passage by sea from the mouth of the river around the reefs
and rocky point on the south of the bay of Espirito Santo.
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The cutting of this canal is said to have improved the health
of the region of the Jeci.

On this river, some thirty miles from its mouth, and
somewhat farther from the city of Victoria, was estab-
lished, in the year 1847, a German colony, Santa Isabel,
among the gneiss hills lying east of the serra, in a region
healthy and fertile, and proper for the culture of coffee,
cotton, &c.; but the colony has not been prosperous,
owing to bad management and the want of roads.*

From the mouth of the Ject to the bay of Espirito Santo
the sand-beaches continue, backed by the sandy and marshy
plains of the Campos de Piratinanga.t

The Bay of Espirito Santo is about two and a half miles
wide, and irregular in shape. On the north is the Ponta
do Tubarfo, with a rocky sandstone shore, whence sweeps
around westward and southward a long sand-beach, join-
ing a rocky point, near which enters the channel of the
Rio da Serra. Thence southward, for a mile or more,
the land is high and irregular, and the shore consists of
sea-beaches between projecting gneiss points. We then
reach the entrance of a narrow, irregular channel, — the
estuary or bay of the Rio Santa Maria, — that extends
westward among gneiss hills. On the south side of the bay
is an irregular conical gneiss hill, some 700 feet high,
called Monte Moréno, forming a rocky point. West of this,
and separated only by a short sand-beach and a small stream
coming from the swamps to the southward, is another coni-
cal hill, some four hundred feet high, crowned by the pictu-

* Tschudi (Reisen, etc., Dritter Band, 8% Seite) gives as the mean annual
temperature for the locality +-18 Réaumur = 70.50 Fahr,

t St. Hilaire, in speaking of the sandy plains between Jecdi and Victoria,
says that the vegetation covering them resembles in many points that of the
elevated plateaux of Minas Novas. (Tome 1L 2% Partie, p. 229.)

, E
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resque pile of the convent of Nossa Senhora da Penha. West
of this, between the Morro de Nossa Senhora da Penha and
high gneiss hills, is the deep cove of Villa Velha, with the
ancient village of the same name built on the edge of the
sand-plain. Westward of this cove the shore stretches to
the Pao de Assucar, along the southern side of the channel
_ of the Santa Maria. It consists of a number of high rocky
points, united by mud-flats and sand-beaches. The oppo-
site shore of the channel is of the same general character.
North of Monte Moréno and of the mouth of the channel
are two more high gneiss islands, lying one north of the
other. There are, besides, many smaller ones, together
with a number of rocks and skerries, and the channel is
obstructed near the Pdo de Assuecar by islands and rocks.
The Pao de Assucar is a precipitous, irregularly conical
gneiss hill, 400 to 500 feet high, falling off to the north,
presenting to the channel a smooth, almost vertical, face.
Here, by the projection of a point from the northern side,
the channel is suddenly narrowed down to a width of only
about 600 feet. Passing the Pao, the channel widens out
into a most spacious harbor, and on the northern side, in a
fine amphitheatre among the hills, is built the city of Viec-
toria. This basin extends only about a couple of miles west
of the Pao. At its head it receives the waters of the canal
from the Ject, and of the Rios Crubixaand Santa Maria. A
channel extends northward, and, uniting the mouths of sev-
eral rivers, passes round the hills of Victoria and enters the
Bay of Espirito Santo, thus rendering them an island. This
island is composed of gneiss, is very high, rugged, and
clothed with forest. To the north and west the coun-
try is a plain, while the shore alone, along the south side
of the bay and channel, is hilly. The hills of the island
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and adjoining mainland then form an isolated group, of
which the main mass just behind the city must be fully 1,000
feet in height. The channel of the harbor is a narrow valley,
which, owing to its rocky sides, has been easily kept open.
The gneiss of the locality is very homogeneous, porphyritic,
and of the same general character as that of the coast
southward. As a general thing the hills are dome-shaped
and regularly rounded, as is represented in the following
sketch, but sometimes they are conical. In some cases one
or more sides, or the top, is bare and smooth, as is the case
with the Pao de Assucar. These bare surfaces are almost

MONTE JUTUQUARA AND GNEISS HILLS NEAR VICTORIA.

always rounded with remarkable regularity, and are never
Jagged and angular, like our northern precipices, or the
cliffs on the Sao Francisco, below the falls of Paulo Affonso.
This is owing to the uniform decomposition of a surface
unbroken by joints or planes of stratification; for many of
these mountains are actually formed of a single, unbroken
mass of gneiss. The cliffs are rarely vertical, and not un-
frequently form bare places on a mountain-side, set in a
framework of verdure. Such a bare slope is represented in
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the following sketch of the Fortaleza de Peritininga, below
Villa Velha, Bay of Espirito Santo. They are usually

FORTALEZA DE PERITININGA.

stained by perpendicular lines, or bands, of a rich, deep,
inky, purplish-black color, being some minute lichen
growth, and covered with scattered tufts of beautiful bro-
meliaceous plants, orchids, cactuses, &c., which give them
a very picturesque appearance. Just below the ecity of
Victoria proper there is one of these bare hillsides, which
forms an exceedingly attractive element in the romantic
scenery of the island.

Standing in an amphitheatre among the beautiful hills,
and in full view from the sea, forming a most valuable land-
mark for the sailor, is a conical mountain, bearing on top a
tower-like mass, the face of which is excavated on the east-
ern side by a considerable cavern,in which, it is said, in old
times fugitive slaves took refuge. This mountain is called
Jutuquara,* or Frade de S3o Leopardo, according to Mouchez.
Its height must be 700 feet at least, probably more. It is
represented in the sketch on the preceding page. The gneiss

* Prince Neu Wied gives a wretched drawing of this mountain in his work.
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BOULDER OF DECOMPOSITION, VICTORIA.

hills, down to a certain level, are covered, as in the south, by
drift clay, in which are imbedded rounded and angular frag-
,ments of quartz and gneiss. This forms a rather coarse
and arenaceous soil, which is not so fertile as the drift soils
of Rio. Decomposition obtains here as elsewhere. The
rocky shores and islands of the bay are lined with rounded
masses of gneiss, often of immense size, and which, lying
loosely about, have all the appearance of erratic boulders.
Similar masses we have already found on the shores of Pa-
quetd and many of the other islands in Rio harbor. Some-
times these boulders of decomposition are seen perched inse-
curely on the tops of other rocks, as is the case near the Pao
de Assucar. I have seen no locality where the formation of
these boulders is better exemplified than here. On the hill-
sides the surface of projecting rock-masses undergoes a sort
of softening, which causes it to separate from the undecom-
posed rock beneath, and break up into irregular fragments by
the formation of a system of cracks. Through these fissures
the water finds access. Each one of the fragments decom-
poses all round, and the loose decomposed material being
washed away, these masses become rounded, separate more
and more from one another, and sometimes fall over, so
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as to lie on the surface of the soil. One must therefore
be exceedingly careful not to make blunders in examining
them. The loose rocks lying on the side of the Morro de
Nossa Senhora da Penha, and carefully represented in the
accompanying view, are boulders of decomposition. Where
the rock undergoing decomposition is on the sea-shore,
and the action of the waves assists in the removal of the
decomposed material as soon as formed, the effects produced
may be still more striking. The easternmost extremity of
the Ilha do Boi, just opposite the Penha, is a projecting,
sloping mass of compact gneiss, as represented in the follow-
ing rough sketch. The whole surface of the gneiss is soft-

DECOMPOSING SURFACE, ILHA DO BOL

ened to a depth of several feet, and has shrunk entirely
away from the undecomposed rock. This sheet has cracked
through perpendicularly to the surface, and covers the rock
below like a pavement. The action of the waves has, as
represeuted, removed these loose fragments from over a
considerable area, which is left very regularly rounded and
uncracked. In other localities this decomposition and denu-
dation have gone on until only a few of the heavier blocks arc
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left on the surface, presenting the appearance of erratics.
On the rocks known as the Pacotes, lying a little to the
southward of the bay, off the coast, several large boulders
of this kind are seen lying, presenting the appearance of
buildings. It might be objected to our theory of the glacial
origin of the Brazilian surface-clays and pebbles that they
were formed by a decomposition of this kind along the
shore of a slowly sinking continent. This would never pro-
duce such a coating of clay as forms the drift of Brazil,
and there would certainly be associated with the deposits
stratified sands and gravels and silts, which are nowhere
to be found. Farther on we shall discuss in detail the whole
subject of Brazilian drift.

Along the northwestern face of the Pdo de Assucar runs
an irregular horizontal line, as represented in the woodcut be-
low. This line consists of a series of very shallow hollows,

ANCIENT SEA-LEVEL ON PAO D’ASSUCAR, VICTORIA.

sometimes continuous, and evidently worn by wave-action
within comparatively recent times. This old wave-line is not
traceable along the whole extent of the cliff. I first ob-
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served it in the latter part of August, 1865. In September,
1867, I revisited the locality shortly after a tide of the full
moon, which had left a well-marked muddy line running
around the base of the Pio de Assucar, and which the suc-
ceeding tides had not reached. Measuring as nearly as I
could from the middle of the wave-line, the mean of two
measurements gave me as the height of the old water-
level above the high-tide level of the 13th September 3.16
metres, or a little more than seven feet. From the old line
to the upper edge of the zone of oysters is 8.56 metres.
On the face of the cliff of the Piao, in a little cove on the
western side, I cut a groove with my chisel indicating the
height reached by the tide of the 13th September, 1867.
This same old water-line may be seen in several places on
the rocks on the opposite side of the channel below the Pao
de Assucar, as well as on the face of a cliff at the western
end of the beach at Villa Velha, where, as nearly as I could
judge, it had the same height above the sea. This wave-
line marks a period of rest when the continent, stand-
ing for some time at the same level, gave an opportunity
for the little waves of the sheltered port to excavate the
line. No such line marks the present sca-level, and I
infer, from that and other facts, that the land is at present
rising.

The water in the middle of the bay is very shallow, and the
bottom appears to be a bank that comes so near to the surface
that the sea sometimes breaks over it. Between the Moréno
and Point Tubardio the average depth is about fifteen metres.
The depth decreases on entering the channel between the Ilha
do Boi and Monte Moréno, where it is from four to nine metres.
As the channel contracts the depth increases, and just below
the Pio de Assucar it reaches twenty-four metres, while in the
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narrowest point, at the Pdo de Assucar, it is sixteen metres.
In front of the town the depth varies from six to ten metres,
and an excellent and spacious anchorage-ground is offered.
The water opposite the town is turbid, and the littoral fauna
is characterized by an abundance of oysters, covering the
rocks and piers and mangroves, to within a few inches of
high-water mark. This is a very small species, with exceed-
ingly sharp, wavy edges, and used for food in Victoria. The
coves between the rocky points along the channel above the
bay of Villa Velha are muddy, and often lined by mangroves.
Going down the channel the oysters grow less numerous,
and give way to barnacles and mussels. On the north side
of the cove at Villa Velha the arrangement of the principal
elements of the littoral fauna is as is represented in the
following diagram.

a. Zone of small barnacles, breadth three to four inches.

. Little black mussels, all reaching the same upper level, but forming irregular
patches, extending in some places as far as a metre below high-tide mark.

¢. Large scattered barnacles, and green sea-weeds ( Ulve).

d. Coarse brown sea-weeds, corallines, &c., and oysters.

The sea-urchins begin above d, and extend below low water mark, but their
untenanted nests occur up to., and beyond high-water mark.

On the beach at Villa Velha, particularly near the west-
ern end, dead corals are thrown up in great numbers. In-
deed, they are more abundant there than on any other South
American beach I have seen. The commonest species is the

Mussa Harttii Verrill, which is thrown up by the waves in
VOL. 1. 4
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great quantities, and evidently grows in the immediate
vicinity ; but owing to the muddiness of the waters of the
cove I could not, in the absence of a dredge, find it alive.
It is usually drifted ashore attached to sea-weeds. So abun-
dant is it in the muddy beach at low tide that it is collected
by the inhabitants of the Villa for lime-making, and is called
cachimbo, or * pipe-stem.” This species is almost invariably
incrusted with beautiful Bryozoa. On the same beach occurs
a species of Siderastrea, and a Pectinia, ov Symphyllia, none
of which I have observed living in the bay. 1have seen in the
sands underlying the muddy shores farther up the bay shells
and corals which cannot now live in the turbid and brack-
ish water. Defore the rise of the land the bay extended
farther on both sides. The river has since narrowed its
channel, and the turbid waters have driven down the coral
fauna nearer the mouth of the bay. I doubt whether the
Musse are now to be found living at Villa Velha. I believe
that the specimens on the shore have been long dead, and
are thrown up by storms. Leaving Villa Velha, and going
down the bay, the oysters disappear as the shore becomes
more exposed. Outside the harbor, and at the base of Monte
Moréno, is a little island called Ilha Baléeiro. The tide-
pools of this island and of the adjoining shore are rich
in corals, and at low tide one may collect Hymenogorgia,
Eunicie, Plexaurelle, and all the species common at Guara-
pary. I am not aware of the existence of any coral-banks
in the bay and vicinity. The Bay of Victoria would be a
rich ground for dredging, and so would be the banks lying
off the harbor. In fishing I have brought up on the hook
masses of nullipores, &e., loaded with life, and at the mouth
of the bay I captured in this way a large many-rayed star-
fish. Victoria appears to have a reputation as a locality
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for shells; but the littoral mollusk fauna of Brazil is very
poor, and the shells of the beaches are badly broken and
worn.* :

The Rio Crubixa enters the harbor of Victoria just above
the city. According to the Diccionario Geografico, ¢ it de-
scends from the Cordilheira dos Aimorés among rocks,
amongst which is found a certain species of coral of a
dark color and fragile, with which the Botocudo women
are accustomed to decorate their heads, necks, arms, and
legs.”

The Rio Santa Maria is a much larger stream, which
rises some fifty miles, more or less, northwest of Victoria,
in the Serra dos Aimorés.

On the Rio Santa Maria is located the colony of Santa
Leopoldina, and as the history of the colony and of the
country where it is situated has an especial interest at this

* 1 find in one of the letters of the celebrated Joseph de Anchieta a state-
ment that the manati occurred in the bay of Espirito Santo, and his description
scems to me of sufficient interest to warrant my giving it in his own words : —

“De Bove MarixNo, — Hac quoad rationem temporis, jam ad alia tran-
seamus. Piscis quidam est quem Bovem marinum dicimus, Indi Zguaragud
nommant frequens in oppido Spirito Sancto et aliis versus Boream habi-
tationibus, ubi aut nulla est, aut exigua admodum, et minor quam apud
nos frigores injuria: hic ingentis est magnitudinis herbis pascitur, quod
ipsc gramina depasta scopulis, quos @stuaria alluunt, inhzrentia in-
dicant. Bovem mola corpore superat, cnte obtegitur dura, clephanti
colorem referenti ; duo vellut brachia quibus natat, habet ad pectus sub
quibus et ubera, ad qua proprios feetus nutrit, os bovi per omnia similis.
Esui est congruentissimus, ita ut ducernere nequeas, utrumque carnis, an
potius piscis loco haberi debeant; ex cujus pinguedine, qus cuti ex maxime
circa caudam inhzret, ad modo igni fit liquamen, quod jure butyre comparari
et haud scio an possit antecellere ; cujus ad omnia cibaria condienda olei vice
unsus est : Ossibus solidis, et durissimis qu, possint eboris vices gerere, totum
corpus est compactum.” — Collecedo de noticias para a historia e geographia das
nagdes ultramarinas. Lisboa, 1812,
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time, when efforts are being made to colonize the Brazil-
ian coast, I translate the following from an account of a
visit to the colony by Von Tschudi.* He says: “We
crossed swiftly the Lameirdo of the bay and steered into the
river Santa Maria. Its current is quite slow, and offers, con-
sequently, no particular hindrance to the ascent. Not far from
its mouth it receives from its left bank the little river Cara-
pina, and somewhat farther west lies, on the right bank, the
Porto da Pedra, consisting of a couple of houses and a large
venda. Up to this point there is sufficient water, even for
steamers of moderate draft. . . . . Following the many
windings of the river in ascending it to the north-northwest,
we reached, after an eight hours’ journey, the junction of
the river Mangarahyba with the Rio Santa Maria. The lo-
cality becomes, the farther up the stream one goes, more
and more hilly. The banks of the river themselves, where
the character of the lands allows, are in part inhabited by
Brazilians, who have here laid out little fazendas and occupy
themselves principally with the raising of horses and cattle. -
The affluents of the Santa Maria are very unimportant.
From the south there empty into it the Rio Curipé, the Rio
Tauh4, the Rio Una, and several other brooks whose names
I have forgotten ; on the north the Rio Jacuhy, Rio Trame-
rim, (Jatamerim ?) and a couple of entirely unimportant
little rivers near the settlements Murinho, Aruaba, and Pen-
diuca. A rather extensive property is that of Senhor José
de Queimado on the left bank, several miles up the stream
from Porto da Pedra; over against it several little islands
stand out upon the surface of the stream. Likewise on the
northern bank lies the hamlet of Santa Maria, distant some
seven to eight leagues above the mouth of the stream, from

* Von Tschudi, Reisen durch DBrasilien, Dritter Band, Cap. I.
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which it takes its name. Where the Rio Mangarahy unites,
or makes barra with the Santa Maria, lies the extensive
fazenda of José Claudio de Freitas. From this estate up the
river the Rio Mangaraly is navigable for boats only a short
distance. The navigability of the Rio Santa Maria ends at
about one league from the mouth of the Rio Mangarahy at
the Cachoeira de José, above which rocks make the channel
of the river impassable. . . . .

“The Rio Santa Maria rises westward from the colony of
Santa Leopoldina in a mountain range, on whose western
slope arc the sources of several of the tributaries of the Rio
Doce. It first becomes important after receiving the river
Mangarahy. This last is formed of a number of mountain
brooks, of which the greater part rise in the southern part
of the colony. It receives two larger tributaries on the
south, one of which, the Rio do Medio, bounds the colony on
the south, and the other, considerably smaller, on the east ;
the Brazo do Sul takes its rise beyond the colony. Its north-
ern tributaries are very numerous, but are only worthy of the
name of brooks. The most considerable are the Riberdo da
Sumaca, Corrego Isabel,” &c., &e.

“ The margins of the Rio Mangarahy, from its union with
the Rio Santa Maria to the colony, are quite thickly inhab-
ited by an agricultural population, and much more consider-
ably than those of the main river, because the locality herc
repays labor better. It appears that on certain places on the
head-waters of the Rio Mangarahy traces of wash-gold were
found ; at least the names California de Dentro (in the
colony), and California de Fora on the southern bank of the
Rio do Meio, would indicate it. The colony was founded
in 1857 by Germans, who settled on the Santa Maria, and
its branch, the Riberdo das Farinhas. This choice of locality
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proving injudicious, another spot farther south, near the Quar-
tel Braganza, was chosen, and settled also with Germans ; but,
through the worst possible management on the part of gov-
ernment employés, as well as the bad quality of the lands, the
colony became demoralized, and has been a failure.”

¢ The territory of Santa Leopoldina is composed of quite
high, for the most part steep, mountains and narrow valleys,
rarely broader than the channel of the river which flows
through it. The soil consists principally of quartz sand, the
surface soil, usually two to three inches thick, is held to-
gether by a network of fine roots with some humus. Only
in certain places, where one of the valleys widens somewhat
near a stream, layers of rich soil brought down from the
mountains are found, and here, naturally, is also the great-
est fertility. The national custom of preparing the soil for
the first cultivation, by axe and fire, is, for situations like
those of Santa Leopoldina, the most destructive. The heavy
fire from the burning of the felled forests destroys partially
the layer of humus and organic substances, and although
ashes remain as nourishment for the future harvest, it is at
the same time deprived of quite a deep layer of soil in which
it can take root, and which, in addition, the moisture binds
together. Through the cutting down of the trees the steep
mountain slopes are exposed to the full influence of the
tropical rains, and through these the best part of the culti-
vated fields is washed away and carried to the Rio Santa
Maria, which finally deposits it in the Lameirio of the Bay
of Victoria. It is a well-established fact that in Santa Leo-
poldina the soil, through culture, becomes more quickly un-
fruitful than in any other colony. The forests with which
the mountains of Santa Leopoldina are covered do not pre-
sent the same majestic appearance as those of the north and
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south of the province. They have much more the appear-
ance of a weak second growth (Capoeiras) than of a virgin
forest.  All those plants which, to the practised eye of the
Brazilian husbandman, bespeak a fruitful soil,—such as the
Pio d’Alho (Garlic-tree), Jacarand4 (Rosewood), Taquara-
assi (Bamboo), &e., — either do not appear, or are rep-
resented by very feeble specimens. The cultivated plants
correspond in their development with the forest vegetation.
The corn remains low, and ordinarily produees small ears.
The stalks often dry up before the ears make their appear-
ance. The roots of the mandioca are smaller in the second
year than they are in the other colonies, and frequéntly be-
come, according to the testimony of the colonists, black and
useless, which fact is to be accounted for by the want of an
adequate thickness of humus. The black beans fail entirely.
Equally unfavorable is the character of the soil for the growth
of the coffee-tree ; in the first year, while it yet needs but lit-
tle nourishment, it grows very favorably ; but in the second it
sickens, and, as a rule, gives out. Colonists who had sct
out 1,000 to 1,200 coffee-trees, possessed at the end of the
second year only a couple of hundred, and so soon as these,
on the following year, had bloomed, and the fruit had set,
the leaves rolled up, fell, and the little trees, without ex-
ception, gave out.”

While in Vietoria I met numbers of colonists from Santa
Leopoldina, and all told the same story.* There can be no
doubt that a lamentable mistake was committed in establish-
ing the colony in so wretched a region. The lands of the

* There is a strong prejudice against Germans in this part of the country.
They are represented as idle and given to drinking, and I am very sorry to
say that it is fully confirmed by my acquaintance with those colonists I met in
Victoria. Elsewhere the Germans make good colonists.
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central part of the province of Espirito Santo are very poor,
whereas those of the north and south are very fertile ; and
Victoria, though possessed of a most excellent harbor, will
never in itself, in all probability, become a place of much
importance because of the want of fertility of the sur-
rounding country, and the impracticability of making
it one of the ports of the province of Minas Geraes.
There are some good lands, as I shall have occasion to
show, lying to the northeast, and the as yet undeveloped
agricultural regions of the Rio Doce are distant only some
sixty miles. The cutting of a canal to unite the Doce by
water with Victoria has been advocated, but in my judgment
it is not practicable. In the event of the successful coloniza-
tion of the Doce, a railroad to some point on that river could
easily be constructed, so far as the physical difficulties to be
encountered are to be considered. The mouth of the Doce
is so dangerous ‘to enter that it will never answer as a port,
and the Rio S2o Matheos, lying to the north, though it may
be entered by small vessels and steamers, is, after all, ill
suited to be the port of the Doce. By making Victoria the
outlet of the commerce of the Doce many advantages will be
gained. Sdo Matheos will never answer as a port for a
foreign trade. The products of that region, as well as of
the Doce, are more likely to go to Rio than elsewhere for
final shipment to foreign ports, and this trade is now carried
on in small vessels and coasting steamers. The voyage
from Rio to Sdo Matheos, though often very short, is uncer-
tain, owing to the prevalence of northeast winds, and the
passage of the point of the Doce is often difficult. By mak-
ing Victoria the port, the voyage to Rio would be shortened
one hundred miles at least, and made very much more easy,
while Vietoria, being a port admitting ships of large ton-
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nage, might be made the centre of a direct trade with foreign
ports.

At present the province of KEspirito Santo, though
possessing abundantly the sources of wealth, is one of
the poorest and most wretched of the Empire. The
water bordering the coast is very shallow, and just off
Victoria arc the extensive banks of Victoria, which are
very rich in fish, especially garoupas, pargos, vermelhos
(species of Serranus), &c., and they are much resorted to by
the fishermen of the coast, especially from Guarapary ; but
such is the sloth of the fishing population that nothing is
done to develop this mine of wealth, and the Victorienses
eat codfish and European sardines when they might export
fish to Europe !

I had an opportunity of fishing one day on these banks,
and can testify to the abundance of the fish, but I had no
opportunity of dredging; occasionally, as above remarked,
the hooks brought up masses of nullipore rich in life, and
from a depth of some fifty feet I collected in this way a
species of Pterogorgia, apparently new.

On the northern side of the island of Victoria is, as al-
ready remarked, a tidal channel running westward and com-
municating with the Rio Santa Maria. This channel is scen
in the accompanying engraving of the Morro de Mestre Al-
varo. It receives and carries to the sea a part at least of
the water of the Santa Maria and of the river westward. It
is but an estuary, its waters ebbing and flowing with the tide.
It is very turbid, and oysters grow along its banks for a
long distance above the Passagem. I am not aware that
it is ever used for the purposes of navigation. Northward of
this channel are a few gneiss hills, and thence to the grand

mountain mass of the Morro da Serra, or Mestre Alvaro,
4% F
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stretches a sand-plain which extends eastward to the Ponta
do Tubariio and westward to the Rio Santa Maria, bounded
on the north by the serra and the steep slope of the edges
of the tertiary strata, which lie between the serra and the sea-
coast, as seen in the engraving. This plain eonsists on the
surface of eoarse white sand without shells. The absence of
sea-shells from these marine deposits appears remarkable at
first sight, but it is no doubt largely owing to the fact that
they have been dissolved out by rains. Where these plains
have been cut through by rivers, shells are seen in the lowest
beds, as, for instance, on the left bank of the Itabapuana,
a few miles above the Barra. The plain north of Victoria
bears the same kind of vegetation as that which character-
izes the plains farther south. Just previous to the last rise
of the land these plains were under water, and the hills
of the Victoria group stood as islands in the mouth of
a bay.

Crossing the sand-plains, a steep ascent of about fifty feet
at Carapina brings one to the level of the tertiary plains,
where one leaves the sands. These plains are covered by a
elayey soil varying much in fertility. Near Carapina there
are some lands available for eultivation, and part of the plain
is covered by trees. At Carapina the soil is elayey, with
very little sand, and of a slate-blue color; but going east-
ward toward the sea the soil grows drier and more sterile.
The trees are very scattered and coarse-barked, and when in
clumps are free from undergrowth. The open plain is covered
by a scanty growth of tall coarse grass, and is diversified by
great numbers of ant-hills, — irregularly dome-shaped struc-
tures of clay, often quite round, as hard as stone, and resem-
bling boulders scattered over the plain. I presume that the
character of the vegetation over this region is, as elsewhere,
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in part due to fires, which, periodically set by the inhabi-
tants, have killed all except the most hardy trees and other
plants. The Rio Carahype is a little stream which rises,
according to Gerber’s map, to the northwest of the serra;
but according to my notes and observations it takes its origin
in the hills north of the serra, and, traversing the plain,
reaches the sea a few miles north of the Ponta do Tubardo.
It is only a respectable brook, of no service for navigation,
unless it be for canoes. It has cut down through the ter-
tiary beds, and has a rather deep channel. Its valley is
narrow, with steep sides. Near the town of Serra the valley
is about one hundred feet in depth, showing that the ter-
tiary clays, lying against a sloping bottom, probably also
thickening towards the hills, form beds that slope gently
from the hills to the sea. In some localities near Serra
gneiss is exposed in the bottom of the river. Near the
hills the surface is irregular, and the plain becomes un-
dulating and broken, — the result, I believe, of the action
of glaciers, as well as of streams, from the hills. The
soils of the tertiary lands bordering the high grounds,
as in the vicinity of Serra and along the Rio Reis Magos; a
few miles from its mouth, are quite good, and are used for
the culture of coffee, cotton, &c. The forests of these regions
are more luxuriant than is elsewhere the case on the plains.
Lying to the north of the river, and not far from the shore,
is the large and shallow Lagda Jacuné, which during heavy
rains overflows and sends its waters into the Carahype, at
which time that river widens its channel and opens its
bar.

The Mestre Alvaro, or the Morro da Serra, is an isolated,
irregularly pyramidal mountain-mass of gneiss standing in
the gneiss plain a few miles northwest of Victoria, and
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presenting on all sides very similar outlines. Its height I
should estimate at about 3,500 feet. It stands like a
pyramid on the plain, majestic and alone. More pleas-
ing and symmetrical in outline, and more isolated in its
position, it is more beautiful than Tijuca; and, seen from
the sea, it looms up grand and blue against the tropical sky
and the far-off line of serras, which lie along the horizon like
the front of an approaching storm. It is densely covered
with forest, but on its slopes are extensive coffee-plantations,
which yield well. The Diccionario Geografico says that for-
merly emeralds and magnetic iron were found there.* In very
striking contrast with the quiet, sans souci air of Victoria, with
its grass-grown streets, is the little village of Serra, which,
owing to its being situated in an agricultural region, is one
of the most business-like towns in the province of Espirito
Santo. This little town is built near the base of the hills
on the northeast side of the Mestre Alvaro. I was told that
water communication existed between it and the Bay of Vie-
toria, but my visit to the locality was rather hasty, and this -
may not be correct. Northward of the Mestre Alvaro
are a few gneiss hills stretching in a line toward the Rio
dos Reis Magos. West of the Mestre there is much low
land. The appearance of the coast from Victoria to within
a few miles of the Rio Doce, a distance of nearly fifty miles,
as seen from a point at sea about ten miles east of Riacho,
is given in the accompanying illustration. The main Serra
dos Aimorés is seen in the background, stretching along like

* Saint Hilaire ascended the Mestre Alvaro. Ie speaks of meeting with the
bamboo Taquara-assi in the forest, at a considerable clevation above the plain,
and remarks that these plants require humidity and considerable elevation.
(SarNT-HiLAIRE, Voyages sur le littoral du Drésil, 222 Partie, p. 275.) Von

Martius says that the bamboos flourish principally at a height of 1,800 to
2,000 fect above the sea.
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a wall at a distance of fifteen to twenty-five miies, while
in front are the isolated groups of hills of Victoria, Mestre
Alvaro, Nova Almeida, &e.

The Rio Reis Magos, or Apiapitanga, is a little stream
which rises in the serra northwest of the Mestre and empties
into the sea fifteen miles north of the Bay of Espirito Santo.
Canoes ascend it only twenty miles. It empties into a little
bay, on the south side of which, situated partly on the level
of the tertiary plain and partly beneath the slope, is the
ancient village of Nova Almeida.* The tertiary beds con-
tinue northward to the port of Aldéa Velha, or Santa Cruz,
north of which they disappear from the coast, and give way to
marshes and swamps that occupy the coast thence to the Rio
Doce. Between Nova Almeida and Santa Cruz,as well as to
the north, the sandstone beds form in some parts rocky shores,
off which lie isolated skerries, which obstruct both bays.

The river Santa Cruz is, like the Reis Magos, a little
stream affording navigation for canoes only. Its principal
affluents are the Piriqui-asst + and Piriqui-mirim. It opens
into a little bay like that 6f Nova Almeida, and which affords
a harbor for small vessels. The bays of Nova Almeida and
Santa Cruz are noteworthy in that they open broadly to the
sea, and, unlike the mouths of the other rivers, are unob-
structed by bars,— a circumstance which is, perhaps, owing
to the fact that the rivers emptying into them bring down
but little sediment.

* Here was established anciently a Jesuit missionary station, with a school
for furnishing instruction in the Tupi language.

t Saint-Hilaire describes heaps of oyster and other shells bordering the river
Piriqui-assi, near Aldéa Velha, which are without doubt Kjelkenmaddings.
Similar shell-heaps, or ostreiras, as they are called in Brazil, are found on the
coast of S#o Paulo, and on the Ilha do Governador, in the Bay of Rio. They
often contain human remains, pottery, &c. .



86 GEOLOGY AND PHYSICAL GEOGRAPHY.

T have sailed several times close along the shore from Santa
Cruz to the Rio Doce, but I have never landed, and I am
unable to describe it in detail, as well as the flat lands lying
behind it, nor have I any trustworthy information concern-
ing them. The shore is bordered by a sand-beach like that
stretching south of the Parahyba do Sul, and the lands in
its rear are plains diversified by swamps, shallow lagoons,
and channels which, having never been explored, are laid
down incorreetly on all maps. Much of this low ground is
suitable for pasturage, and, so far as my observations go, the
greater part is very heavily wooded.

The great Serra da Mantiqueira, scparating itself from the
Serra do Mar near Sio Paulo, runs to the north of that
serra, and almost parallel with it, on the northern confines
of the provinces of S3o Paulo and Rio de Janeiro, into
Minas, passing near Barbacena, whence it continues with
the same trend, under various names, beyond the Rio Doce.
To the southeast it gives rise to a host of little rivers
which flow into the Parahyba do Sul, while on the north-
eastern side the Rio Grande, one of the tributaries of the
Parani system, and the Rio Doce take their rise. From
Barbacena a cordilheira runs northward, separating the
waters of the Rio Doce from those of the Rio Grande and
the Sao Francisco, while another line of serras, with a gen-
eral northeast course, leaving the Serra do Espinhaco near
Diamantina, forms a water-shed between the rivers Doce
and Jequitinhonha. The basin of the Doce forms an un-
equal-sided quadrilateral figure, whose sides measure very
nearly as follows: the northeastern side 120, the southeast-
ern 230, the western 190, and the northern 90 miles, which
would make the area drained by the river very much larger
than that of the Parahyba do Sul. Gerber estimates the
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area embraced within the basin of the Doce at 2,300 square
leagues. The Rio Doce, under the name of Chopoté, takes
its rise only a few miles from Barbacena, in the angle formed
by the union of the Serra da Mantiqueira and the Serra do
Espinhaco. From this point the waters flow westward into
the Rio das Mortes, a tributary of the Paran4 system, cast-
ward into the Pomba, one of the branches of the Parahyba,
and northward into the Doce. Its course is at first about
north-northeast up to latitude 19°, when it bends abruptly
around the Serra das Ibiturunas, and then flows in a south-
east direction to the confines of the province, when, after
passing a series of rapids called the Escadinhas, it reaches
lower grounds, and is thereafter navigable to its mouth.

This river is of so much importance that I add a transla-
tion of a description of it from the Diccionario Geografico,
Art. Doce.

“ The ancient geographers considered the Ribeirdo do
Carmo as the principal origin of the Rio Doce, while others
assert that it rises near Sabarh, in the Ribeiro Santa Bar-
bara, which empties into the Piracicaba. But if one means
by the source of a river that point which is at the greatest
distance from its mouth, we ought to place that of the Rio
Doce at twelve leagues * to the east of the Villa of Barba-
cena, in the spot where the Rio Chopoté begins. This river
runs about twenty leagues in a northward direction, receiv-
ing on its left bank the Rio das Pirangas, besides various
streams from both sides. It only offers easy navigation for
canoes, when, having watered the settlement of Santa Anna
do Deserto, it inclines toward the northwest, being aug-
mented by the stream Turvo on the right and the Rio

* According to Gerber’s map, the source of the Rio Doce (Chopotd) lies at
about five leagues east of Barbacena.
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Gualacho * on the left. The waters of this river make it
change its course a little towards the east, and both united
precipitate themselves over the fall called Inferno ; below
this fall the Rio Doce takes the name it bears, and flows
gently on, receiving on the right the little Rio da Casca,
and on the left the Piracicaba, and, six leagues farther on,
it passes over reefs blackened by time,— whence the name
Escuro given to this fall. Three leagues lower down, on its
left, are the mouths of the rivers Santa Antonio and Corren-
tes, at a distance of eight leagues from one another.t Below
the last of these river-mouths is the Cachocira Bagauriz,
where a pointed rock divides the waters of the Doce, which
subdivide again and again before uniting anew in a species
of basin, formed, as it appears, by several islets. This basin
extends for a distance of two leagues, and, because of the
current, much dexterity in the government of a canoe is re-
quired to reach it. At the end of this series of islets the Rio
Doce takes a more quiet course, and, the mouth of the Sacu-
hipequeno passed, it becomes once more turbulent, and is
successively impeded by the little Cachoeira d’Ilha-Braba,
with that of Fiqueira, much more dangerous, in the Serra
Beteruna, where it is necessary to transport the canoes by
land a distance of fifteen bragas, and with that of the Re-
bojo-do-Capim ; five leagues farther down stream the Rio
Saguhi-grande comes to swell it on the left with its tribute
of waters, after having watered the comarca of Serro Frio.
Passing this tributary, the Rio Doce receives from different
quarters an innumerable number of limpid brooks, and

* According to Eschwege, quoted by Gerber, the Barra do Gualacho is 841
metres above the sea-level.

1 On Gerber’s map the mouth of the Correntes is only two and a half leagues
below that of the Santa Antonio.
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makes many turns before arriving at the fall denomi-
nated Cachoeirinha, over which canoes pass without being
unloaded ; still farther down it receives on its right the Ribe-
irdo Laranjeira, and a little beyond, to the right, the Cuiaté,
which empties into it, when the main river becomes majestic
for the distance of two leagues, below which various reefs,
with some falls of little importance, and whirlpools make
navigation very difficult, without entirely destroying it.
These different obstacles are known under the names of
Rebojo de Jodo Pinto and Rebojo da Onga, distant two
leagues from one another. The second of these obstacles
passed, the current flows to the right in the summer, but
to the left in the rainy season. Half a league onward the
bed of the river describes some diagonal lines, which imitate
a capital M,— the name which is commonly given to it; and
one league lower down various reefs, called the Cachoeirdo,
intercept navigation, so that it is necessary to transport by
land the canoes and goods. Two leagues below the fall of
Cachoeirio are encountered three other whirlpools, which are
not dangerous, and the island of Natividade, which divides
the Rio Doce into two unequal arms. In the dry season the
canoes are unloaded at this island to pass the great Cacho-
eira called the Escadinhas, because for one league it is
formed of steps of stone. : The canoe-men carry the goods
on their backs as far as Porto de Souza; but when the
waters abound the canoes descend without difficulty to the
Registo de Lorena, near the confluence of the river Manda
(Guandd), which comes from the south and serves as the
limit to the provinces of Minas Geraes and Espirito Santo,
and ascend it also with cargo, albeit with some difficulty.
Between the mouth of the Mandd and Porto de Souza sev-
eral rapids are encountered, which are descended with ease,
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but which cannot be ascended except by hard rowing, or by
towing the canoes.”

The Rio Manhuassa is quite a considerable little stream,
which enters the Doce from the south, opposite the island
of Natividade. Very little is known about it, as it flows
through a forest region inhabited by the Botocudos. The
Guandd is, as above described, only a little stream, and of
very little importance. The country bordering the river
near its junction with the Doce is very flat, with deep allu-
vial, clayey soils. It is heavily timbered, and affords most
fertile lands for the agriculturist; but the Botocudos,
who have been until late years hostile, have prevented the
successful colonization of the country. A little colony of a
few families has been established on the Guanda, but it was
not, at the time of my visit, flourishing.

The rocks exposed here in the river channel are gneiss.
I observed some heavy veins of milky-white quartz near
that place, but I had not time to examine them. Opposite
Guandd, on the north side of the river, there are several
quite high gneiss hills, and opposite Porto de Souza is a
bare hill not far from the river. Gerber has laid down on
his map a little river entering the Doce opposite the Guandd,
which appears to be a mistake. At Porto de Souza the
river valley is very narrow, and.the river was, at the time
of my visit in December, 1865, not more than 250 feet wide
opposite the port.

The port is situated at the foot of a series of rapids,at the
head of navigation. Even in the dry scason it would be
possible at all times, I was assured, for a small steamer to
reach it. Gneiss is exposed in the bed of the river and
along the banks. It is gray, coarse, and homogeneous.
Strike N. 60° E. Dip 45° Northeastward. In the river-
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banks the surface of the gneiss is rugged, and not smooth as
in glaciated surfaces, showing that it has been determined
by water action. Above it are beds of coarse, yellowish
sands and quartz gravel, the latter often very coarse. At
the Quartel, or Barracks, these beds reach a level of about
twenty feet above that of the river. Above these is a
layer of brown, clayey earth, with scarcely any admixture
of sand, but full of little silvery mica flakes. This affords
a good, deep, fertile soil, suitable for coffee, corn, beans,
castor-beans, &c., &c. The forests of this region are
quite luxuriant, and are rich in valuable woods and
game.*  All this region is finely adapted for agricultural
purposes, and some day must become the home of an agri-
cultural population ; but the Indians have so far held sway
over it. '

At the port the left-margin of the river is occupied by
some immense sand-banks, covered during the rainy season,
when the river rises some twenty feet above its ordinary
level. Descending the river from Porto de Souza, the river
continues very narrow, deep, and rapid, with rocky banks
for a mile or more, the banks becoming lower as one de-
scends. The gneiss is exposed in the bottom of the banks
on both sides of the river, and over this, as at the Porto,
are alluvial deposits, making the banks eight to fifteen feet
in height. At a distance from the river are gneiss hills.
A quarter of a mile below the Ilha da Esperanca the river
widens to at least 600 feet. The Rio Mutum,t laid down

* T observed in the forest between Porto de Souza and Guandd great
numbers of Barrigudo trees (Bombax), some of considerable size.

T The Rio Doce is very rich in fish, a large collection of which was made by
my companion and myself for Professor Agassiz. Prinz Max. zu Neu Wied
speaks of the occurrence of a specics of sawfish (Pristis Serra ?) in the lower
waters of the Doce, and says that it enters the Lagoa Juparanda. Mr. Copeland
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RIO DOCE AT PORTO DE SOUZA.

on Gerber’s map as being some three or four leagues below
the Porto, is not more than three miles. It is but a brook;
but it has a fall near the mouth, and, being in the midst of
a very fertile country, may be of importance by and by for
its water-power. On the Mutum the land is in some places
flat, and thirty to forty feet high, and may be in part ter-
tiary ; but I doubt it. On the north side of the river are
many forest-clothed gneiss hills, the most of which range
from 600 to 700 feet in height. . East of these, a few miles
from the Mutum, and standing back from the Doce, is a
prominent hill called the Morro do Padre, the greater part
of which is bare, and which must be at least 2,000 feet in
height. On the opposite side of the river is the Morro do

and I'took specimens at or near the mouth of the Mutum. They certainly ascend
to Porto de Souza. The eanoe-men said that they ascended to the Guandi. The
fishermen all said that this fish secured its prey by striking a lateral blow with its
long snout or jaw. On one of the saw-teeth of a large specimen we took there
was impaled the large, tough scale of a curumat&, which could only have been
pierced by a smart blow, when attached to the side of the fish. The fisherman
said that a true shark, caissdo de dentes, was found in the Doce.
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Lage among gneiss hills.* Leaving the gneiss hills below
the little river Sdo Jodio, the land becomes lower, and the
hills flat-topped, or with flat outlines, and a rather gentle
slope toward the river. Some of the hills appear to be
gneiss, others tertiary. The low lands bordering the river
are alluvial. So exceedingly dense is the forest covering
this whole country, that, except it be occasionally a bare
gneiss rock by the river-side, a bare gneiss hill which is
never to be mistaken,or the exposures of the alluvial deposits
of the river, there is no guide for the working out of geo-
Jogical features other than the general topographical out-
lines of the country. The clothing of forest tends very
much to exaggerate the height of the lower lands. No-
where in Brazil, not even at Par4, have I scen a more lux-
uriant forest growth than that of the Doce. The trees, all
bound together by llianas, and filled in with a dense under-
growth of palms and shrubs, crowd down to the water’s
edge, and stretch their great vine-draped branches out over
the river, as if in want of light and air. The forest forms a
dense wall along the river, — so dense that the eye does not
penetrate into its shade,— and one must be armed with a
strong wood-knife who would enter it.

In these forests flourishes the Jacarand4, or rosewood (Big-
nonia Brasiliana Lam.),which once abounded along the river,
but, having been extensively cut for exportation, is now to be
met with of sufficient size for cutting only at a distance from
the stream. The principal article of export from the Doce
has been rosewood, which has the reputation of being of a
fine quality. The Cupiuba (Copaifera officinalis), furnish-
ing a valuable wood and an abundant oil used in medicine

* Right bank opposite Tlha do Lage. Gneiss bands very siliceous. Strike
N. 80° E. Dip northward 50°.
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and the arts, abounds here, together with the Pdo Brazil
( Cesalpinia echinata Fr. All.), noted for its once costly
tint; the Sapucaia (Lecythis), furnishing food to the Boto-
cudos ; the Cedro (Cedrela), Ipé (Tecoma), Pdo d’Arco
(Bignonia), Peroba (Aspidospermum), Putumuja (Putu-
muji), Vinhatico (Acacia), and species of Genipa, Mache-
rum, Inga, Bowditchia, &e., abound. The names of the
trees furnishing valuable woods for construction and cabinet-
work, many of great beauty and durability, are legion, and
when the country becomes inhabited, these must become
a source of wealth.

Several species of palms, among them the Airi (Astro-
caryum) and Palmetto (Euterpe),. flourish in the forest,
while the Embaiiba (Cecropia), the food of the sloth, with
the Ubds and Heliconias, form one of the marked features
of the vegetation of the river-banks.*

Game is exceedingly abundant, among which may be
mentioned the Anta (Tapirus Americanus), whose tracks,
together with those of the Capabara (Hydrocherus Capa-
bara), are everywhere seen by the river margins. The Paca
(Celogenys Paca) and Cutia (Dasyprocta) are very com-
mon, and are valued for food. There are, at least, two spe-
cies of sloth found here, — Bradypus tridactylus and B. for-
quatus,— together with species of opossum (Didelphys) and
Cuati (Nasua). Armadillos (Dasypus) abound as else-
where, and I have seen at least two species. Wild pigs
Caititis and Queixadas (Dicotyles), are found in herds in

* Prince Max. zu Neu Wied gives a plate representing a view on the Rio
Doce. It was evidently not drawn from nature, but it gives quite a good idea
of the shore vegetation. An immense alligator is represented in the foreground.
One may spend a month on the Doce and not sce a single alligator, and those
of the Doce are very small.



*HOOd OIY NO MAIA
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the forest, and are hunted for food. At least four species of
Felis occur here, — Felis Onga, F. concolor, I'. pardalis, F.
macroura,— together with the fierce black jaguar, which
may be only a variety. One or two species of Cervus are
not uncommon, together with hares and squirrels. Of
monkeys there are the following: Ateles hypovanthus, My-
cetes ursinus, species of Cebus and Callithriz, and Jacchus
(Hapale) leucocephalus. Jacupembas (Penelope marail
Linn.), Mutuns (Crax), Araras (Psittacus macoa Linn.)
and other parrots, are very abundant.

The river, after leaving the gneiss lands, widens very
much, and is in some places 800 to 1,000 feet wide,
occasionally diversified by wooded islands, and affording
stretches of river scenery of very great beauty. Francyl-
vania is the name of a settlement established on the
northern bank of the Doce, at a short distance back from
the river, opposite the mouth of the little river Santa
Maria, and not far above the mouth of the Rio Panca.
Here, not many years ago, was established a Brazilian
colony, under the direction of one Dr. Franca Leite,* which
proved a failure ; its site being now marked only by a luxuri-
ant second growth (capoeira), which on the Brazilian coast

# The history of this colony is briefly as follows : Dr. Franca Leite, some fif-
teen or more years ago, conceived the idea of establishing a colony on the Rio
Doce, and at Francylvania, aided by government, he formed a scttlement.
Mills for sawing lumber and grinding mandioca were erccted, and a consider-
able amount of ground was put under cultivation. Establishments were opened
at the Povoagdo, at Monserras, and Ipyranga, where many cattle were raised.
But Dr. Leite’s plan proved visionary. He failed to get the aid he demanded ;
the colonists, dissatisfied, and harassed by the Botocudos, who were very
troublesome neighbors, began to withdraw, and after an existence of some three
years, the Botocudos put an end to this colony by killing Ervalina, Leite’s
brother-in-law, and a slave, and burning the settlement ; and thus failed another
attempt to settle the Doce.
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rapidly springs up on abandoned lands. The soils in the
vicinity of Francylvania are of the most productive kind,
and the locality was wisely chosen for the establishment of
a colony.

Descending from Francylvania to the hills of Santa An-
tonio, the lands bordering the river are still lower, and the
hills have long, gentle slopes, but no rocks are seen, except
gneiss, on the borders of the river. The islands all consist
of sand, overlaid by a thick bed of brown soil. Alluvial
lands of the same character occur on both sides of the river,
forming irregular strips. These lands, which are liable to
be overflowed during the enchente, are of the highest fertil-
ity, and are especially proper for the culture of sugar-cane.

A few leagues south of Francylvania the river passes
through a region diversified by hills of gneiss several hun-
dred feet high. On the south side of the river the western-
most of these hills form a range which, under the name of
the Serra de Sant’ Antonio, is seen stretching off south-
ward, tying in with the coast mountains of Santa Cruz and
Nova Almeida. In thi$ belt of country are many lagdas,
some of them of considerable size. Among these may be
mentioned the Lagda Sant’ Antonio do Norte, on the north
side, and the Lagbas P4o Gigante and Limdo, on the south,
all of which communicate with the river by small, black-
water streams. These lakes and streams have been very
incorrectly laid down on the maps, owing to the fact that no
trustworthy survey of the river has ever been published.*
A few miles farther east, and opposite the Barra do Rio
Limdo, is a range of high hills, which stretches off as far as

* T am informed that the river was surveyed and mapped for the English
Company of the Doce by Mr. Fred. Wilner, but I am not aware that the map
was ever published.
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one can see from the river towards the northeast. This
hilly country ends on the river, just to the east of these
hills, in a sharp ridge about a mile long, escarped on the
eastern side, and known as the Morro da Terra Alta.

LOOKING UP THE DOCE FROM NEAR LINHARES.

Passing through this country the river is much diversified
by islands, and is in some places more than 1,000 feet wide.
The lands here vary much in character, and are noted for
their richness. Over the whole country spreads the heaviest
forest growth, but at the time of my visit it was unbroken
by a fazenda, and in the hands of the Indians and rosewood-
cutters. On leaving the ‘hills the river soon widens to at
least half a mile, and is full of beautiful wooded islands,
while it is bordered by alluvial lands which, during the
enchente, are liable to be overflowed. These lands extend
to Linhares. About two leagues above this town there are,
on the southern bank, a few clearings. I think that no-
where in Brazil have I ever seen so rank and luxuriant a
vegetation. These lands are covered with the same brown-

ish, clayey soil we have observed farther up the river.
5 e
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This soil, which is called magapé, or massapé, is found on
all the alluvial lands bordering the rivers on the Brazilian
coast, and is noted for its great productiveness.

On the Rio Doce those massapé lands which are of suffi-
cient height to escape the effects of the enchente may be
used for the cultivation of almost any of the products of the
country, —such as sugar-cane, tobacco, coffee, cotton, man-
dioca, &c., — but a large part is likely to be submerged
every year when the river is full. The annual over-
flow begins in December with the daily thunder-storms,
and lasts usually until March. During its prevalence the
river margins are overflowed for a greater or less length of
time, the freshets of March often being as high as those of
December. In the year 1833 occurred an extraordinarily
heavy freshet, since when nothing like it has been known.
The water of the river, even in the dry season, is very
turbid with sediment, and of a light yellowish-brown color.
During the enchente it becomes very much more turhid, and
a thin deposit of mud is thrown down over the flat lands
every year. On the subsidence of the waters, the vegetation
left decaying over the wet country is apt to breed fevers,and
the Rio Doce has had a very bad reputation for being very
unhealthy. It certainly is feverish, but I could not learn
that it was any worse than Sdo Matheos, or even so bad.
My companion and I suffered nothing from our visit. The
river waters are bad, but if allowed to deposit their sedi-
ment, and stand some time, become very potable and safe.
The climate of the Doce is warm and very damp, and it is
upon the distribution of rain throughout the entire year that
the luxuriance of the vegetation seems to depend. The cli-
mate is damper than at Victoria or Sio Matheos. Carne
secca, or dried salted beef, which keeps well elsewhere, soon
spoils here in certain seasons of the year.



PROVINCE OF ESPIRITO SANTO. 99

The massapé grounds which are liable to be overflowed
are used for the culture of almost all the products of the
country, except mandioca, cotton, and eoffee. The root of
the mandioca requiring more than one scason to ma-
ture, is likely to be injured by a freshet, so that its cul-
ture is confined to the higher grounds. These massapé lands
are especially good for sugar-cane, which, as at Campos, is
not injured by an overflow, and also for beans, Indian corn,
rice, bananas, &c. The corn and beans are planted usually
in March or April, so as to become ripe before the enchente.
Lands of this character are very extensive, and the Doce
region is adapted to sustain a very large population.
There can be no doubt that with the clearing of the forests
and the tilling of the ground the region would become more
healthy.

Linhares is built on the left bank of the river,on the top of a
bluff formed by the projection southward of a point from the
great tertiary plain lying north of the Doce. The bluff is, if
I remember rightly, about eighty feet high, and exposes beds
of white and red clays of the ordinary type. On the Doce
these elays occupy near Linhares only a small extension on
the northern bank. Their boundary line trends off north-
ward to Sdo Matheos and northwestward to the Lagba Jupa-
randa,* which is held in a basin scooped out of the beds of
this formation. The lagba lies at a distance of about two
miles to the north-northwest of Linhares, and communicates
with the Doce at Linhares by a very narrow and tortuous,
but deep channel, called the Rio Juparanda, which flows over
the low wooded ground close to the edge of the bluffs. This
channel is about fifty feet wide, and, according to Senhor

* The word ““ Juparanda,” according to Prinz Neu Wied, is Tupi, and means
[ sea.’,
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Raffael P. do Carvalho, furnishes at all times at least four
to five feet of water, which would be sufficient for a little
steamer. It is exceedingly tortuous, but it would be a very
easy matter to cut off some of the bends, and thus shorten
very much the distance between the Doce and the lake.

At the foot of the lake the river is bordered on the west
side by a narrow strip of low ground, north of which the
tertiary bluffs begin ; and, with the exception of this little
stretch of alluvial land, and of a similar stretch at the head
of the lake, the lake is bordered by the bluffs. Freireiss *
gives the length of the lake as seven leagues, width half a
league, and circumference sixteen to eighteen leagues. The
Diccionario Geografico (vide Art. Juparanan), which is here
manifestly inaccurate, gives the circumference as only five
leagues. According to my estimate, and the. information
of Senhor Raffael, it must be at least twenty miles long and
in some places four miles wide. It is very deep, and in
some places, according to Freireiss, the depth is at least
eight to twelve Zlafter (fathoms). The water of the lake
and river is of a light milky eolor. The banks of the lake are
cighty to one hundred and fifty feet high, as near as I could
judge, the height being greater at the head of the lake.
Along the eastern side, between the foot and the Fazenda do
Guaxe, white and pink clays are exposed in the bluffs,
and in many places the coarse red sandstone of the tertiary
crops out at water-level or thereabouts. About a mile north
of Guaxe, on the east shore of the lake, and opposite a very
small island of gneiss, a point called the Ponta de Ouro, a
quarter of a mile long, juts out into the lake. This point is
about fifty feet in height, and forms on the southern side a
line of picturesque cliffs. The strata composing this point

* Quoted by Neu Wicd, Reise nack Brasilien, Vol. I. p. 214.
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are perfectly horizontal, and consist of a white or pink feld-
spathic clay, in some localities with no admixture of sand,
but for the most part with a large percentage of coarse,
angular, or slightly rounded sand and gravel, these
materials being scattered through the mass apparently
with no order whatever. The lowest beds are the most
sandy. The red color is due to ferric oxide, which is dis-
tributed through the mass very unequally, sometimes ce-
menting together portions of the beds into stalagmite-
like masses penetrating the clays. The tint is sometimes
yellow. Under the clays is the coarse red sandstone
which occurs in very solid and compact masses, in which
case the rock is regularly and evenly cemented. The
bluffs are steep and wooded, as also is the plain above.
Small farms are located along the lake, with an occasional
little fazenda. The slopes of the bluffs are found to yield
very abundantly, and to produce excellent coffee. The
Lagba Juparanda is, like the Doce, very full of fish. I
found here two species of Cagados, probably the Emys
depressa and Emys radiolata of Max. zu Neu Wied. A
species of Unio is abundant in the lake, and is said to be
used for food. I saw heaps of the shells lying in front of a
fisherman’s hut, but the animal may have been used for bait.

At the head of the lake there enters a little river called
the Sio Raffael. It rises in the forest, in the country of the
Botocudos, and has never been explored.* Gerber’s map
represents a Rio Preto as flowing into the Juparania, but
no such river exists. The lake also, as laid down on his
map, is too small, and the island is too large. It is really
only a rock. The head of the lake cannot be distant from

* Senhor Raffael says that above it divides into three branches, and that it is
rich in fish, but that it contains no surubims ( Platystoma).
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the city of Sdo Matheos, according to the best information I
have received, more than three to four leagues. The bhar
of the Doce is so bad as practically to forbid the entry of .
vessels, although they sometimes eross it; but the river is
navigable for a little steamer, during the whole year, from
its mouth to Porto de Souza, a distance of ninety miles ; so
also is Lake Juparanda. Until a railroad is built to Vie-
toria it would seem best to construct a good wagon-road
through the forest, from the head of lake Juparania, over
the plain, to S3o Matheos, and make Sdo Matheos the
port of the Doce; but S3o Matheos can never offer the
same advantages as a port that Victoria does.

The lands surrounding the lake are plains covered by
forest, but owing to the dryness and little fertility of the
soil, it is not very luxuriant. The soils of these high lands,
however, vary very much in quality, in some localities being
excellent for cotton, mandioca, &c., in others sandy and
barren. Rosewood abounds in these forests, and is quite
extensively cut.
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The higher lands near Linhares appear to be fertile, and
I have nowhere seen more vigorous and luxuriant crops
of sugar-cane, bananas, &c., than I saw growing on the
plantation of Senhor Alexandre, by the river-side, just
below the town, and situated on alluvial grounds. The
river here appears to be bordered by three terraces, but I
had no time to examine them closely.

Lying almost parallel with the river, and to the northeast
of Linhares, is a very beautiful, narrow lagoon, which looks
like an old river valley, and is called the Lagda do Aviso.
It is said to empty into the Doce to the east of Linhares.
There are other lakes in the vicinity.

LAGOA DO AVISO.

From Linhares the river runs off in a southeasterly direc-
tion to the sea. The stream.is wide and interspersed
with many islands. The shores are low, forest-clothed, and
overflowed during the annual freshet. At the mouth the
river widens very much and enters the sea obliquely, from
behind a long sand-spit which extends southward from the
left bank. The river just inside the mouth forms a fine sheet
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of water, but it is very shallow, the bottom being shifting,
so that the soundings vary with the quantity of water in
the river. So great is the amount of water, and so shal-
low is the river, that the tide is not felt inside the mouth,
and the water is always fresh. Great numbers of drift
trees are brought down during the freshets, and the sea-
beaches of the vicinity are strewn with them. The
mouth is wide, shallow, and obstructed by a bar, on which
the waves break fearfully. It is always difficult, and
sometimes for weeks together impossible, to enter the
Doce, and very many vessels have been lost in the attempt.*
Just northeast of the bar arc extensive banks, which ex-
tend two or three miles out to sea. There is a little
hamlet on the right bank of the river, near its mouth,
and a short distance above, on the left bank, is a small set-
tlement called the Povoagiio. The lands here are sandy,
but they are, for such soils, quite fertile, producing man-
dioca, cotton, mamona, sugar-cane, &c. The coast at the
mouth of the Doce projects considerably to the eastward,
and there is usually a strong current near the shore, de-
pending for its direction upon the wind.

Many Srears ago an English company was formed to open
the river Doce as a highway for navigation into Minas, but,
from the above deseription of the river, any one can see how
unfit it is for navigation above the falls. The enterprise of
course proved a failure, and a curse has undeservedly fallen
on the Doce. At present a very small commerce in salt is
carried on between the coast and various points along the
river, the salt being transported in canoes. The journey
from the sea to Correntes, a town situated on the river
of the same name, an affluent of the Doce, a distanee

* The coasting steamers occasionally enter the Doce.
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in all of about two lhundred miles, consumes over forty
days. TFrom the Barra to Porto de Souza the journey
is easily performed; but above that point the canoes
must be towed and poled with the greatest difficulty,
and at very short intervals the load has to be removed,
so as to allow the empty canoe to pass a waterfall.
On the coast a bag of salt of about sixty pounds costs
28000 (two milreis, or about a dollar). In Minas it costs
eight milreis or more. As nearly as 1 could learn, the
whole enterprise of the English company was conducted
with great extravagance and want of good management,
so that it is no wonder it failed. It is useless to think
of making the Rio Doce the highway to Minas, and of
using the mouth of the river as a port. The country bor-
dering the Rio Doce and the Lake Juparania, and extend-
ing westward for some distance beyond Porto de Souza,
must be treated as a great agricultural region by itself.
Since my visit to the Doce quite a number of Amer-
ican families have settled on the river, forming a little
colony, which, so far as I can ascertain, promises to be a
success. The colonists came from the Southern States,
from a climate not so very different from that of Espirito
Santo, and those that I saw looked like men through whose
hands a better future might be worked out for the Doce.
We hope that their enterprise may be successful.*
Northward to the mouth of the Rio Sio Matheos stretches
a sand-beach, broken only by one or two river-mouths,
and back of which, between the shore and the tertiary
bluffs, is a wide area of swamps and lagoons, —a region al-

* In the spring of 1868 there were on the Doce, according to Burton, four
hundred Americans, who were doing well, and were ‘studying coffee.”

(Highlands of Brazil, Vol. L. p. 5.)
5%
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most impassable, and never yet mapped. Just north of the
Doce and near the coast is a large lagoon called Monserras.
During the dry season this is separated from the sea by the
sand-beach, but when the rains come it opens for itself a
channel to the sea, which ehannel remains open until the
dry season returns.* A more waste and desert region than
the shore between the Doce and Sao Matheos can scarcely be
imagined ; but it is the high-road, and must be followed in
going to SAo Matheos. The weary sand-beach stretches ahead
to the horizon, dancing in the hot air, and dimmed by the drift-
ing spray from the ocean breakers, that pour their thunder-
ing, blinding surges on the desolate shore. A line of monoto-
nous sand-heaps, like a great tumbling billow ready to burst
on the low grounds behind, runs parallel with the beach,
bare, or scantily covered by tufts of grass, dwarf palms,
&c.,—no shade, no water. The road is a strip out of Sahara.
On one side is the sea, on the other a miasmatie, pathless
swamp. Ordinarily the lagoons lie at some little distance
from the shore, and are separated from it by a dense, impene-
trable thicket ; but at Pitanguinha there is a little lagoon by
the shore where water may be obtained. The sands on these
beaches are coarse, and do not pack so as to afford a good
footing. Animals sink at every step, and the journey from
the Doce to the Sdo Matheos is excessively fatiguing, the
traveller being, in addition, liable to suffer severely from
thirst. About thirty miles north of the Doce is Barra Secca,
where a little river, draining the marshes of the interior,
empties into the sea. Just where it takes its rise, and what
is its course, no one, even of the immediate vicinity, knew.
It is usually set down as draining a lake called Tapada ; but

* When I went to the Doce from S3o Matheos this bar was closed, but on
my return, in the latter part of December, it was open, and dangerous to cross.
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that is not possible, for the lake lies only a few hundred
yards from the mouth of the river, and at a very much high-
er level. The tide ebbs and flows in the Secca and evidently
runs up a long distance. The river comes from the south
and, just before reaching the sea, flows along in the rear of
the broad beach ridge, from behind which it eseapes at the
barra, and, cutting a channel-across the beach, flows into the
sea. The beach is constantly changing by the drifting of the
sands, through the action of the wind and waves, so that the
barra is as constantly shifting, never remaining long in one
place. With a northeast wind it shifts to the south, with a
southeast wind to the north, while an easterly storm some-
times closes it entirely. The river is so shallow that it may
be forded at low tide, whenee the name Barra Secca. At
the time of my visit, in 1865, there were exposed in the banks
of the stream at the barra strata of sandstone which were laid
bare by the washing away of the beach-sands. These sand-
stones were formed, below high-water mark, by the cement-
ing together of the sands of the lower part of the beach by
the lime of shells, &ec. They preserved the characteristic
beach structure, and were full of shells; but of these sand-
stones I shall have more to say further on.

The lands behind the beach at Barra Secca are flat and
sandy, and, though cultivated to a very slight extent, are of
no real value. The lower grounds are damp, furnished with
a soil, and are largely covered with arather luxuriant forest-
growth, back of which is the picturesque Lagbda Tapada, a
large, irregular, shallow sheet of clear water, margined by
grass-covered meadows and forest. Its waters drain off
northward into the Maririct.

On the beaches between the Rio Doce and the Sao
Matheos the traveller sees, at f\requent intervais, the shells
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and skeletons of sea-turtles, and at certain times of the
year there is no sight more common than that of a flock of
Urubus feeding upon the decaying carcass of a turtle, re-
cently killed by some hunter for the sake of its flesh, fat, or
ovarian eggs. Most abundant of the four species which
occur on the coast is the Loggerhead Turtle, Thalasso-
chelys cauana Fitz.

This species is very common on the DBrazilian coast.
One may frequently see it floating lazily about on the sur-
face of the sea, inside the Bay of Rio, as well as outside the
bar, but there are regions where it is especially abundant,
and to certain beaches it resorts in great numbers, at par-
ticular seasons of the year, to deposit its eggs. Perhaps one
of the most noteworthy of these is the beach between the
Doce and Sao Matheos. In the month of November, 1865,
I found the turtles laying in the vicinity of Barra Secca,and
Mr. Copeland and I made a short stay at the place to capture
some specimens for the Museum of Comparative Zodlogy.
In the daytime the turtles remain out at sea, but in the night
the females come on shore to lay their eggs. According to
the statements of the fishermen, as well as to my own obser-
vations, they come in shore when the tide is low, and having
gained the beach, creep to the upper part beyond high-tide
level before they make their nests.

I have repeatedly watched the movements of these animals.
They walk by means of their great flippers, assisted by their
short hind legs, with a very slow, hitching motion, the body
dragging on the sand. The flippers and feet make two irreg-
ular grooves in the sand, three or four feet apart, which look
as if a great wagon with cogged wheels had been driven over
the beach. These tracks are so prominent that one may see
them even on a dark night, and they serve to tell the hun-
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ter whether the turtle has returned to the sea or not, and to
guide him to her, or to her nest. While laboriously working
her way up the beach, the turtle keeps her head stretched
out, and from time to time snuffs and sighs as if fatigued,
and now and then she rests. So intent is the animal upon
the accomplishment of her mission to land, that one may
mount on her back without alarming her ; but if too much
disturbed, she hastily turns about and makes her way as fast
as possible to the sea. Arrived at the top of the beach,
sometimes just above high-water mark, sometimes a few feet
higher up among the sand-hills, at others, even on the land-
ward side of the sand-ridge, she stops and prepares to make
her nest. This she accomplishes by means of her flat hind
feet, and after this manner: She digs up the sand with one
foot, and throws it to one side. Then she uses the other
foot in the same manner, working with one foot after the
other, alternately, like a machine, as Neu Wied has re-
marked.* The sand which would be likely to fall back
again is moved out of the way by the foot, which moves
forward before it is thrust down to deepen the hole, and
scrapes the sand to one side. The whole is a very slow
operation, occupying several minutes. During this time the
animal remains with her head stretched forward, with very
little motion of the body, and occasionally giving a hiss or
breathing heavily. 1In this way I have seen a perpendicular
hole dug in the sand a foot and a half or two feet deep,
and a foot in diameter. The animal then remains quiet,
and the deposition of the eggs soon begins. While one
individual was laying, I caught the eggs in my hand, as they
fell. They were laid two by two, or one by one, at an inter-

* Neu Wied has in his Journey a plate of a turtle laying. The figure of the
turtle is very inaccurate, and the eggs are represented as of different sizes.
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val of about half a minute, falling in a heap into the hole, to
the number, if I remember rightly, of 143. A nest almost
always contains over 100 eggs, and usually from 120 to 150.
When the laying was going on, the animal appeared per-
fectly unconscious of the presence of persons about her.
So soon as it was accomplished, she rested a moment, and
then, with her hind feet, scraped the sand back into the hole
until it was full. After this the body was raised a little, and
sand was scraped underneath it. The body then descended,
packing the sand tightly, and this operation was repeated -
several times. It was an exceedingly interesting sight to
see this stupid reptile performing so strange an act, one to
which she seemed to be prompted by something more than
a blind instinct. The whole operation finished, she turned
round and started for the sea, when we captured her, by
taking hold of the shell behind, and upsetting her on her
back, in which position it is impossible for a sea-turtle to
turn over. In upsetting one of these animals two persons
are usually required. As soon as the animal is alarmed,
she thrusts her fore paddles into the sand and throws it
behind her, so that, if one does not take the precaution
to close his eyes, he is likely to be blinded.

The eggs are rather larger than those of a hen, round,
and covered with a tough, white, parchment-like skin. The
albuminous portion is clear, and does not become hard in
boiling. The yolk is very large, deep yellow, and is the
only part eaten. I found these eggs very palatable, though
they tasted somewhat fishy. The Brazilians are very fond
of them, and, while the turtles are laying in November, De-
cember, January, resort to the shore to collect them, ﬁlling
in a short time the great panniers of their mules. They
discover the nests by thrusting a long stick into the sand,
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and then dig out the eggs with their hands. The nests
are, I am told, sometimes despoiled by the Teit lizard
( Teius monitor Merr.). The Brazilians cook the eggs in
various ways, but generally by boiling. The yolk is usually
mixed with sugar and farinha. They are not so satisfying
as the egg of the hen, and one may eat a dozen at a meal.
They make very good omelets. The eggs which remain
unmolested are hatched by the heat of the sun, in about
twenty days, it is said, when the young turtles dig their
way to the surface and escape to the sea, where the most
of them fall a prey to sharks and other fish. The eggs
are laid at such a depth below the surface as to insure a
uniform temperature, for on the surface the sands are
exposed during the day to a fierce, burning heat, while in
the night they cool down very much, the diurnal variation
of temperature amounting to thirty degrees or more. At
the depth of a foot and a half, or two feet, the temperature
is quite uniform, and would stand in December or January
at about eighty degrees. I observed that the dogs at Barra
Secca, when it was cold at night, scraped away the upper
layer of sand near my tent, and lay down in the warm
sand below, and I learned a useful lesson from them,
so that, when benighted and unsheltered, I could find a
warm bed on the sea-shore. The strength of the turtle
is enormous. A stout stick placed in its bill was crushed
like a straw:. The flesh is dark red and coarse. We had
it cooked in various ways, but did not find it very good,
though we were obliged to use it for food. The animal is
usually very fat, the fat being of a greenish-yellow color,
and oil is tried from it for various purposes by the people
of the coast. The ovaries were always full of eggs in all
stages of development. These ovarian eggs are much es-
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teemed by the inhabitants, and the turtles are killed in
great numbers for their sake. All along the beaches one
may see carcasses from which the plastron has been removed
to allow the ovaries to be got at. Mr. Copeland and I
prepared some six specimens of the species of turtle above
described in the shape of skeletons, shells, skins, and alco-
holic preparations of head and flippers, for the Museum of
Comparative Zoology.

The food of this turtle appears to consist of fish, shell-
fish, sea-urchins, &c. I have observed growing on the cara-
paces of these animals a large barnacle, Coronula, like that
which grows on the back of the whale on the same coast.

Prince Max zu Neu Wied, on his journey northward from
the Doce, saw a living sea-turtle near Barra Secca, and
watched her lay her eggs. He has referred this specimen
to the Green Turtle, Chelonia mydas,but 1 do not think that
his determination is satisfactory. The specimens which
Mr. Copeland and I collected have been examined by Mr.
J. A. Allen, of the Museum of Comparative Zoology, and
have all proved to be Loggerheads. I do not think I saw a
single mydas on the Brazilian coast; at all events, all the
sea-turtles I examined were different from the green turtles
brought into the New York market.

Eretmochelys imbricata Fitz. (Tartaruga de Pente of the
Brazilians.) This species occurs quite abundantly on the
Brazilian coast. It is taken at the Abrolhos together with
the Cauana, and its thick scales are used to some extent
for the manufacture of ornaments. One may occasionally
find it in the markets of Pernambuco and Bahia, and at the
latter city my friend, Dr. Anto. de Lacerda, had one which
he kept captive in the pool of a fountain in his garden.

Sphargis coriacea Gray. (Leather-back Turtle.) Neu
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Wied mentions hearing an immense sea-turtle with a leath-
ery skin spoken of, and which he supposed might be Testudo
coriacea Linn. ; but he did not see a specimen. The fisher-
men described to me a similar turtle, and their description
would tend to confirm Neu Wied’s opinion. I did not see a
specimen.

Chelonia mydas Schu. (Green Turtle.) According to
Neu Wied and others, this species occurs on the Brazilian
coast, but I have never seen it.

The number of sea-turtles destroyed every year on the
beaches between the Doce and Sio Matheos is very large,
and the destruction, if persisted in, must ultimately drive
them from the coast.

Gerber’s map of that part of Espirito Santo between Santa
Cruz and the Sao Matheos is very inaccurate, because the ma-
terials from which his map was compiled are inaccurate, and
little trust is to be placed in the position assigned to the
lakes and minor streams. For this.region the chart of.
Mouchez, though giving in considerable detail the hydrog-
raphy and topography of the coast lands, is worse than
nothing, for he seems to have disregarded all the previously
published maps of the province.

The beach, backed by a high ridge of sand, runs north-
ward, for perhaps two miles, to a place called As Pedras,
where the same calcareous sandstone, as seen at Barra Secca,
occurs, exposed for some distance along the beach over a
considerable area. The beds dip seaward, and appear to
be very thick at low-water mark ; but they thin out before
reaching high-water level. The arrangement of the mate-
rials in this sandstone is precisely like that of the beach,and
this formation is only the lower part of a beach ridge which
has been cemented by the lime of shells, &c., and then laid

H
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bare. The sandstone is exceedingly hard. Two sets of
joints — one parallel with the beach line, the other at right
angles to it—divide it into great blocks, which, in those spots
where they have been undermined by the surf, lie upset and
in confusion along the edge of the reef. Along these joints
the rock is often harder than between them, so that when
the surface of a block is exposed to the action of the sea, the
edges wear less rapidly than the middle, and the cracks
seen on a worn surface are oftentimes bordered by nar-
row ridges. These have evidently resulted from the pene-
tration into the mass of water carrying lime in solution,
after the joints had been formed, and the farther solidifi-
cation of the rock on each side of the joint. The waves
beat terribly against this reef, and it is badly broken up.
Continuing northward along the reef, which sometimes
forms a smooth pavement to the beach, at others obstructs
it by broken masses of stone, we come to a rocky point
where the shore bends in abruptly, and makes a little bay.
The beach ridge ends as abruptly, and the shores of the
cove have no ridge, but the reef rock continues straight on,
and forms a line of rock, stretching out some distance
across the bay, while at low tide one may see that the
reef, only just covered by water, is continued across the
bay to a point where the beach, furnished with a sand-
ridge, follows once more its normal northward trend.
This locality is very interesting, because it shows us
that the sandstone is confined to the beach, and that,
when the beach ridge and the sands behind have been
swept away, by a storm or otherwise, the bared reef may
stretch, like a wall or breakwater, across the coast inden-
tation thus formed.

Still farther northward we find the beach bordered by a
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fringing reef of this sort,— a sort of irregular flagging to
its edge. Riding over these one sees the ordinary shells of
the coast, with their colors still fresh, imbedded in the rock.
There is a species of marine worm which construets on these
rocks, near low tide, great, rounded, flattened agglomera-
tions of sand-tubes, which are sometimes more than a foot
in height, and resemble immense sponges. The sand is
very compactly cemented together, as might be inferred from
their withstanding the continuous pounding of the Atlantie
surf. Somectimes these masses are broken across, when
they appear like fragments of some large Astrean. At one
locality on the shore, opposite these rocks, there is a shallow
lagoon of considerable extent, called Mariricd, which lies
just behind the beach, and is separated from the sea only
by the beach ridge, which latter rises to a height of
but five feet above high-water mark. I found the surface
of this lake to be, on the 18th November, 1865, about five
feet and a half above the level of the sea at low water.*
Since it is separated from the sea by only a narrow ridge
of sand, there is a constant soaking of its waters through
the beach at low tide. It has seemed to me probable that
the waters of the lagda percolating through the beach might
have something to do with the solidification of the sands.
The narrow beach which separates the lake from the sea
is the only dry ground between the swamps and the ocean,
and it is the road taken by the wild animals passing north
and south along the shore. At As Azeites, a little settle-
ment near the shore, and about three leagues south of Sio
Matheos, there are several beach ridges, one inside of the
other. Inside of these, draining the lagdas and swamps of
the south, flows a little black-water stream called the Rio

* The tide here rises about six feet six inches.
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Mariricd.* At As Azeites the swampy region is several miles
wide, and a considerable part of it is overflowed ; but the
lagoons and streams are so masked by floating masses of
water-plants (balsas), and a dense swamp vegetation, that
the country is impassable, and consequently unknown to the
inhabitants of the district itself. At Azeites the Maririca
is only a narrow, navigable channel leading through a
wide, overflowed region, and bordered by balsas of grasses,
arborescent arums, and trees. A narrow canal, several
hundred feet long, is here cut through the floating vegeta-
tion to reach terra firma. On descending, the channel
frequently expands into broad lagoons, diversified by balsas,
and islands with clumps of trees, but the channel soon con-
tracts, though the growth of floating grassest on each side
makes it appear very much narrower than it is in reality.
In some places it is one hundred and fifty feet wide and ten
to fifteen feet deep. The lands bordering it are, for a large
part, only just above water, and are heavily wooded. In these
forests one sees the Gamelleira ( Ficus), and the Tucum palm
(Astrocaryum tucuma Mart.), furnishing a valuable fibre, and
the Ing4, while on the open grounds flourishes the Cashew,
or Cajueira (Anacardium occidentale), some immense trees
of which I saw growing at As Azeites. These lands are
very excellent for the cultivation of rice. There are some
stretches of higher sandy grounds, which, though not fertile,
are more or less cultivated, producing mandioca, feijio, cot-
ton, rice, and eorn. The Maririct empties into the Sdo Ma-
theos a few miles above its mouth. The tide, which goes

*1In all probability during heavy freshets some of the shore lagbas may
make outlets for themselves; but the only barras I saw between the Doce and
Sao Matheos were those of Monserras and Secca.

t This is the resort of great numbers of alligators, capabaras, and of many spe-
cies of water-birds, — ducks, parras, cranes, &c., — many of which breed there.
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up the Sd3o Matheos some thirty-five miles, makes’its influ-
ence felt up the Maririci for some distance. Sometimes,
during drouths, the salt water flows up the river and kills
the floating grasses, and many of the fresh-water fish die.
The Rio S3o Matheos rises in the province of Minas,
in the forest, south of the Colonia de Uruct; but T have
no information as to the exact point, for the region of
its head-waters is a forest inhabited by savages and
quite unexplored. In a manuscript map kindly furnished
me by my friend, Herr Robert Schlobach, Imperial engi-
ncer of the Mucury, the Rio Sao Matheos is represented as
taking its rise a few miles south of Philadelphia. Its an-
cient name was Cricaré, or Quiricaré. It is formed by the
union, at a distance of about sixty miles above its mouth, of
two branches called, respectively, Brago do Norte and Brago
do Sul. I made a horseback journey to the Fazenda do Capitio
Grande, distant some forty-five miles from the city of Sao
Matheos, and situated on the Brago do Norte, a few miles
above its junction with the Brago do Sul, and, descend-
ing to the sea, mapped the river as far as Sdo Matheos,
below which I was prevented from continuing my work.
At Capitdo Grande the river, a stream some one hundred
feet wide, shallow and swift, flows in the bottom of a
valley, cut through the tertiary formation, which here has a
thickness, above river level, of three hundred feet, more or
less. On both sides of the valley the country is a plain, for
the most part heavily timbered, especially on the slopes.
At the fazenda, the soils on the slopes appear to be drift, and
are exceedingly fertile. The coffee on the slopes was vigor-
ous and healthy, without blight, and it was very heavily
fruited with a berry of excellent aroma. I do not remember
having seen anywhere better coffee-trees than those at Capi-
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tdo Grande. The soil yields mandioca and the other products
proper to the climate in abundance. In the narrow valley
the climate is very hot, trying, and feverish, but the clearing
away of the forests will change its character. On the Brago
do Norte clays are occasionally exposed in the bluffs, togeth-
er with a kind of coarse white sandstone such as would re-
sult from the hardening of the sandy clays of the tertiary.
There are but few inhabitants on this branch of the river.
Of the Brago do Sul I know nothing. . The main river is a
respectable little stream, one hundred and fifty to two hun-
dred feet in width above Sdo Matheos, and bordered by
alluvial lands, which lie in the bottom of a valley cut
through the tertiary beds, and vary much in width. The
valley is bordered by bluffs, in which sandstones and clays
of ordinary type are occasionally seen. The tertiary slopes
are very fertile and largely cultivated, as are, to a consider-
able extent, the lands on the upper plain* so that the
country, with its numerous fazendas and cocoa-palm trees,
wears a very pleasant aspect.

The cocoa palm (Cocos nucifera) is, according to Wal-

* The soil of the upper plain, when uncleared, usually bears a heavy forest
growth. It is more or less sandy and clayey, and I should suppose would be
difficult to work; but I am told that such is not the case. It is frequently
covered with a thin layer of loose sand on the surface, owing to the washing
away of the clayey portion by the surface water. It is especially fitted for the
cultivation of mandioca, which flourishes well in a sandy soil, as well as for
cotton, which also does well in a soil of that kind. Cane is planted to some
extent. When cleared, these lands make excellent grazing grounds, but grass
must be planted. On the Sertdo flourish the Nuyd, Timbure, and Murt palms.
Northwest of Sio Matheos, on the north side of the river, are some extensive
barren and swampy plains covered by a vegetation composed of shrubs,
among which I observed a species of Vaccinium in fruit. The soil of the river-
borders is Massapé, and very fertile ; but these are generally very low and liable

to be flooded. Near S#io Matheos are extensive swamps, which sometimes breed
very malignant fevers.
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lace and other good authorities, not a native of America, and
the early explorers of Brazil do not speak of it. Its home
appears to have been in the East Indies, but it has been in-
troduced into America, probably by natural means, the im-
pervious shell and thick husk fitting the fruit to bear long
transportation by ocean currents. It is now found every-
where on tropical coasts, but in the East Indies it is more
largely cultivated than elsewhere, sometimes even forming
forests. It is a very valuable tree, furnishing food, oil, fibre
for cordage, arrack, &e., &c.*

Von Tschudi says that Villa Vigosa is the southern limit
of this palm in Brazil. This is not quite correct. South of
Sao Matheos these trees are but rarely seen, but they, how-
ever, grow at Rio de Janeiro, and great numbers may be -
seen on the shores of Paquetd, while there are a few speci-
mens on the islands of Cobras and Villeganhdio. At the
Barra do S3o Matheos they grow very well, and at the
Fazenda do Campo Redondo, at a distance of several miles
from the sea, there is a fine grove on the edge of a bluff.
This palm, as has been frequently remarked, appears to
flourish best on the sands of the sea-shore, and it is very
rarely seen at any great distance inland.

A specimen was seen by Burton on the Sio Francisco at
Brejo do Salgado, three hundred and fifty miles from the
sea ; and, according to the same observer, the cocoa palm
occurs in occasional patches thence down the river. Burton
speaks of a large grove twenty-eight miles to the southwest
of Joazeiro, and he suggests that the saline character of the
soil may make up for the want of sea air.

* See Hamilton, Description of Hindostan, Vol. II. p. 210. Meyen, Botan-
ical Geography, p. 331. Transactions of Royal Asiatic Society of Great Britain,

Vol. I. p. 546. Bennett’s Travels in New South Wales, &c., Vol. 1L, Appen-
dix, p. 295.
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FAZENDA OF CAMPO REDONDO, SA0 MATHEOS.

Humboldt found this palm growing in the interior of
Venezuela, and the Duke Paul von Wiirtemburg reports it
as flourishing, at a distance from the sea, in the island
of Cuba. It oceurs, also, sometimes in the interior of
India.

In Brazil I have scen the cocoa palm as far south as lati-
tude 23° at Rio. It is grown abundantly in the provinces of
Bahia, Sergipe, Alagoas, Pernambuco, and along the coast
northward, but near the equator it is rarely scen. The
northern limit appears to lie within latitude 28° north of the
equator. Mayen says, on the authority of Humboldt, that
in Venezuela it ascends to the height of T00 toises above
the plain, or in the vicinity of 4,500 feet above the sea.

The products of the Sio Matheos region are principally
mandioca meal ( farinha), together with some sugar, cacéo,
beans, &c., &e. The cacéo is prineipally planted on the lower
grounds, where it yields well. The influence of the tide is felt
at a distance of some twenty-five miles, or more, above the
mouth of the river, and navigation for small vessels ends a few
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miles above the town. The height of the bluffs decreases on
nearing the coast, and, at the city, they are not more than
eighty to one hundred feet. Sao Matheos, like Nova Almeida
and other Brazilian towns, is built partly on the edge of the
bluff, partly at its foot, by the river-side, at the point where
the bluffs leave the river and run southward to the Doce.
It has about two thousand inhabitants, and is a place of
some considerable importance, being reached by the coast-
ing steamers and little schooners. The trade is princi-
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