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SOME TROPICAL LANDFORMS OF PUERTO RICO

By WaTsoN H. MONROE

ABSTRACT

Puerto Rico is in the northeastern corner of the Caribbean Sea. The
island is roughly rectangular, about 175 km long from east to west and
about 60 km wide from north to south; the total land area is slightly
less than 8,500 km2. Altitudes range from sea level to a maximum of
1,338 m at Cerro de Punta on the Cordillera Central.

A large variety of landforms in diverse geographic provinces make
the island of Puerto Rico an especially interesting area for the study of
geomorphology. The landforms are characteristic of tropical areas in
the trade-wind belts where high mountains cause convectional rain,
which result in an extremely varied rainfall. In Puerto Rico, yearly
rainfall averages from about 760 mm in areas of “rain shadow” to a
maximum of slightly more than 4,000 mm in a rain forest near the
northeastern corner of the island. Rock types in Puerto Rico include
such diverse kinds as lava, tuff, intrusive rocks, metavolcanic rocks,
limestone, and unconsolidated sand and clay; such diversity is reflected
in many contrasting kinds of topography within small areas. In com-
mon with other tropical areas, many features resulting from torrential
rainfall are found in Puerto Rico; many similar features are found in
temperate zones, but only in arid and glaciated areas.

The rivers of Puerto Rico have had a long, active history, which can
be deciphered from sediments in rocks of middle Tertiary age. Many
rivers have been beheaded by more actively growing streams, and
several record long periods of flow on nearly level surfaces followed by
downcutting during which meanders have been entrenched more than
200 m.

The island can be divided into three principal physiographic areas of
greatly contrasting topography: (1) coastal lowlands, (2) a belt of karst
features in northern Puerto Rico, and (3) an upland, which is ex-
ceedingly varied in physiographic features because of complex geologic
structure, variations in lithology, and a long and complicated history of
erosion,

INTRODUCTION

Puerto Rico is the easternmost island of the Greater
Antilles and stands near the northeastern corner of the
Caribbean Sea (fig. 1). It has roughly a rectangular
shape—about 175 km east-west and 60 km north-
south—and an area of 8,497 km?. In its political territory
are several smaller islands, including Isla de Vieques
and Isla de Culebra to the east, Isla Desecheo and Isla
Mona to the west, and Isla Caja de Muertos to the south.
Puerto Rico and its offshore islands all lie in the area
between lat 17°37 and 18°31’ N., and long 65°14’ and
67°56° W. Puerto Rico lies about 160 km south of the
Puerto Rico Trench, which reaches depths of about
8,365 m —the deepest known part of the Atlantic Ocean.

The main island is bounded on the east by the Vieques
Passage (Pasaje de Vieques) and on the west by the
Mona Passage (Canal de la Mona).

Puerto Rico has a great variety of landforms, par-
ticularly those related to a tropical climate, because it is
a high island subject to rapid erosion, its climate varies
from warm humid to semiarid, and it has a variety of
rock types that have different erosional characteristics.

Most of the island is mountainous (pl. 1). The Cor-
dillera Central, from 15 to 25 km from the south coast,
extends from the west coast eastward for about 100 km;
farther east, the Sierra de Cayey continues east-
southeast to the southeast corner of the island. The
Sierra de Luquillo is an east-trending range in the north-
eastern part of the island. Several other less prominent
mountain ranges are described in a later part of this
report. This mountainous terrain is the Upland
province.

In north-central and northwestern Puerto Rico,
dissolution of limestone has resulted in a belt of karst
topography 15-23 km wide and about 135 km long —the
Northern Karst province.

Near the sea, lowlands form a discontinuous Coastal
Plains province, consisting of coalescing flood plains,
alluvial fans, and a variety of beach and lagoonal
deposits.

PREVIOUS INVESTIGATIONS

The first scientific study of the physical geography of
Puerto Rico was made by R. T. Hill (1899a, b, ¢) and was
based on a visit he made at about the time of the Spanish
American War. Hill’s observations were very general,
but he called attention to the principal mountain ranges
of Puerto Rico; to the “pepino hills,” called now the
Northern Karst province; to “playa plains,” here describ-
ed as coastal plains; and to several features, such as the
“parting valley,” by which he meant valleys between
coastal hills and the central mountains, such as the Lajas
Valley in southwestern Puerto Rico. Hill also described
in very general terms the geology, soils, mineral
resources, and forest conditions of Puerto Rico.

In 1913 the Council of the New York Academy of
Sciences (Britton, 1919) proposed that the Academy
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CLIMATE

sponsor a scientific survey, which would include the
geology, paleontology, botany, zoology, and anthro-
pology of Puerto Rico. Geological and geographical in-
vestigations began in August and September 1914 with
a reconnaissance by C. P. Berkey (1915) and C. N. Fen-
ner. More detailed studies followed, including a com-
prehensive survey of the physiography by Lobeck
(1922). Local, more detailed studies of the physiography
were made by Hubbard (1923) and Meyerhoff (1927).
The geological and geographical investigations of the
island made by the New York Academy were summar-
ized by Meyerhoff (1933) in a general account of the
geology of Puerto Rico. Meyerhoff (1938) also made ma-
jor contributions to the description of the karst
topography comparing it with that of Cuba.

The most comprehensive studies yet made on the
geography of Puerto Rico were by Pic6 (1950; Picé and
others, 1954), who recognized 11 topographic regions in
Puerto Rico. With the collaboration of Zayda Buitrago
de Santiago and Héctor Berrios, he (Pic6 and others,
1969) later prepared a comprehensive study of the
physical, economic, and human geography of Puerto
Rico, which is now considered the most authoritative
reference. An English translation (Pic6, 1974) was
published in 1974.

The karst areas of Puerto Rico have been studied in-
tensively by many geographers and geologists.
Lehmann (1954) and Gerstenhauer (1964) made inten-
sive studies of the areas of cone karst. Blume (1968,
1970) described in detail the cuestas and cuesta scarps
made by the Lares and Aguada Limestones and related
the shape of the scarp to the karst features. Moussa
(1969) discussed stream capture of a small drainage
system in southern Puerto Rico by headward develop-
ment of a cave system. The course of the Rio Tanamai
through the karst area of northern Puerto Rico was ex-
plored for the first time during an expedition led by
Gurnee (1972). A comprehensive report by Monroe on
the karst landforms of Puerto Rico was published in
1976.

The beaches of Puerto Rico were studied by Guillou
and Glass (1957), and such special features of the coast
as beaches, beachrock, dunes, and stillsands of the sea
were described by Kaye (1959b).

CLIMATE

Puerto Rico has a warm, generally pleasant climate
dominated by the easterly trade winds and by rainfall
generally scattered throughout the year but character-
ized by sudden showers.

The trade winds (fig. 2) not only provide a nearly con-
stant breeze that makes high temperatures comfortable,

Roosevelt Roads Naval Air Station
east coast Puerto Rico

U.S. Weather Station at Puerta de Tierra,
San Juan, Puerto Rico

Boringuen, northwest corner Puerto Rico
F1GURE 2.— Wind directions at three coastal stations in Puerto Rico. Prepared from data published by U.S. National Weather Service. Numbers indicate mean

Former Ramey Air Force Base near Punta

annual percentages of wind in a certain direction; percentages of less than three percent are not shown.
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but the constant direction has had a noticeable effect on
the topography, particularly of the limestone hills near |
the northern coast. At San Juan the wind direction from
the easterly quarter continues for more than two-thirds
of the year. At the military airfields at Roosevelt Roads
(the U.S. Naval Base on the northwest shore of Radas
Roosevelt) on the eastern coast and the area previously
known as Ramey Air Force Base (inactive) in the north-
western corner of the island near Punta Agajereada,
this dominance from the easterly quarter is even more
marked and continues for more than three-fourths of the
year. Normally the winds are not very strong. Less than
1 percent of the time, they exceed 38 km/h, and less than
5 percent of the time, they exceed 24 km/h (Calvesbert,
1970). These velocities are greatly exceeded, of course,

on the rare occasions when hurricanes pass over Puerto !

Rico. At such times the wind velocity may exceed 250
km/h.,

The temperature range at San Juan is commonly less |

than 10° C. The mean maximum is 30° C, and the mean
minimum is 21° C. In the higher mountains, the range is
somewhat greater. At Guineo Dam, 8 km east of Cerro
de Punta on the Cordillera Central (pl. 1), the mean max-
imum is about 25° C and the mean minimum about 13°
C. The highest temperature ever recorded in Puerto
Rico was at Patillas near the southeastern coast, where
a high of 40° C was measured once. The lowest recorded
temperature was 6° C at Aibonito in south-central Puer-

|
|
'

to Rico at the east end of the Cordillera Central. When
the trade winds are occasionally diverted to the south or
north, even moderately high temperatures are very
unpleasant.

Rainfall in Puerto Rico is fairly well distributed
throughout the year, though in general about twice as
much rain falls per month from May through October as
does from January through March (Calvesbert, 1970).
The winds and the high mountains of central Puerto
Rico combine to produce an orographic distribution of
rainfall as shown in figure 3. The greatest annual rain-
fall of 4,000 mm is in the Sierra de Luquillo, where the
moisture-laden winds from the Atlantic Ocean are forc-
ed upward and rapidly cooled and precipitation results.
An area of similarly great but less intense precipitation
is along the Cordillera Central. Even the higher hills
near the southern edge of the Northern Karst province
between Lares and San Sebastian have a narrow belt of
precipitation greater than that to the north and south.
The areas in the lee of all these ranges of hills are in rain
shadows that are most marked in the southwestern part
of the island, where some stations record less than 800
mm of rainfall a year.

The relative humidity in the San Juan area averages
about 80 percent throughout much of the year, and the
average annual dewpoint is about 21° C. The rate of
evaporation is very high. In San Juan, the long-term
average annual rate of evaporation is 2,072 mm, where-

ATLANTIC OCEAN
RAMEY AIR FORCE
oo by |
30’ SAN JUAN
© ARPitz_BO/
8 1500
&
N
—
g 2000 Ciales Corozal
= 2000\4
- ’ggooD—E——//‘ ROOSEVELT ROAD NS
/2500- 2, 2000/-NAVAL AIR STATION .
Adjuntds PUNTAQ/\_,.% QD @ o
/ Albomto 500 q&“"
/\_{ 1500
18° /_k;l;g”Ng/ Patillas])]
o MWQ FH/J
CARIB EA
67°00" BEAN 66°30" S 66°00"
[I] 1IO 2.0 3]0 ﬁ 5]0 KILOMETERS
0 10 20 30 MILES

FIGURE 3. - Annual rainfall in Puerto Rico, contoured in millimeters, Data from U.S. National Weather Service.
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as the annual precipitation is only 1,631 mm. Rates of
evaporation have been recorded at only a few places but
are considerable everywhere, even in the mountains
where rainfall is plentiful. At Adjuntas near the Cor-
dillera Central, where the rainfall is 2,146 mm, the rate
of evaporation is 1,294 mm a year.

In southwestern Puerto Rico in the lee of the Cor-
dillera Central, the combination of high temperature,
constant wind direction, and large evaporation rate has
produced a distinct rain shadow. At several stations the
rainfall is less than 800 mm, and the rate of evaporation
at the agricultural experiment station at Lajas is more
than 2,000 mm. This part of Puerto Rico has a semiarid,
or steppe, climate.

Most rainfall in Puerto Rico is in the form of sudden
showers that have sharp boundaries, so that the path of
the rain is plainly marked. The showers tend to be tor-
rential but generally last only between 15 and 30
minutes. The National Weather Service (Calvesbert,
1970) reported that nearly half of their 40 weather sta-
tions show that from 30 to 50 days a year have more
than 12.7 mm of rain. As long-lasting rainstorms are
relatively uncommon in Puerto Rico, except during hur-

ricanes, these figures indicate that showers amounting '
to 2-10 mm are relatively common. Such torrential -

rainstorms have caused rapid downcutting of valleys
and an asymmetric shape of hills of limestone. They are
also responsible for the formation of several landforms
more generally associated with arid climates, such as
broad alluvial fans, which are common especially in
southern Puerto Rico, and bajadas, or coalesced alluvial
fans, which extend along the north side of the Rio
Gurabo on the south flank of the Sierra de Luquillo
(Broedel, 1961).

Puerto Rico is in the belt where hurricanes can be ex-
pected every year, but owing to its long east-west shape,
most of these tropical storms pass north or south of the
island. Only four hurricanes have passed over Puerto
Rico since 1900 (Calvesbert, 1970), but several others
have been close enough to cause considerable damage.
The principal effect has been extremely heavy rain-
fall—at times as much as 400 mm in a day —accompanied
by strong wind. The National Weather Service predicts
that winds of 175 km/h can be expected at least once a
century. The heavy rainfall accompanying the hur-
ricanes causes extensive erosion and flooding and may
be responsible in large part for the very steep sided
valleys in the island.

GEOLOGY OF PUERTO RICO

Puerto Rico consists of a central east-west axis of
predominantly volcanic rocks, flanked on the north and
south sides (Briggs and Akers, 1965; Beinroth, 1969;
Cox and Briggs, 1973) by younger sedimentary rocks

(fig. 4). Near the coast on all sides of the island are
discontinuous coastal plains of alluvium. The different
kinds of rocks have their own weathering and erosion
characteristics, which result in distinctive landforms.

The igneous core of Puerto Rico consists predominant-
ly of Lower Cretaceous to middle Eocene volcanic rocks.
The Lower Cretaceous rocks are exposed mostly near
the center of the island near Orocovis, Barranquitas,
and Cidra and in belts that extend south from Cidra
through Cayey to Guayama and eastward north of
Caguas. These rocks are mainly submarine volcanic-ash
deposits interspersed with lava flows. Near the top of
the Lower Cretaceous sequence, the volcanic rocks are
interlayered with a few discontinuous beds of reefoid
limestone.

The Lower Cretaceous rocks are overlain by Upper
Cretaceous interbedded volcanic and sedimentary rocks
that include sandstone and conglomerate, derived from
volcanic rocks, and limestone deposited as reefs around
volcanic islands. The Cretaceous rocks are intruded by a
number of masses of plutonic rock, generally of
granodiorite to diorite composition, that were emplaced
in very Late Cretaceous or early Tertiary time. The
largest masses of intrusive rock are the San Lorenzo
batholith, which is near San Lorenzo, Las Piedras,
Humacao, Yabucoa, and Maunabo, and the Utuado
batholith, which crops out in a wide belt between Jayuya
and Lares. Smaller instrusive bodies are present at
many places in the island, including areas on the south
side of Sierra de Luquillo, near Morovis, and at Ciales.
In western Puerto Rico several bodies of serpentinite
are present in linear belts transecting Cretaceous rocks.

The Cretaceous rocks are overlain by Paleocene to
middle Eocene rocks consisting of tuff and sedimentary
rocks, including conglomerate that contains fragments
of granodiorite eroded from the intrusive rocks. Most of
these rocks are present on the northern and southern
flanks of the central core, but some are also present in a
faulted belt that extends west-northwest across west-
central Puerto Rico.

The Cretaceous and lower Tertiary rocks have been
folded and intensely faulted into hundreds of fault
blocks (Cox and Briggs, 1973).

The folded and faulted Cretaceous and lower Tertiary
rocks are overlain unconformably in both northern and
southern Puerto Rico by conglomerate, sand, and clay of
Oligocene age, derived from soils that had formed on ig-
neous rocks over a period of millions of years and later
were reworked by the sea. The contact between the
older rocks and the overlying sediments is irregular and
has a moderate relief of a few hundred meters. The
Oligocene sediment is overlain by limestone of Oligocene
and Miocene age that in northern Puerto Rico is more
than 1,400 m thick and in southern Puerto Rico is more
than 1,000 m thick.
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GEOLOGY OF PUERTO RICO 7

Variations in the lithology of the Oligocene and
Miocene formations provide keys to the Tertiary
geomorphic history of central Puerto Rico. Hence more
detailed stratigraphic information is presented than for
the older Cretaceous and lower Tertiary rocks. Table 1
describes the lithology of the recognized stratigraphic
units, and figure 5 shows the same information in
graphic form.

TABLE 1.-Strata of middle Tertiary age in northern Puerto Rico

Thickness

Age (meters)

Unit and description

Miocene _____ Camuy Formation: sandstone, limestone, and ~ 0-170
sandy, ferruginous chalk.

Unconformity.

Aymamoén Limestone; very pure chalk in-
durated on surface to hard limestone;
slightly ferruginous chalk in upper part,
northwestern Puerto Rico.

Aguada Limestone; hard stratified limestone
grading downward into chalk; locally
sandy.

Cibao Formation:

Upper member; chalk and soft limestone
Guajataca Member; (in western area
only) fossiliferous calcareous clay and
limestone containing lenses of sand
and gravel as much as 15 m thick.

Miranda Sand Member; (in eastern area
olnly) sand and gravel, sand and sandy
clay.

Mont%bel]o Limestone Member; (in cen-
ter area only) friable pure calcarenite,
indurated on exposure to an erosion-
resistant limestone.

Quebrada Arenas Limestone Member; (in
eastern area only) finely crystalline
stratified limestone.

Rio Indio Limestone Member; (in eastern
area only) compact, chalky yellowish-
orange weakly bedded limestone.

Typical chalk or marl; (in eastern and
western areas) sandy and silty clayey
chalk.

Lares Limestone; thin to thick-bedded fairly
pure limestone, lower part locally contains
grains of quartz and limonite sand, inter-
tongues to west with sand and gravel, map-
ped with San Sebastian Formation,

San Sebastidn Formation; mostly thin-
bedded sand and clay, some sandy lime-
stone, locally, especially in west, sand and
gravel.

Unconformity (angular).

190

70-110

10-80

0-15

Miocene to 0-210

Oligocene.
10-60
Oligocene ___ 0-90

0-250

0-280

0-155

Eocene to
Cretaceous.

Voleanic, sedimentary, and intrusive rocks.

Lenses of sand and gravel in the generally calcareous
lower Miocene part of the Cibao Formation in northern
Puerto Rico record ancient rivers that carried sediment
from central Puerto Rico into the sea (Monroe, 1966a).
Slightly later in early Miocene time the island apparent-
ly had been eroded almost to base level, for the
Aymamoén Limestone is nearly pure calcium carbonate
containing as impurities only a few percent of quartz silt
and red clay. This suggests that the streams of the

.
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island, whose mouths and courses can be inferred from
the sediments in the Cibao Formation and from ancient
river courses still present on the upland in central
Puerto Rico, were carrying practically no sediment into |
the sea during Aymamén time. The fossils in the |
Aymamon, however, are all relatively shallow water |
species of corals, gastropods, and pelecypods. The ‘[
younger Miocene rocks of the Camuy Foundation above |
the Aymamoén Limestone consist of a heterogeneous se- |
quence of ferruginous limestone, chalk, and sandstone, |
which indicate renewed erosion of the uplands.

Resting uncomfortably on the Cretaceous and Ter-
tiary rocks are many kinds of alluvial and beach
deposits, probably mostly of Quaternary age. These
rocks include sandy clay, sand, sandstone, and gravel.
Most were deposited in flood plains and coastal plains of
rivers, but a few were deposited along the strand. Some
are dune sands blown into place by the wind.

THE PHYSIOGRAPHIC DIVISIONS OF PUERTO
RICO

Puerto Rico can be divided into three major
physiographic provinces or divisions (pl. 1): an Upland
province, a Northern Karst province, and a Coastal
Plains province. These provinces have distinctive
characteristics both in relief and in landforms. The
Upland province shows primarily the effects of erosion
on a structurally complex sequence of many kinds of ig-
neous and sedimentary rock. The Northern Karst prov-
ince shows the effects of the solution of limestone, The
Coastal Plains province is an area predominantly of
deposition. Each of the provinces can be divided into
smaller units of local significance.

As most of the rivers of Puerto Rico flow through
more than one of these provinces, they are described in
some detail before the individual landforms of the pro-
vinces are discussed.

{ Vieques, the Pasaje de Vieques, and the Caribbean Sea.

The larger rivers, from east to west, that enter the
Atlantic Ocean on the north coast are discussed in the
following sections.

RIO GRANDE DE LOIZA

The easternmost large river in Puerto Rico is the Rio
Grande de Loiza, which has the largest drainage basin of
any river system on the island, about 800 km?. The river
drains much of the area of the San Lorenzo batholith
(see pl. 1) and the Caguas Valley. It then flows north in a

" deep gorge to a northern coastal plain, where it flows in-

to the Atlantic Ocean at Loiza Aldea. The river has had a
complex Cenozoic history, when it lost several head-
water tributaries by stream piracy. The very wide valley
some 4 km south of San Lorenzo and the absence of
eastern tributaries, south of the junction with the Rio
Cayaguas near San Lorenzo, suggest that the Rio
Guayanés may have decapitated the southeastern part
of the Rio Grande de Loiza. This possibility is supported
somewhat by very thick terrace deposits on the sides of
the upper part of the Rio Guayanés valley (Rogers and
others, 1979), which in that area is a relatively small
stream that has only a small drainage area.

Quebrada Honda, one of the headwaters of the Rio
Gurabo, a tributary that enters the Rio Grande de Loiza
at Caguas, has been captured near Las Torres by two
short, steep east-flowing streams, as shown in figure 6.
These two tributaries formerly flowed into Quebrada
Honda, which is one of the headwater streams of Rio
Gurabo, but one is now the head of Quebrada de Pena
Pobre, a tributary of the Rio Blanco, and the other is
head of Quebrada Mambiche, a tributary of the Rio
Antén Ruiz.

A large stream flowing southeast to the Rio Grande de

' Loiza was captured by the Rio Guaynabo near the village

RIVERS OF PUERTO RICO

Most of Puerto Rico is well drained by surface
streams, except in the Northern Karst province, where
most of the local drainage is underground. All the larger
rivers are north of the Cordillera Central and drain into
the Atlantic Ocean. A few long rivers flow west and
drain into the Mona Passage (Canal de La Mona). On the
south side of the Cordillera Central, several short rivers
have steep profiles, dropping from 800 m, or more,
down to sea level. Profiles of the longest river in Puerto
Rico, the Rio de La Plata, and of one of these short,
steep, southward-flowing rivers, the Rio Jacaguas, are
plotted on plate 1 to show how different they are.
Several more short rivers drain east into the Sonda de

of La Muda, some 15 km south of San Juan, probably
during the Pliocene or the Quaternary. Pease (1968a)
recorded discontinuous patches of alluvial terrace
deposits more than a kilometer wide in the upper part of
the Guaynabo drainage basin. At a point 2.7 km due
south of La Muda, the Rio Guaynabo abruptly changes
direction from northeast and east to north, flowing in a
much narrower valley. About 1.5 km east of this bend,
Pease recorded a wide, thick mass of terrace deposit, ap-
parently an extension of that in the upper Guaynabo
Valley but forming a valley far too wide for the relative-
ly small Quebrada Arena and Rio Cafias that trend
southeast to the valley of the Rio Grande de Loiza
(Pease, 1968a).
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FIGURE 6.— Sketch map showing stream piracy in headwaters of Rio Gurabo, 7 km north of Humacao.
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North of the Caguas area, the Rio Grande de Loiza
flows generally northward in a sinuous valley, having its
course controlled at least in part by faulting (Pease,
1968a). At the town of Trujillo Alto, the river bends
sharply toward the east-northeast for about 5.6 km, still
controlled by faults (Seiders, 1971b), and flows mainly
over Cretaceous formations subject to rapid weathering
and erosion. The river then abruptly turns north toward
the town of Carolina and enters the coastal plain. Large
quantities of sand and gravel are extracted from the
alluvium in this area, which has formed a center of
deposition of much of the debris carried north from the
crystalline rocks of the San Lorenzo batholith and the
Caguas Valley.

During a considerable part of the Pleistocene Epoch,
the Rio Grande de Loiza flowed north to northwest from
Carolina to the Atlantic Ocean and formed a broad
deltalike deposit of alluvium. At times, however, the
deposition of alluvium was so great that the river was
deflected toward the east, and changed its course
several times (Monroe, 1977). Abandoned stream beds,
now long lakes, show that the river nearly returned to
its old course by several routes through a range of hills
of Miocene limestone, but each new route was blocked
by thick deposits of alluvium, until the deflection toward
the east caused the river to reach the eastern end of the
range of limestone hills near the town of Loiza
(Candévanas). At that point the river makes an abrupt
turn to the northwest against the end of the range of
limestone hills and then flows in an almost perfectly
straight course 6 km north northeast to the Atlantic
Ocean.

This abnormally straight course has been in existence
throughout historic time, for it is shown so on the first
reasonably accurate Spanish maps made in the 17th cen-
tury. This straight stretch is lined by low natural levees
that slope gently away from the river into coastal
swamps. The straight course resembles a dredged canal,
but there is no historical record of Europeans ex-
cavating such a canal, and it seems most unlikely that
the pre-Columbian inhabitants would have had the need
or desire or the energy available to make the excavation.
This straight reach of the river, of which 4 km has not
even a minor bend, may be unique in the world, for
Leopold and Wolman (1957 p. 53) stated, “Extremely
short segments or reaches of the channel may be
straight, but it can be stated as a generalization that
reaches which are straight for distances exceeding ten
times the channel width are rare.” In this part of the Rio
Grande de Loiza the channel is 70-90 m wide, and the
entirely straight reach is about 50 times the width.

The ancient mouths of the river are well marked by
the composition of the beach sands. East of the present
mouth of the river near Loiza Aldea, the beach and ac-
companying beach ridges are composed of calcite sand
derived largely from seashells crushed and polished by
wave action; on the other hand, west of the mouth as far
as Punta Vacia Talega the sand is predominantly quartz
and contains minor amounts of iron oxide and fer-
romagnesian minerals derived from the igneous rocks
mainly of the San Lorenzo batholith (Monroe, 1977). Be-
tween Punta Vacia Talega and Punta Maldonado, far-
ther west, the sand is composed almost entirely of
calcite, but still farther west as far as Punta Las Marias
the sand is predominantly quartz, deposited when the
mouth of the Rio Grande de Loiza was near Punta
Maldonado.

RIO BAYAMON

West of the Rio Grande de LozZa, the next large stream
is the Rio Bayamén, which flows north from Cidra to the
Atlantic Ocean. The river is fairly straight, but it has a
few deeply entrenched meanders, and many of its
tributaries enter from hanging valleys at places where
the erosion of the smaller streams could not keep pace
with that of the main stream. One of the larger
tributaries, entering the Rio Bayamén at grade, is the
Rio Guaynabo, which, as previously described, apparent-
ly has captured some of the headwaters of the Rio
Grande de Loiza.

The most interesting part of the Rio Bayamén is that
below (north of) the city of Bayamén, where at some
time in the past, the river has built a large delta
(Monroe, 1973b), in which the distributaries, now aban-
doned, remain as sloughs, such as Caho Aguas Frias.
The delta was probably built into a lagoon, which is now
filled in to form the large swamps north of Sabana Seca.
During floods the river still flows into these swamps,
although recently dredged drainage canals can carry all
flood waters except those of the very largest. The river
still has two mouths, one into Ensenada de Boca Vieja
and another farther east into Bahia de San Juan. At
most times the river follows the longer route into the
Bahia de San Juan.

RiO DE LA PLATA

Still farther west is the mouth of the Rio de La Plata,
which is the longest river in Puerto Rico. Its drainage
basin is 48 km long (Pic6, 1974), but the length of the
main channel, which follows many meanders, is about
102 km long (pl. 1). The river rises in southeastern Puer-
to Rico in the Sierra de Cayey; one of its principal
tributaries is only 4.6 km north of the Caribbean Sea.

The river has had a long, active history. The head-





































































LANDFORMS ILLUSTRATED ON SOME TOPOGRAPHIC MAPS OF PUERTO RICO

Central Aguirre. —Continued
Miscellaneous features:

Canals, drainage (B2)
Canal, aqueduct (northern edge of map)
Channel, dredged (B1)
Dam and reservoir (A3)
Harbor (B1)
Irrigation ditches (northern third of map)
Irrigation ponds (northern third of map)
Lighthouse (faro, range light) (B1)

Ciales.—18°15' N, 66°30" W.; 5 and 10 m; Berryhill (1965)
Escarpment features:
Cliffs (A1, A3)
Escarpment (A1, A2)
Karst (solution) features:
*Cone karst (cockpit karst) (A1, A2, hills 1-2 km east of
Ciales)
Disappearing streams (A1, A2)
Interior drainage (northern third of map)
Karst valleys (valleys lined with sinks) (A1, several in
southern part of barrio Hato Viejo)
Rampart, river (A1, A3)
Sinkholes (dolines) (A3)
*Zanjones (A2, Quebrada Torres and other subparallel
valleys)
Mountain and structural features:
Fault-line valley (C1, southwest corner)
Maturely dissected mountainous highland (south half ofmap)

Stream erosional and depositional features:

Flood plains (A1, B1, B2, B3)

Gorge (A3, B2, B3)

Gullied granitic lowland (B2, B3, south of Morovis)

Hanging valleys (C3)

Meander, abandoned (A1, west side of river 1,000 m
southwest of BM 98.4)

Meander, entrenched (A1, and many in southern two-thirds
of map)

Meander core (A1)

Meander scar (A1, B2)

Parallel drainage (A2)

Piracy?, stream (B2, Quebrada Grande de San Lorenzo)

Slip-off slope (B1)

Terraces, river (Al, B2)

Undercut slope (B1)

Miscellaneous features:
Fine-textured topography (granitic area) (B2)
*Landslide topography (A3, western and southern sides of

valley of Rio Unibén)

Landslide topography (A1, B1, northwest of Rio Cialitos and
east of Rio Grande de Manati, both near Ciales)

Comerio.—66°15" N., 18°07°30” W.; 10 m; Pease and Briggs (1960)
Mountain and structural features:
Asymmetric divide (C2, north end Quebrada Bocana)
Fault-line valley (B2, Rio Arroyata)
Stream erosional and depositional features:
Box canyons (A1)
Falls (A1)
Flood plain (A1, C1, C3)
Gorge, V-shaped (B1)
*Hanging valleys (A1)
*Meander, abandoned (C1, La Plata; A1, southwest of
Comerio)
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Comerio— Continued
Stream erosional and depositional features—Continued
*Meander core (C1, hill northeast of La Plata)
*Meanders, entrenched (entire course of Rio de la Plata)
Slip-off slopes (B1, C1, C2, C3)
Terraces, river (many in southern two-thirds of map)
Miscellaneous feature:
Dam and reservoir (B3)

Florida. —18°15' N., 66°37'30” W.; 10 m; Nelson and Monroe (1966)
Escarpment feature:
Escarpments (B1, B2, B3)
Karst (solution) features:
Disappearing stream (B2)
Hills in alluviated sinks (hums) (A1, A2)
Hill in center of sinkhole (B1, at west edge of map, 700 m
south of Rio Limén)
Interior drainage (northern third of map)
Karst valley, of coalesced sinks (A2, A3, Los Canos and
Quebrada del Pozo Azul)
Sink holes (dolines) (northern third of map; also C3, west of
Hacienda Flor de Alba)
Sinks, alluviated (A1, A2)
Sinks, compound (uvalas) (A3)
Mountain and structural features:
Dissected highland (southern half of map)
*Fault-line scarp (B1, B2, C2, C3)
*Fault-line valleys (B1, B2, C3)
*Qutliers, of karst upland (B1, hills near Hacienda Piedra
[ Gorda; also, west edge of map)
Structurally controlled drainage (B1, B2, C2, C3)
Stream erosional and depositional features:
Asymmetric valley (C3, near Hacienda Colom)
Flood plain (C3)
Gorge (C3)
Hanging valleys (B1, C1, C2)
Meanders, entrenched (southern third of map)
Slip-off and undercut slopes (C2)
Miscellaneous feature:
Contrasting topography (north half of map, karst; south
half, structurally complex volcanic rocks)

Gudnica. —17°52'30" N., 67°00° W.; 1 and 5 m
Coastal features:
Bar, bayhead (B2)
Bay (bahia, ensenada) (A2, A3)
Beach (B3)
*Delta (A3)
Keys (cayos) (A1, B1)
Swamp, mangrove (Al, B1, B2, B3)
Submarine features:
Coral reefs (B3)
*Reef (arrecife), barrier (B2)
Reef, fringing (B3)
Shelf, insular (middle third)
Slope, insular (southern third)
Escarpment features:
Cliffs (B3)
*Cuesta (A2-A3, B2-B3)
*Dip slope (see cuesta)
Escarpment (A1, A2)
Mountain feature:
Cuchilla (knife-edged ridge) (A2, Cerro de Abra)
Stream erosional and depositional features:
Asymmetric valley (B2, valley of Escuela Las Salinas)
Fan, alluvial (A3)
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Gudnica. — Continued
Miscellaneous features:
Quarry (cantera) (A3)
Salinas (salt-evaporating pans) (A1, B1, B2)

Humacao.—18°07'30" N., 65°52'30” W.; 1 and 10 m; M'Gonigle (1978)
Coastal features:

Beaches (playas) (C3)

*Beach ridges (B3, C3)

Coastal plain (playa plain) (B3, C2, C3)

Distributaries (C2, C3)

Diverted river mouth (C3)

*Headland (C3, El Morillo)

*Prograded shore (B3, C3)

Swamp, mangrove (south half drained) (B3)

Submarine feature:

Shelf, insular (C3)

Mountain and structural features:

Cuchilla (knife-edge ridge) (A1, A2, A3, B1)

Differential erosion (hornblendite in ridge south of Escuela
Regalado Rivera more resistant than adjacent granodiorite
farther west) (C1-C2)

Fault-line valley (probable) (B1, C1, Rio Humacao, west
northwest of Humacao)

Structurally controlled drainage (joints?) (C1)

Stream erosional and depositional features:

Fans, alluvial (A3, B1, B2, B3)

Flood plain (C1)

Flood plain having steep slope (A2, A3)

Gorge (B1, C1)

Gullies (B1, C1)

Hanging valley (B1-C1, Quebrada del Inglés)

Meanders (A3, B3)

Meanders, abandoned (C2)

Meanders, entrenched (C1)

Meander scar (C2, north of Miraflores)

*Piracy, stream, by headward erosion (A2, B2, Quebrada
Mambiche and Quebrada Pena Pobre; B1, C1, Rio
Humacao)

Terraces, river (C2)

Miscellaneous features:

Canals, drainage (B3)

Contrasting topography, (fine dissection in granitic area in
southewestern third of map; ridges of metavolcanic rock
in northeastern two thirds)

*Fine textured topography (C1)

Mine (mina) (B1, an abandoned iron mine)

Quarry (cantera) (C1)

Manati. —18°22’30” N., 66°30° W.; 1 and 5 m; Monroe (1971)
Coastal features:
*Bay, reverberation (beach shaped by advancing wave
front) (A1)
Beaches (A1-A2, A3)
Beach, cuspate (A1-A2)
Diverted river mouth (A3)
*Lagoon (laguna) (A1-A2, A3)
Lagoon, filled (now swamp) (A2-A3)
Sea cliffs (A1, A2)
Swale (behind eolianite ridge) (now filled with beach
sand) (A1)
Tombolo (A1, A3)
Submarine features:
Ridges, submerged (A3)
Shelf, insular (northern third of map)

Manati.— Continued
Escarpment features:
Cliff (C1, especially at top of slope on east side Rio Grande
de Manati)
Dip slope (C1, south of Iglesia Santos Apostoles)
Escarpment (C1)
Karst (solution) features:
*Blind valleys (C2, C3)
Cave (C3, Cueva Manahena)
*Disappearing streams (C2, C3)
Hills in alluviated sinks (B1, B2, B3)
*Interior drainage (southern two-thirds of map)
*Mogotes (haystack hills) (B1, B2, B3, especially near
Combate)
Rampart, river (C1, top of slope east of Rio Grande de
Manati)
Resurgence (C3, head of Quebrada Las Lajas)
Sink holes (abundant in southern third of map)
*Sinks, alluviated (C2, valley leading to El Salto and another
2 km farther east)
Sinks, compound (uvalas) (southern third of map)

Mountain features:
Outliers (C1, C2)
Parallel ridges (B1, B2, B3)
Stream erosional and depositional features:
Flood plains (B1-C1, B3)
Gorge (C3)
Levee, natural (C1)
Meanders (B1, B3, C1)
Terrace, river (C1)
Wind features:
*Deflation depressions (B2, in barrio Algarrobo)
Dunes (B2)
Eolianite ridge (A3, partly submerged)
Miscellaneous features:
Canals, drainage (A3)
Landslide topography (C1, east slope up from Rio Grande de
Manati)
Quarries (canteras) (B1, B2, B3)

Quebradillas. —18°22'30” N., 67°00’ W.; 5 and 10 m; Monroe (1967)

Coastal features:
Bar, river mouth (A1-A2)
Beach (A1)
Lagoon, filled (A1)
*Sea cliffs (A1, A2, A3)
Swamp, coastal-marsh type (A1)
*Terraces, marine (Al, A3)

Escarpment feature:
Escarpment (C1, C2)
Karst (solution) features:
Blind valleys (C2, C3)
Disappearing streams (C2, C3)
Interior drainage (southern half of map)
Mogotes (haystack hills) (B1, B2, B3)
*Rampart, ring, around doline (B1, 1 km south southwest of
Iglesia Virgen del Carmen)
*Rampart, river (Al, B1, wall at top of west bank of gorge
of Rio Guajataca)
*Sink holes (dolines) (many deeper than 70 m) (B1, B2, C1,
C2, C3)
Mountain and structural feature:
Strike ridges (A3, B3)
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Quebradillas. — Continued

Stream depositional and erosional features:
Flood plain (A1-A2)
*Gorge, V-shaped, in limestone (A1, B1, B2, C2)
Meanders, entrenched (A1, A2, B1)
Wind feature:
Dunes, coastal (A1)
Miscellaneous features:
Canal, aqueduct (A1, B1, B2, C2)
Contrasting topography (northern third, nonkarst; southern
third, karst)
Cultural contrast (no houses in west central part, in karst
area)
Dam and reservoir (C2)
Landslide topography (C2, at and below dam of Lago de
Guajataca)
Tunnels, aqueduct (A1, A2, B1, B2)

San Juan. —18°22'30” N., 66°07'30” W.; 1 and 5 m; Kaye (1959a);

Pense and Monroe (1977)
Coastal features:
*Bay (bahia) (A1-B2)
Beaches (B2, B3)
*Beach, cuspate (B2-B3)
Beachrock (A2, crosses west of Punta Piedrita)
Coastal plain (northern half of map)
Delta (B1, B2, of Rio Piedras; now drained by Rio Puerto
Nuevo)
Distributary (B1, Rio Puerto Nuevo; B2)
Lagoon (laguna) (B3)
Sea cliff (A1)
Swamp, mangrove (B1, B2, B3)
Tidal channel (B2, Cano de Martin Pena)
Submarine features:

*Canyon, submarine (A3)

*Reef (of submerged eolianite) (A2, A3)
Shelf, insular (northern third of map)
Slope, insular (northern third of map)

Escarpment feature:
Ecarpment (B3, south of highway 3)
Karst feature:
Mogotes (B1, peaks on Montes de Caneja)
Stream erosional and depositional features:
Flood plain (C2)
Meanders (C2)
Wind feature:
Eolianite ridge (A1, north end of San Juan Island)
Miscellaneous features:
*Channel, dredged (A1, B1)
*City wall (A1)
Dry dock (B1)
Filled land (A1, B1)
Forts, old Spanish (A1)
Harbor (A1-B1)
Lighthouse (faro) (A1)
Piers (A1, B1)
Quarry (cantera) (B1, C3)

Utuado. —18°15’ N., 66°45' W.; 1, 5, and 10 m (shaded relief); Nelson

(1967)
Escarpment feature:
Escarpment (B1, B2, B3)
Karst (solution) features:
Cone karst (Kegelkarst) (A2, barrio Carreras)
*Exhumed nonkarst hills in karst area (A1, A2, along Route
621)
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Utuado — Continued

Karst (solution) features —Continued

Hills in alluviated sinks (A3)

Interior drainage (northern half of map)

Karst valley (A1, Tanamd valley)

Mogotes (B1)

Rampart, river (A2, top of cliff west of river valley; B2, top

of cliff in barrio Rio Abajo)

Sink holes (dolines) (A1, A3)

Sinks, alluviated (A3)

Sinks, compound (A2, A3)

*Tunnels, natural (A1; four in valley of Rio Tanama)

Mountain and structural features:

* Asymmetric divide (between C2 and C3)

Outlier (B2; outlier of limestone on peak between two
branches of lake)
Structurally controlled drainage (B3)
Stream erosional and depositional features:
Falls (saltillo) (B2)
Flood plains (A2, C1, C2)
Gorge (A2)
Gullies, in granitic rocks (C2)
Hanging valley (B2, Saltillo Jobos)
Meanders (C1)
Meander scars (A2)
Piracy, imminent (C1, several places)
Terraces, river (C1)
Miscellaneous features:

*Contrasting topography: karst area (A3), hills of volcanic
rock (B3), gullied area underlain by granitic rock (C2),
and area underlain by clay (northern part of C1)

*Cultural contrast (few houses in northern half, many in
southern half)

Dams and reservoirs
Hydroelectric plant (A2, at dam; B3, at end of tunnel)
Landslide topography (A2, 1-2 km north northwest of Dos
Bocas)
*River development, for power
Tunnels, aqueduct (B3, C3)

Vega Alta.—18°22'30” N., 66°22'30” W; 1 and 10 m; Monroe (1963)

Coastal features:

Bar, bayhead (A2)

Bar, river-mouth (A3)

Beach, barrier (A2)

Beach, cuspate (A3)

Beach ridges (low) (A1, A2-A3)

Beaches (playas) (A1, A2, A3)

Cape or point (punta) (A2)

Distributary (B3, Rio Cocal)

Diverted river mouth (A3)

Islands (islas, isletas) (A1, A2, A3)

Lagoon (laguna) (A2)

Lagoon, filled (A1-B1-A2, Cienaga Prieta)

Sea cliff (A1-A2, A3, Punta Cerro Gordo and Alto Las

Ovejas)

Swamp, coastal-marsh type (A2, A3)
Submarine feature:

Canyons, submarine, heads of (A2, A3)
Escarpment features:

Dip slope (C2, C3, south slope of Rio Lajas)

Escarpment (C2, C3, north side of Rio Lajas)
Karst (solution) features:

Blind valleys (C1, C2)
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Vega Alta. —Continued

Karst (solution) features. — Continued

Disappearing stream (C2)

Interior drainage (B1, B2, C1, C2)

Karst topography, dissected (C1, C2)
Mogotes (haystack hills) (B1, B2)

Sink holes (dolines) (southern third of map)
Sinks, compound (uvalas) (C1)

Stream erosional and depositional features:

*Abandoned channels (of Rio de la Plata) (B3, ancient valley
at Higuillar and ancient channel via Rio Cocal -see adja-
cent Bayamon Quadrangle —on both sides of present
river channel)

Flood plains (B1, C3)

Vega Alta. — Continued

Stream erosional and depositional features. — Continued
*Levees, natural, (of Rio de La Plata) (B3, C3)
Meanders (B3, C3)
Meanders, abandoned (B3)
*Meander scar (B1)
Oxbow lake (B3)
Terraces, river (C3, San José)
*Wind gap (B3, ancient valley of Rio de La Plata at
Higuillar)
Wind features:
Deflation depressions (small) (B2, just south of marsh)
Eolianite ridges (A1, A3, on coast)
Miscellaneous features:
Canals, drainage (A1, B1)
Landslide topography (C1, north of Capilla Fatima on both

Gorge (C1) sides of Rio Cibuco)
CHECKLIST OF LANDFORMS
Abbreviations of quadrangle names:
Ba, Barceloneta Ci, Ciales Ma, Manati
Br, Barranquitas Co, Comerio Qu, Quebradillas
By, Bayamon Fl, Florida SJ, San Juan
Ca, Cabo Rojo Gu, Gudnica Ut, Utuado
Ce, Central Aguirre Hu, Humacao Ve, Vega Alta
Landforms Quadrangles Landforms Quadrangles
Coastal features: Coastal features—Continued
Bar, bayhead _______________ *Ca, Gu, Ve Tombolo, incipient ___________ *Ca
Bar, river-mouth ____________ *By, Qu, Ve
Bay By, Ca, Ce, Gu, *SJ Submarine features:
Bay, reverberation __________ Ca, *Ma Canyon, submarine __________ *SJ, Ve
Beach (playa) . ____________ Ba, By, Ca, Ce, Gu, Hu, Ma, Coral reef Ca?, *Ce, Gu
. . Qu, 8J, Ve Drowned valleys ____________ Ca
Beach, barrier _____________ Ca, Ce, Ve Reef (arrecife) ______________ Ba, By, Ca, Gu, *SJ
BeaCh, cuspate ______________ Ba, Ca, Ma, *SJ, Ve Reef, barrier Ce. *Gu
Beach ridges _______________ By, Ce, *Hu, Ve Reef, fring'ing _______________ *Ce, Gu
* y LHABS ——————— 1
Beachrock Ba, 8J Ridge, submerged ___________ *Ba, Ma, SJ
Capeorpoint _______________ Ba, Ca, Ce, Ve Sand Bars Ce
. - N
Coastal plain (playa plaln) .. 1Ce, fu, 87 Shelf, insular _______________ Ba, By, Ca, Ce, Gu, Hu, Ma,SJ
Distributary, _______________ Ba, *By, Hu, SJ, Ve Slope, insular _______________ Ca, Gu, 8J
Distributary, abandoned ______ Ba, *By, Hu
Diverted river mouth ________ Ba, *By, Hu, Ma, Ve Escarpment features: ]
Headland *Hu Cliff Ba, By, Ci, Gu, Ma, Ut
Islands Ve Cuesta By, *Gu
Key (cayo) *Ce, Gu Dip slope By, Ca, *Gu, Ma, Ve
Lagoon Ca, Ce, *Ma, SJ, Ve Escarpment ________________ Ba, Ci, Fl, Gu, Ma, Qu, SJ, Ut,
Lagoon, filled _____ ________ Ba, Ma, Qu, Ve Ve
Prograded shore ____________ By, Ce, *Hu
Sand bar Ce Karst (solution) features:
Sea cliff By, Ca, Ce, Ma, *Qu, SJ, Ve Blind valley ________________ Ba, *Ma, Qu, Ve
Seg st:ack *Ca Cave (cueva) _______________ Ma
Spit, river-mouth ____________ *Ba Cone karst *Ci. Ut
Swale (behind eolianite ridge) ._ Ma « Disappearing stream _________ Ba, Ci, Fl, *Ma, Qu, Ve
Swamp, mangrove or coastal- Ba, By, Ca, *Ce, Gu, Hu, Ma, Exhumed nonkarst hill in karst
marsh type. Qu, Sj, Ve area Ut
Terrace, marine _____________ * o X ;
Tidalislands *82 H}ll .ln alluviated .Slnk ________ Fl, Ma, Ut
Tidal channel _______________ SJ Hill in center of sinkhole ______ Fl o
Tombolo Ba, *By, *Ca, Ma Interior drainage ____________ Ba, By, Ci, Fl, *Ma, Qu, Ut,Ve
Karstvalley ________________ Ba, Ci, F1, Ut

*The landform is especially well displayed on topographic map indicated.

Karst topography, dissected ___ Ve
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Landforms Quadrangles
Karst (solution) features — Continued
Mogote (haystack hill) ________ Ba, By, *Ma, Qu, SJ, Ut, Ve
Perched stream _____________ Ba
Rampart, river _____________ Ci, Ma, *Qu, Ut
Rampart, ring ______________ *Qu
Resurgence ________________ Ba, Ma
Sink hole (doline) ____________ Ba, Ci, Fl, Ma, *Qu, Ut, Ve
Sink, alluviated _____________ Fl, *Ma, Ut
Sink, compound (uvala) _______ *Ba, Fl, Ma, Ut, Ve
Tunnel, natural _____________ Ma, *Ut
Zanjones *Ci
Mountain and structural features:
Asymmetric divide __________ Br, Co, *Ut
Cuchilla (knife edge ridge) ____ Gu, Hu
Differential erosion __________ Hu
Dissected highland __________ *Br, Ci, FI
Fault-line scarp _____________ Br, *F1
Fault-linevalley _____________ Ci, Co, *F], Hu
Graben valley ______________ *Br
Monadnock ________________ *Br
Outlier *Fl, Ma, Ut
Parellel ridges ______________ Ba, Ma
Strike ridges _______________ By, Ca, Qu, 8J
Structurally controlled *Br, Fl, Hy, Ut
drainage.
Stream erosional and depositional
features:
Abandoned channel __________ *Ve
Arroyos *Ce
Asymmetric valley __________ Fl, Gu
Box canyons _______________ Br, Co
Dendritic drainage __________ By
Falls Co, Ut
Fan,alluvial ________________ Ca, *Ce, Gu, Hu
Flood plain *Ba, Br, By, Ce, Ci, Co, F], Hu,
Ma, Qu, SJ, Ut, Ve
Gorge Br, Ci, Co, Fl, Hu, Ma, *Qu,
Ut, Ve
Gullies Br, Ce, Ci, Hy, Ut
Hanging valley _____________ Br, Ci, *Co, F, Hu, Ut
Levee, natural ______________ Ba, By, Ma, *Ve
Meanders *Ba, Br, By, Hu, Ma, SJ, Ut, Ve
Meander, abandoned _________ By, Ci, *Co, Hu, Ve
Meander, entrenched ________ Br, Ci, *Co, F], Hu, Qu
Meandercore _______________ By, Ci, *Co
Meanderscar _______________ Ba, Ci, Hu, Ut, *Ve
Oxbow lake ________________ Ba, By, Ve
Parallel drainage ____________ Ci
Piracy, stream ______________ By, Ci, *Hu
Piracy, imminent ____________ Ut
Slip-off slope _______________ Ci, Co, F1
Terrace, rviver ______________ By, Ci, Co, Hu, Ma, Ut, Ve
Undercut slope _____________ Ci, Fl
Wind gap *Ve
Y outhful stage of erosion _____ Br
Wind features:
Deflation depression _________ Ba, *Ma, Ve
Dunes Ba, By, Ma, Qu
Eolianite ridges and hills ______ Ba, By, Ma, 83, Ve

Landforms Quadrangles
Miscellaneous features:
Canal, aqueduct _____________ Ce, Qu
Canals, drainage ____________ Ba, By, Ce, Hu, Ma, Ve
Causeway By
Channel, dredged ___________ Ce, *SJ
City wall *SJ
Contrasting topography ______ Fl, Hu, Qu, *Ut
Cultural contrast ____________ Qu, *Ut
Dam Br, By, Ce, Co, Qu, Ut
Drydock SJ
Filled land By, SJ
Fine-textured topography ____ Ci, *Hu
Forts, old Spanish ___________ SJ
Harbor Ce, SJ
Hydroelectricplant __________ Ut
Insular divide _______________ Br
Irrigation ditch _____________ Ce
Irrigation ponds ____________ Ce
Landslide topography ________ *Ci, Ma, Qu, Ut, Ve
Lighthouse (faro, range lights) _ By, Ca, Ce, SJ
Mine (mina) ________________ Hu
Piers SJ
Quarry (cantera) ____________ Br, By, Gu, Hu, Ma, SJ
Reservoir Br, Ce, Co, Qu, Ut
River development __________ *Ut
Salina (salt-evaporating pan) __*Ca, Gu
Tunnels, aqueduct ___________ Qu, Ut

REFERENCES CITED

Beck, B. F., 1974, Geology and hydrology of the El Convento cave-
spring system, southwestern Puerto Rico: International Journal
of Speleology, v. 6, no. 2, p. 93-107.

Beinroth, F. H., 1969, An outline of the geology of Puerto Rico: Puerto
Rico University Agricultural Experiment Station Bulletin 213, 31
p-

Berkey, C. P., 1915, Geological Reconnaissance of Porto Rico: New
York Academy of Sciences Annals, v. 26, p. 1-70.

Berryhill, H. L., Jr., 1960, Geology of the Central Aguirre Quadrangle,
Puerto Rico: U.S. Geological Survey Miscellaneous Geologic In-
vestigations Map 1-318, scale 1:20,000.

1965, Geology of the Ciales Quadrangle, Puerto Rico: U.S.
Geological Survey Bulletin 1184, 116 p., map.

Berryhill, H. L., Jr., Briggs, R. P., and Glover, Lynn, 3d, 1960,
Stratigraphy, sedimentation, and structure of Late Cretaceous
rocks in eastern Puerto Rico—preliminary report: American
Association of Petroleum Geologists Bulletin, v. 44, no. 2, p.
137-155.

Blume, Helmut, 1968, Zur Problematik des Schichtstufenreliefs auf
den Antillen: Geolische Rundschau, v. 58, no. 1, p. 82-97.

1970, Besonderheiten des Schichtstufenreliefs auf Puerto Rico:
Kiel, Deutsche geographische Forschung in der Welt von Heute,
Festschrift far Erwin Gentz, p. 167-179.

Briggs, R. P., 1965, Geologic map of the Barceloneta Quadrangle,
Puerto Rico: U.S. Geological Survey Miscellaneous Geologic In-
vestigations Map 1-421, scale 1:20,000.

1968, Geologic map of the Arecibo Quadrangle, Puerto Rico:

U.S. Geological Survey Miscellaneous Geologic- Investigations

Map I-551, scale 1:20,000.




38

1971, Geologic map of the Orocovis Quadrangle, Puerto Rico:
U.S. Geological Survey Miscellaneous Geologic Investigations
Map I-615, scale 1:20,000.

Briggs, R. P. and Akers, J. P., 1965, Hydrogeologic map of Puerto
Rico and adjacent islands: U.S. Geological Survey Hydrologic In-
vestigations Atlas, Map HA-197, scale 1:240,000.

Briggs, R. P., and Gelabert, P. A., 1962, Preliminary report of the
geology of the Barranquitas Quadrangle, Puerto Rico: U.S.
Geological Survey Miscellaneous Geologic Investigations Map
[-336, scale 1:20,000, 2 sheets.

Briggs, R. P., and Seiders, V. M., 1972, Geologic map of the Isla de
Mona Quadrangle, Puerto Rico: U.S. Geological Survey
Miscellaneous Geologic Investigations Map [-718, scale 1:20,000.

Britton, N. L., 1919, History of the survey: New York Academy of
Sciences, Scientific Survey of Porto Rico and the Virgin Islands, v.
1, pt. 1, p. 1-10.

Broedel, C. H., 1961, Preliminary geologic map showing iron and cop-
per prospects in the Juncos Quadrangle, Puerto Rico: U.S.
Geological Survey Miscellaneous Geologic Investigations Map
1-326, scale 1:20,000.

Calvesbert, R. J., 1970, Climate of Puerto Rico and U.S. Virgin
Islands: U.S. Environmental Science Services Administration,
Climatography of the United States 60-52.

Cox, D. P, and Briggs, R. P., 1973, Metallogenic map of Puerto Rico:
U.S. Geological Survey Miscellaneous Geologic Investigations
Map I-721, scale 1:240,000.

Gerstenhauer, Armin, 1964, Nord-Puerto Rico: Erdkunde, v. 18, no. 2,
3 supplemental sheets including maps, scale 1:20,000.

Glover, Lynn III, 1971, Geology of the Coamo area, Puerto Rico, and
its relation to the volcanic arc-trench association: U.S. Geological
Survey Professional Paper 636, 102 p.

Gordon, W. A., 1961, Miocene Foraminifera from the Lajas Valley,
southwest Puerto Rico: Journal of Paleontology, v. 385, no. 3, p.
610-619.

Grossman, I. G., 1963, Geology of the Guéanica-Guayanilla Bay area,
southwestern Puerto Rico: U.S. Geological Survey Professional
Paper 475-B, p. B114-B116.

Guillou, R. B, and Glass, J. J., 1957, A reconnaissance study of the
beach sands of Puerto Rico: U.S. Geological Survey Bulletin
1042-1, p. 273-305.

Gurnee, R. H., 1972, Exploration of the Tanama: Explorers Journal, v.
51, no. 3, p. 159-171.

Hill, R. T., 1899a, Cuba and Porto Rico, with other islands of the West
Indies; their topography, climate, flora, products, industries,
cities, people, political conditions * * * (2d ed.): New York, Cen-
tury Publishing Co., 447 p.

1899b, Porto Rico: National Geographic Magazine, v. 10, no. 3,

p. 93-108.

1899¢, Notes on the forest conditions of Porto Rico: U.S.

Department of Agriculture Division of Forestry Bulletin 25, 48 p.

1899d, Mineral resources of Porto Rico: U.S. Geological Survey
20th Annual Report, pt. 6, p. 771-778.

Hubbard, Bela, 1923, The geology of the Lares District, Porto Rico;
New York Academy of Sciences, Scientific Survey of Porto Rico
and the Virgin Islands, v. 2, pt. 1, p. 1-115, map.

Kaye, C. A., 1957, Notes on the structural geology of Puerto Rico:
Geological Society of America Bulletin, v. 68, no. 1, p. 103-118.

1959a, Geology of the San Juan metropolitan area, Puerto Rico:

U.S. Geological Survey Professional Paper 317-A, p. 1-48,

1959b, Shoreline features and Quaternary shoreline changes,

Puerto Rico: U.S. Geological Survey Professional Paper 317-B, p.

49-140.

1959¢, Geology of Isla Mona, Puerto Rico, and notes on age of

Mona Passage: U.S. Geological Survey Professional Paper 317-C,

p. 141-178.

SOME TROPICAL LANDFORMS OF PUERTO RICO

Krushensky, R. D., and Monroe, W. H., 1978, Geologic map of the
Pefuelas and Punta Cuchara Quadrangles, Puerto Rico: U.S.
Geological Survey Miscellaneous Geologic Investigations Map
1-1042, scale 1:20,000.

1979, Geologic map of the Yauco and Punta Verraco
Quadrangles, Puerto Rico: U.S. Geological Survey Miscellaneous
Geologic Investigation Map 1-1147.

Lehmann, Herbert, 1954, Der tropische Kegelkarst auf den Grossen
Antillen, pt. 3 of Das Karstphinomen in denVerschiedenen
Klimazonen: Erdkunde, v. 8, no. 2, p. 130-139.

Leopold, L. B., and Wolman, M. G., 1957, River channel patterns:
braided, meandering, and straight: U.S. Geological Survey Profes-
sional Paper 282-B, p. 53.

Lobeck, A. K., 1922, The physiography of Porto Rico: New York
Academy of Sciences, Scientific survey of Porto Rico and the
Virgin Islands, v. 1, pt. 4, p. 301-379.

Mattson, P. H., 1960, Geology of the Mayagiiez area, Puerto Rico:
Geological Society of America Bulletin, v. 71, no. 3, p. 319-361.

Meyerhoff, H. A., 1927, Tertiary physiographic development of Porto
Rico and the Virgin Islands: Geological Society of America
Bulletin, v. 38, no. 4, p. 557-575.

1933, Geology of Puerto Rico: Puerto Rico University,
Monograph Ser. B, no. 1, 306 p.

1938, The texture of the karst topography in Cuba and Puerto
Rico: Journal of Geomorphology, v. 1, no. 4, p. 279-295.

M'Gonigle, J. W., 1978, Geologic map of the Humacao Quadrangle,
Puerto Rico, U.S. Geological Survey Miscellaneous Geologic In-
vestigations Map 1-1070, scale 1:20,000.

Miotke, F. D., 1973, The subsidence of the surface between mogotes in
Puerto Rico, east of Arecibo (translated from German by W. H.
Monroe): Caves and Karst, v. 15, no. 1, p. 1-12.

Monroe, W. H., 1963, Geology of the Vega Alta Quadrangle, Puerto
Rico: U.S. Geological Survey Geologic Quadrangle Map GQ-191,
scale 1:20,000.

1964a, Large retrogressive landslides in north-central Puerto

Rico: U.S. Geological Survey Professional Paper 501-B, p.

B123-B125.

1964b, The zanjon, a solution feature of karst topography in

Puerto Rico: U.S. Geological Survey Professional Paper 501-B, p.

B126-B129.

1966a, Stratigraphic relations and sedimentation of the

Oligocene and Miocene formations of northern Puerto Rico, in

Caribbean Geological Conference, 3d, Kingston, Jamaica, April

1962, Transactions: Jamaica Geological Survey Publication 95, p.

54-59.

1966b, Dominio litolégico en la formacién de algunas formas de

relieve en Puerto Rico, in Unién Geografica Internacional Con-

ferencia Regional Latinoamericana, México, 1965, Proc.: v. 2, p.

286-291.

1967, Geologic map of the Quebradillas Quadrangle, Puerto

Rico: U.S. Geological Survey Miscellaneous Geologic Investiga-

tions Map 1-498, scale 1:20,000.

1968, High-level Quaternary beach deposits in northwestern

Puerto Rico: U.S. Geological Survey Professional Paper 600-C, p.

C140-C143.

1969, Evidence of subterranean sheet solution under

weathered detrital cover in Puerto Rico, in Problems of the karst

denudation —International Speleological Congress, bth, Stuttgart,

1969, Supplement: Ceskoslovenska Akademie Ved, Geo-

graficky Ustav Brno, Studia geographica 5, p. 111-121.

1971, Geologic map of the Manati Quadrangle, Puerto Rico:

U.S. Geological Survey Miscellaneous Geologic Investigations

Map [-671, scale 1:20,000.




REFERENCES CITED 39

Monroe, W. H., 1973a, Stratigraphy and petroleum possibilities of | Pic6, Rafael, 1950, The geographic regions of Puerto Rico: Rio

middle Tertiary rocks in Puerto Rico: American Association of

Petroleum Geologists Bulletin, v. 57, no. 6, p. 1086-1099.

1973b, Geologic map of the Bayamén Quadrangle, Puerto Rico:

U.S. Geological Survey Miscellaneous Geologic Investigations

Map I-751, scale 1:20,000.

1974, Dendritic dry valleys in the cone karst of Puerto Rico:

U.S. Geological Survey Journal of Research, v. 2, no. 2, p.

159-163.

1976, The karst land forms of Puerto Rico: U.S. Geological

Survey Professional Paper 899, 69 p.

1977, Geologic map of the Carolina Quadrangle, Puerto Rico:
U.S. Geological Survey Miscellaneous Geologic Investigations
Map 1-1054, scale 1:20,000.

Moussa, M. T., 1969, Quebrada de los Cedros, southwestern Puerto
Rico, and its bearing on some aspects of karst development: Jour-
nal of Geology, v. 77, no. 6, p. 714-720.

Nelson, A. E., 1967, Geologic map of the Utuado Quadrangle, Puerto
Rico: U.8. Geological Survey Miscellaneous Geologic Investiga-
tions Map I-480, scale 1:20,000.

Nelson, A. E., and Monroe, W. H., 1966, Geology of the Florida
Quadrangle, Puerto Rico: U.S. Geological Survey Bulletin
1221-C, 22 p.

Pease, M. H., Jr., 1968a, Geologic map of the Aguas Buenas
Quadrangle, Puerto Rico: U.S. Geological Survey Miscellaneous
Geologic Investigations Map 1-479, scale 1:20,000.

1968b, Geologic map of the Naranjito Quadrangle, Puerto Rico:
U.S. Geological Survey Miscellaneous Geologic Investigations
Map I-508, scale 1:20,000.

Pease, M. H., Jr., and Briggs, R. P., 1960, Geology of the Comerio
Quadrangle, Puerto Rico: U.S. Geological Survey Miscellaneous
Geologic Investigations Map 1-320, scale 1:20,000.

Pease, M. H., Jr., and Monroe, W. H., 1977, Geologic map of the San
Juan Quadrangle, Puerto Rico: U.S. Geological Survey
Miscellaneous Geologic Investigations Map I-1010, Scale
1:20,000.

Piedras, P.R., University of Puerto Rico Press, 256 p.

1974, The geography of Puerto Rico: Chicago, Aldine
Publishing Co., 439 p.

Pic6, Rafael, Buitrago de Santiago, Zayda, and Berrios, H. H., 1969,
Nueva geografia de Puerto Rico, fisica, econémica y social: Rio
Piedras, P.R., University of Puerto Rico, Editorial Universitaria,
460 p.

Pic6, Rafael, Chaves Figuerado, A. F., and Buitrago de Santiago,
Zayda, 1954, Geografia fisica, pt. 1 of Geografia de Puerto Rico:
Rio Piedras, P.R., Editorial Universitaria, p. 14-92.

Renz, 0., and Verspyck, G. W., 1962, The occurrence of gneissic am-
phibolite in southwest Puerto Rico: Geologie en Mijnbouw, v. 41,
p. 315-320.

Rogers, C. L., 1977, Geologic map of the Punta Guayanés Quadrangle,
southeastern Puerto Rico: U.S. Geological Survey Miscellaneous
Geologic Investigations Map [-998, scale 1:20,000.

Rogers, C. L., Cram, C. M., Pease, M. H., and Tischler, M. S., 1979,
Geologic map of the Yabucoa and Punta Tuna Quadrangles, Puer-
to Rico: U.S. Geological Survey Miscellaneous Geologic Investiga-
tions Map 1-1086, scale 1:20,000.

Seiders, V. M., 1971a, Cretaceous and Lower Tertiary stratigraphy of
the Gurabo and El Yunque Quadrangles, Puerto Rico, U.S.
Geological Survey Bulletin 1294-F, 58 p.

1971b, Geologic map of the Gurabo Quadrangle, Puerto Rico:
U.S. Geological Survey Miscellaneous Geologic Investigations
Map 1-657, scale 1:20,000.

Seiders, V. M., Briggs, R. P., and Glover, Lynn III, 1972, Geology of
Isla Desecheo, Puerto Rico, with notes on the great southern
Puerto Rico fault zone and Quaternary stillstands of the sea: U.S.
Geological Survey Professional Paper 739, 22 p.

Sweeting, M. M., 1958, The karstlands of Jamaica: Geographical Jour-
nal, v. 124, pt. 2, p. 184-199.

1972, Karst landforms: London, Macmillan Press, 352 p.

Thorp, James, 1934, The asymmetry of the “Pepino Hills” of Puerto
Rico in relation to the trade winds: Journal of Geology, v. 42, no. 5,
p. 537-545.

% U.S. GOVERNMENT PRINTING OFFICE: 1980 O— 311-344/76



