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INTRODUCTION

The geologic map of the Central Aguirre quadrangle has been
prepared as part of a project to make a detailed and systematic
geologic survey of part of Puerto Rico. The purpose of this study
is to appraise the mineral resources of Puerto Rico and to prepare
detailed general purpose geologic maps that ecan be used as aids
in engineering planning. This program has been undertaken by
the U. S. Geological Survey in cooperation with the Economic
Development Administration of the Commonwealth of Puerto
Rico.

Field investigations began in March 1956 and were completed
in September 1956. The field work in this quadrangle was done in
conjunction with the field work in the adjacent Cayey quadrangle.
Aerial photographs at a scale of approximately 1:15,000 were used
in the field as a base for locating and plotting geologic features.
In the laboratory the data were transferred from the aerial photo-
graphs to a topographic base map having a scale of 1:20,000.

The writer was assisted during the field investigations by Lynn
Glover and Martin S. Tischler. The thin sections used in deserib-
ing the rocks in the laboratory were examined by Carl H. Broedel
and Martin S. Tischler. Thanks are extended to them and also to
other individuals and to land owners whose cooperation was a great
help during the field investigations.

GEOGRAPHY

The Central Aguirre quadrangle is located on the southern coast
of Puerto Rico. Aguirre, the largest village in the quadrangle,
called Central Aguirre on the topographic map, is 89 kilometers by
highway south-southeast of San Juan and 42 kilometers by high-
way east of Ponce.

Highway 3 crosses the quadrangle from east to west, and paved
roads extend from this highway south to Aguirre, Puerto Jobos,
and Las Mareas. Light-duty roads and jeep trails extend from
the paved roads to all parts of the quadrangle except to parts of
Barrio Pozo Hondo near the northeastern corner. The swampy
islands near the mouth of Bahia de Jobos are accessible only by
boat. The narrow gauge Ponce & Guayama Railroad is used to
haul sugar cane from the fields to the processing factories, known
as centrals.

The population of the quadrangle is approximately 8,500, concen-
trated mainly in the villages of Aguirre, Coqui, San Felipe, Jobos,
Puerto Jobos, and Las Mareas. The density of population is
approximately 300 persons per square mile. For the island as a
whole the density of population is 646 persons per square mile.

The climate of this part of the island is semiarid because it is
on the lee side of the Cordillera Central from the northeast trade
winds. Although the average annual rainfall is about 42 inches,
concentrated mainly in the period from May 1 to November 1,
the high evaporation and transpiration by plants, combined with
high temperatures, low relative humidity, and constant winds
cause semiarid conditions. Agriculture, therefore, is dependent
on irrigation. Two main irrigation canals carry water westward
across the quadrangle. The southern canal, the larger of the two,
brings water from Lago Patillas, about 11 kilometers east-north-
east of the northeast corner of the quadrangle. Water is impounded
in Lago Melania in the northeastern quarter of the quadrangle and
is fed into the Patillas canal as needed. Additional water for
irrigation and for domestic use is supplied by deep wells within
the quadrangle.

The average annual temperature is 79.1° F. The hottest month
is August, which averages 82° F, and the coolest month is February,
which averages 74.6° F.

Almost all the arable land is used for raising sugar cane. Two
sugar centrals are located in the quadrangle. Central Aguirre,
controlled by the Aguirre Sugar Corporation (Luce & Co.), is one
of the largest sugar processing factories in Puerto Rico. Much
of the sugar produced there is loaded on cargo vessels that enter
the harbor at Central Aguirre through the Boca del Infierno. The
other sugar-processing factory is Central Guamani, which is several
kilometers east of Central Aguirre.

The hilly northern part of the quadrangle is covered by a mixture
of tall grass, thorny bushes, timber, and cactus and is devoted
entirely to cattle raising and dairying. The cattle feed mainly on
the tall, lush grass that thrives during the rainy season. The
thorny bushes and cactus, which also grow on the hills in the
northern part of the quadrangle, are kept cut so that as much
grass as possible can grow. Coconut palms cover the sandy part
of the spit south of Bahia de Jobos from Las Mareas to Punta Rodeo.

Approximately half of the Central Aguirre quadrangle is covered
by the Caribbean Sea and by bays and lagoons bordering the sea.
A long spit, which extends westward from Las Mareas to the Boca
del Infierno, contains several beach ridges a few meters high that
in general parallel the present coast line. Several small swampy
mangrove-covered islands, the Cayos Caribes, extend southwest-
ward from Punta Pozuelo at the southwestern end of the spit.
Similar islets, the Cayos de Barca, extend westward from Boca
del Infierno to the western edge of the quadrangle. Coral reefs
fringe the seaward side of the Cayos de Barca and the Cayos
Caribes, and also the seaward side of the spit west of Las Mareas.

North of the large spit are two shallow bodies of water known
as Bahia de Jobos and Laguna de Las Mareas. These are bordered
by mangrove swamps, except at the village of Aguirre where the
sea has cut small sea cliffs. East of Las Mareas the sea is actively
cutting into the mainland and a low sea cliff has been cut at
several places.

North of the coast the land surface rises regularly across a narrow
coastal plain to an average altitude of 30 to 70 meters, where the
coastal plain ends at the edges of hills that rise abruptly to alti-
tudes of as much as 300 meters. This coastal plain consists of
coalescing alluvial fans. The largest of the fans are those at the
mouths of the Rio Guamani and the Rio Seco, but all the smaller
streams have similar but smaller fans at their mouths.

One marine terrace covered by a thin veneer of pebbles and
cobbles was observed in the quadrangle at an altitude of 50 meters;
however, a number of hills have altitudes of 70-90 meters. The
altitudes of these hills correspond roughly to the altitudes of ter-
races that lie along the Rio Lapa and the Rio Majada in the
vicinity of Rabo del Buey in the adjacent Cayey quadrangle. The
tops of these hills may represent planation during a higher stand
of sea level.

The hills along the northern border of the quadrangle are part
of a narrow piedmont belt that lies between the coastal plain and
the Cordillera Central and Sierra de Cayey, which reach altitudes
of nearly 900 meters in the adjacent Cayey quadrangle. The high-
est altitude in the Central Aguirre quadrangle is 320 meters above
sea level.

Short, intermittent, consequent streams that flow directly into
the Caribbean Sea drain the coastal plain of the Central Aguirre
quadrangle. The part of the quadrangle that lies to the north of
the coastal plain is drained principally by the Rio Guamani, the
Rio Seco, the Quebrada Cimarrén and several unnamed streams
whose headwaters lie in the adjacent Patillas and Cayey quad-
rangle. The flow along these streams is also intermittent. During
the dry season, the small amount of water carried by the streams
from the areas to the north quickly seeps into the unconsolidated
sand and gravel of the fan deposits. From May 1 to November 1,
however, when rainfall is heavier, the flow is usually continuous.
After torrential rains in the mountains, these streams flood parts
of the coastal plain.

GENERAL GEOLOGY AND STRATIGRAPHY

The rocks exposed in the Central Aguirre quadrangle are of five
general types: (1) voleanic rocks ineluding lava flows and voleanic
breccia; (2) sandtone and siltstone derived primarily from voleanic
rocks; (3) limestone, some of which is in part interbedded with the
sandstone and siltstone; (4) igneous dikes; and (5) surficial
deposits.

The voleanic rocks are exposed on the hills along the northern
border of the quadrangle, and they also crop out on the isolated hills
that stick up through the surficial deposits. Lenticular siltstone
and sandstone lenses are interbedded with volecanic rocks in the
northeastern part of the quadrangle, and interbedded siltstone,
sandstone and limestone form the hills at Aguirre and also the
one near Coqui. The oldest rocks crop out along the northeastern
edge of the quadrangle, and progressively younger rocks are
exposed southwestward. The voleanic rocks, sandstones and silt-
stones are products of part of a prolonged period of voleanism that
characterized the early geologic history of Puerto Rico. The lime-
stones are in part reef-type deposits,which accumulated periodically
around the source areas. The lithologic variations in these rocks
are in general a result of variations in the nature and intensity
of the voleanic activity from time to time and also a result of
periodic shifts in the geographic positions of the centers of voleanic
activity.

Subdivision of the volcanic rocks into formations is based partly
on data collected in this quadrangle and partly on data from the
adjacent Cayey and Coamo quadrangles where outcrops of some of
these rocks are more extensive. Seven formations have been
recognized and five have been traced into the Central Aguirre
quadrangle. The younger well bedded sequence of rocks in the
Cayey quadrangle was subdivided into two formations that have
been named the Cariblanco and Robles formations. The older
massive volcanic rocks in the Cayey quadrangle were subdivided
into four formations that have been designated by the letters A
to D, with formation A representing the oldest. Letters were
used rather than names for the massive volcanic rocks because the
validity of these formations as mappable units has not yet been
determined on a regional basis.

The Robles formation and formations A, B, and C have been
mapped in the Central Aguirre quadrangle, but formation D and
the Cariblanco formation, which overlies the Robles formation in
the Cayey quadrangle, do not erop out. The Robles formation
includes five members in the Cayey quadrangle but is represented
in the Central Aguirre quadrangle solely by the Lapa lava member.

The Coamo formation crops out in this quadrangle only on the
hill near Coqui, but it covers a large area in the Coamo quadrangle
to the northwest. The age of the Coamo formation is believed to
be Late Cretaceous on the basis of megafossils. The rocks strati-
graphically below the Coamo formation in the Central Aguirre
quadrangle are probably also Cretaceous in age, although no evi-
dence was found for dating them precisely.

The rocks on the hills at and near Central Aguirre contain no
megafossils and studies of the microfossils have not been com-
pleted. The exact age of these rocks has not been determined,
therefore they have been designated on the map by the symbol TK.
These rocks are possibly of Late Cretaceous age, but some of
them may have been deposited during the early Tertiary period
in either the Paleocene or Eocene epoch.

A small deposit of limestone cobbles containing large coral heads
of Oligocene age caps one of the hills west of Central Aguirre.
This deposit has been tentatively correlated with the Juana Diaz
formation,which crops out extensively about 20 kilometers west of
Central Aguirre.

Limestone containing coral of Oligocene age was found at one
locality just west of the village of Aguirre, where it rests on the
Late Cretaceous or early Tertiary rocks.

The surficial deposits that underlie the entire coastal plain are
believed to be of Quaternary age and are probably in part late
Pleistocene and in part Recent.

STRATIFIED ROCKS
CRETACEOUS SYSTEM

Formation A (Ka).—Rocks comprising the upper part of this
formation crop out in the hills in the northeastern part of the
quadrangle from the east edge westward almost to the Rio Seco
and from the north edge southward to the coastal plain where
formation A is covered by alluvial-fan deposits. Rocks of similar
lithology and structure crop out in the adjacent Guayama and
Cayey quadrangles. The part of formation A exposed in the
Central Aguirre quadrangle is approximately 1,675 meters thick.

Formation A is made up primarily of voleanie breceia, but it also
contains layers of sandstone and siltstone. Thin flows are inter-
stratified with the clastic member, especially in the upper 600
meters of the formation, but they are generally lenticular, and
no attempt was made to map them in this quadrangle.

The diagnostic features of formation A in the Central Aguirre
quadrangle are the eyclic repetition of its clastic members and the
uniform gradation upward from coarse to fine particle size within
each cycle of deposition. The cycle at the base is made up of
volcanie breccia, which grades upward into volcanic sandstone,
which in turn grades upward into volcanic siltstone. The overall
thickness of the cycles is variable, but in general it averages about
20 meters in the Central Aguirre quadrangle. The thickness of
the cycles in the lower part of the formation, which crops out in
the Guayama quadrangle, is about 4 to 6 meters. The outerops
that best show the cyclic character of the rocks in formation A
are in the Guayama quadrangle, especially along the unpaved
streets on the south side of the small hill that lies just north of
Highway 3 at the southeast corner of the town of Guayama.

The volcanic breccias that comprise the lower part of each cycle
are thick-bedded and are made up of fragments that vary in shape
from angular to subrounded, but are in general subangular. The
size of the fragments is also variable, ranging from 2 millimeters
to 4 centimeters or more, the coarser particles occuring in the
basal parts of the breccia units. The fragments in most of the
breccias are tightly compacted, and the matrix generally makes
up 25 percent or less of the total mass. The composition of the
fragments is almost entirely andesitic, and they are probably rem-
nants of andesite flows and basaltic andesite flows.

The matrix that binds the large fragments of the breccia
together has been altered in part but seems to be primarily
andesite and crystals of plagioclase and pyroxene that range from
less than 0.05 millimeter to about 1 millimeter in diameter.
Sparsely disseminated pieces of pumiceous ash also oceur in the
matrix, but the total amount of material that can be recognized
as ash is small. In many of the breccias the particles and minerals
that make up the matrix have been so throughly replaced by
chlorite and other secondary minerals that their original character
cannot be recognized. Chloritization is common also around the
edges of the large fragments. Interstitial calcite is almost always
present in the matrix, but free quartz is absent. Specularite and
pyrite are disseminated locally through both the fragments and
the matrix.

The high degree of chloritization that many of these rocks have
undergone gives them a greenish color. The individual fragments
of andesite and basaltic andesite that have not been chloritized
range from olive black to grayish brown and grayish red. Frag-
ments that are brownish or reddish were probably oxidized before
deposition.

The volcanice breccias in formation A are variable in thickness,
but in general they make up about two-thirds to three-fourths of
the total thickness of each depositional cycle. Some of the breccias
in the upper part of the formation are more than 50 meters thick.

Sandstone is present in many of the cycles of deposition as a
thin gradational unit between the voleanic breccia below and the
siltstone above. The sandstone occurs in lenticular beds and is
composed chiefly of tightly compacted particles of andesitic rock
and small crystals and pieces of crystals of plagioclase and
pyroxene. Chlorite is disseminated throughout the voleanie sand-
stone as interstitial material. The color of the volcanic sandstone
varies from dark olive to dark greenish gray.

The siltstone that composes the upper part of the depositional
cycles is thin- to medium-bedded and contains laminae of sandstone
that are thicker and more numerous in the basal part of the units.
The siltstone is even bedded, and, although slightly contorted
laminae are present, there is little evidence of large-scale pene-
contemporaneous slumping. The upper part of the siltstone units
is very fine grained and locally is a white claystone.

The mineralogic composition of the siltstone is similar to that
of the sandstone. The plagioclase and mafic minerals, however, tend
to separate somewhat into distinet thin layers or laminae. Lam-
inae having a high coneentration of plagioclase are almost white,
and those that contain large amounts of mafic minerals and
chlorite are dark green.

Siltstone makes up about one-fourth to one-third of each eycle,
and in a few places is 10 or more meters thick. Like the other
units, however, the siltstones are lenticular and locally pinch out,
particularly in the upper one-third of formation A where the
siltstones are relatively thin.

The flows that are interbedded with the breceias and siltstones
in the upper half of formation A seem to be chiefly andesites;
some are probably basaltic andesites. The texture of these flows
is porphyritie; euhedral erystals of plagioclase, chiefly labradorite,
and pyroxene form phenoerysts in a microerystalline groundmass.
The size of the phenocrysts is generally less than 2 millimeters. The
proportion of plagioclase phenoerysts to pyroxene phenocrysts
varies, but plagioclase is predominant in most of the flows. Many
of the pyroxene phenocrysts and also some of the plagioclase
phenocrysts have been either completely or partly altered to
chlorite or epidote. Some of the plagioclase phenocrysts have
been partly altered to calcite.

A flow that differs somewhat from the other in formation A
crops out across the south side of the small hill that lies 0.45 kilo-
meter east of the sharp bend in the Rio Seco. This flow lacks
phenocrysts but contains amygdules that range in size from about
5 to 15 millimeters. The conspicuous features of these amygdules

“are their relative large size and their almost perfect roundness.

The amygdules are composed of epidote, which probably replaced
a primary mineral.

The cyclic beds of volecanic breccia, volcanic sandstone, and vol-
canic siltstone that make up most of formation A were deposited
in water, probably in shallow parts of the ocean not far from
source areas. Most of this material is lava-flow debris that was
carried into the basin of deposition in part by streams and in part
by large-scale mudslides from the steep slopes of volcanoes.
Pyroclastic debris blown from the volcanoes probably fell into the
water and was mixed with the water-transported debris. From
time to time tongues of lava reached the water and flowed into
the basin of deposition.

Fragments of large pelecypod shells and tests of foraminifera
were found in this formation in the Cayey quadrangle.

Formation B (Kb).—Rocks making up formation B in the Central
Aguirre quadrangle crop out in the hills in the north-central part
of the quadrangle from the Rio Seco westward to Cimarrén. A
short distance south of the northern edge of the quadrangle, these
rocks are covered by alluvial-fan deposits. The small hills that
stick up through the surficial deposits just northeast of Jobos are
underlain by rocks of formation B.

In this quadrangle the basal rocks of formation B appear to
truncate the rocks of formation A along a line of sharp angular
unconformity. Although the contact of the two zones is either
obscured by weathering or is covered by surficial deposits at most
places, the directions of strike of the rocks making up the two zones
is so sharply divergent, that an angular contact can be postulated.
Rocks of formation A strike rather uniformly N. 30° E. and dip
toward the northwest. Rocks of formation B, however, strike
about N. 30° W. and dip toward the southwest. In the Cayey
quadrangle to the north, the strike of the rocks in formation B
changes from northwest to north, and the unconformity between
formations A and B appears to be less angular.

The thickness of formation B in the Central Aguirre quadrangle
is approximately 600 meters. The formation thickens northward,
however, and in parts of the adjacent Cayey quadrangle is 1,400
meters or more thick.

The predominant type of rock in formation B is voleanic breccia,
but the formation also contains siltstones, sandstones, flows, and
flow breccias. The basal part of the formation is made up of
volcanic breccias, sandstones, and siltstones that were deposited in
cyclic patterns similar to those in formation A. In contrast to the
volcanic siltstones of formation A, however, the siltstones of for-
mation B were deformed by penecontemporaneous slumping and
show marked evidence of deposition by turbidity currents. Graded
bedding is a distinctive characteristic of these siltstones, but
instead of being evenly bedded, the base of each graded layer is
undulatory, a feature attributed to scour by turbidity currents.
Deformed laminae in one layer are truncated by the base of the
overlying layer.

The andesitic voleanic breccias in formation B, are similar to
those in formation A. Chlorite and epidote are abundant as low-
rank alteration minerals, and these rocks have a greenish color.
The breccias in the lower and upper parts of formation B are
bedded and are composed of smaller fragments than those in the
middle part of the formation. Medium- to thick-bedded volcanic
breccias crop out on the northeastern sides of the hills near Jobos,
and on the hills adjacent to the Rio Seco at the northern edge of the
map. Thin, lenticular beds of sandstone are present in the volcanic
breccias throughout the formation.

The siltstones are lenticular and are confined to the basal part
of the formation in this quadrangle. In general, they are slightly
more greenish than those in formation A indicating a higher
chlorite content. Outcrops of typical siltstone can be seen on the
northeastern sides of the hills just northeast of Jobos. The silt-
stones pinch out northward, and in the adjacent Cayey quadrangle,
they are absent from the basal part of the formation. In contrast
to the pattern of deposition in the Central Aguirre quadrangle,
however, sandstones and thin layers of siltstone make up the upper
part of formation B in parts of the Cayey quadrangle.

A few flows and flow breccias occur in formation B. One flow
crops out near the southeastern end of the elongate hill that lies
just west of the Rio Seco and 0.6 kilometer south of the north
edge of the map. This flow is porphyritic with small plagioclase
phenocrysts in a microerystalline groundmass. Microscopic grains
of hematite are disseminated throughout the rock, but they are
most numerous in what appears to be ghost crystals of ferromag-
nesian phenocrysts that have been completely altered. The edges
of these ghost erystals are very fuzzy and look as if they have
been partially assimilated into the groundmass, probably as a result
of deuteric alteration. This flow is grayish brown to grayish red
because of the large amount of hematite in the rock. Fragments
resembling this type of flow are common in the volcanic breccia of
both formation A and formation B.

Another slightly different type of flow crops out on the west
side of the westernmost knoll on the elongate ridge that lies 1.5
kilometers N. 10° E. of Villa Odas (central part of coastal plain).
The road that goes across the saddle just southwest of the knoll
crosses the upper part of this flow. A cross section is exposed
from the road northeastward to the top of the westernmost knoll
on the ridge. The flow is a dark greenish-gray porphyritic andesite
or basaltic andesite, but near the top, which crops out in the road,
it is an aphanitic amygdaloidal rock with no phenoerysts. The
basal part of the flow is a flow breccia which lies on stratified
voleanic breccia.

The flow breccia that crops out on the southern sides of the hills
2 kilometers northeast of Jobos forms large float boulders, some
of which are several meters in diameter.

No fossils were found in this formation but well-bedded sand-
stones and siltstones apparently deposited in part by turbidity
currents indicate that at least part of the rocks were deposited
in water.

Formation C (Kc).—This formation crops out on the hills along
the northern part of the quadrangle from Quebrada Cimarrén
westward to the vicinity of Quebrada Aguas Verdes. Farther
south, formation C is overlain by alluvial-fan deposits. The rocks
comprising formation C are approximately 1,100 meters thick in
this quadrangle, but in the adjacent Cayey quadrangle they attain
a thickness of more than 1,500 meters.

Thick flows, including flow breccias, make up most of the for-
mation, but volcanic breccias and tuffaceous breccias are also
present in the formation. Formation B appears to grade almost
imperceptibly into formation C through a breccia unit that is
approximately 150 to 175 meters thick. The upper part of this
breccia unit looks more like a flow breccia than a voleanic breccia,
but the lower part is very similar to the volecanic breccias in for-
mation B. To the north in the Cayey quadrangle there is some
evidence of an unconformity between the two formations. There
the base of formation C locally appears to truncate bedded breccia
at the top of formation B.

The flows in formation C are andesites and basaltic andesites
containing both plagioclase and pyroxene phenocrysts in a micro-
crystalline groundmass. Most of the phenocrysts are plagioclase,
principally labradorite, but some pyroxene phenocrysts are present
in all the outerops. Chlorite is common in the flows as an alter-
ation mineral after pyroxene and also to a lesser degree after
plagioclase, which is generally zoned. The color of the flows
ranges from dark greenish gray to brownish gray or grayish red.
The brownish-gray or grayish-red color of some of the flows comes
from hematite, which has replaced some of the mafic erystals,
and the greenish-gray color of the other flows comes from mafic
minerals and chlorite.

On the cluster of small hills that lies 0.4 kilometer south of the
north edge of the map at 66°12°30”, W. long., flow breccia is
intricately intertongued with flow. Both the flow and the flow
breccia are predominantly brownish gray to grayish red and are
identical in mineralogic composition. The northernmost and
highest of the knolls making up the cluster of hills is underlain by
tuffaceous breccia, which appears to intertongue southward with
flow breccia. The tuffaceous breccia that crops out only on this
hill is made up of andesitic fragments and some scoriaceous (highly
vesicular) volcanic bombs enclosed in a tightly compacted matrix
that consists of particles of pumiceous tuff, plagioclase crystals,
andesitic fragments, chlorite that may be a replacement of devitri-
fied glass, and a small amount of interstitial calcite. The average
grain size of the matrix is 0.5 millimeter. The overall color of the
rock is brownish gray but the pumiceous tuff particles are pale
reddish to moderate reddish brown.

Most of the upper third of formation C consists of amygdaloidal
flows that are similar in mineralogie composition to the under-
lying andesitic flows in the formation. Both the size of the plagio-
clase phenocrysts and the size of the amygdules varies from one
place to another. At the outerops on the hillside near the north
edge of the map, at a point 2.45 kilometers east of the northwest
corner of the map and 0.4 kilometer north of Canal de Guamani,
the flow contains amygdules that average 5 millimeters and plagio-
clase laths that average about 1.5 millimeters in length.

Intertongued with the amygdaloidal flow is a distinctive flow
breccia that contains large blocks averaging 20 centimeters or
more in diameter. This breccia lies within the flow at the north
edge of the map at a point 2.6 kilometers east of the northwest
corner of the map. A short distance to the south, however, for-
mation C is truncated by the Robles formation, and from that
point southeastward to Quebrada Aguas Verdes, the flow breccia
is in contact with the Lapa lava member of the Robles formation.

The environment of deposition of formation C is questionable.
The lack of stratification in the tuffaceous breeccia indicates that
it may be a subaerial deposit. In a small quarry near the north-
eastern end of the second hill southwest of the 37.5 meter road
intersection, about 134 kilometers north-northeast of San Felipe,
however, the amygdaloidal flow has erude pillow structure, which
indicates that at that point, the lava probably solidified under
water.

Robles formation (Kr).—The Robles formation was named by
Pease and Briggs (in press) for extensive outcrops of siltstone in
Barrio Robles in the southwestern part of the Comerio quadrangle.
In the Cayey quadrangle the Robles formation is made up primarily
of flows, siltstone, and limestone and has been subdivided into five
members, but only one of these, the Lapa lava member, crops out
in the Central Aguirre quadrangle. The Rio Matén limestone
member and the lower tongue of the Cayey siltstone member pinch
out in the southwestern part of the Cayey quadrangle. The inter-
val within which the upper tongue of the Cayey siltstone member
and the Las Tetas lava member would lie in the Central Aguirre
quadrangle is covered by alluvial-fan deposits. This interval is
thinner in the Central Aguirre quadrangle, indicating either that
the members above the Lapa lava member thin towards the south
or that they were removed by erosion before the deposition of the
Cariblanco formation. The apparent thinning of the Robles for-
mation could be a result of faulting now concealed by the alluvial-
fan deposits. The Lapa lava member underlies the low hills adja-
cent to the coastal plain in the northwestern part of the quadrangle.
In the Cayey quadrangle this member consists of two similar flows
separated in places by a thin tongue of the Cayey siltstone member,
but in this quadrangle the siltstone was not deposited, and the
two flows have not been differentiated. The total thickness of
this member is not known in this quadrangle because its top is
covered.

Chemical analyses of samples from the Cayey quadrangle indi-
cate that the Lapa lava member is a basaltic andesite. It has a
porphyritic texture and is composed of both plagioclase; principally
labradorite, and pyroxene phenocrysts in a microerystalline
groundmass. The ratio of plagioclase to pyroxene phenocrysts
varies in different parts of the flow. In the basal part, large
tabular plagioclase phenocrysts as much as 6 millimeters or more
in length are predominant. They occur both as individual erystals
and in clusters. Upward in the flow, however, the pyroxene pheno-
crysts are larger and more numerous, and on the south side of the
hill about 1.6 kilometers north-northeast of Coqui, pyroxene pheno-
crysts are predominant. Small, sparsely disseminated, calcite
amygdules occur in this part of the flow. Other minerals in the

rock in addition to plagioclase and pyroxene are ilmenite, magnetite,
chlorite, caleite, and a very small amount of olivine. Because of
the relatively high amount of iron in the flow, weathered outcrops
are brownish gray.

This flow, which can be distinguished from other flows in the
area by the size, distinctly tabular shape, and clustered nature of
its plagioclase phenocrysts, is a distinctive stratigraphic marker
and has been traced northward into the Cayey quadrangle along a
continuous outecrop for a distance of 8.5 kilometers. It also crops
out on the north side of the Cordillera Central and has been mapped
across the southern part of the Barranquitas quadrangle to a point
24 kilometers northwest of the Central Aguirre quadrangle (R. P.
Briggs, personal communication).

In the Cayey quadrangle the flow is characterized by pillow
structure, which generally indicates that a lava solidified under
water. Pillow structure was not seen in the Central Aguirre
quadrangle, suggesting that in this area the lava may have
solidified subaerially.

Coameo formation (Kcol, Kcos).—The Coamo formation was
named by Glover (in press) for a thick sequence of tuff breccias,
conglomerates, sandstones and lenses of limestone that crop out
in the southwestern part of the Coamo quadrangle in the vicinity
of Coamo. In the Central Aguirre quadrangle rocks of the Coamo
formation crop out only on the small elongate hill just west of
Coqui. Elsewhere in the quadrangle, this formation is covered by
surficial deposits, and its thickness is not known. The Coamo
formation is not represented in the Cayey quadrangle.

The outcrops west of Coqui consist of massive gray, reef-type
limestone, Kcol, and dense grayish-yellow to dusky-yellow calcar-
eous siltstone, Kcos, which may be in part interbedded with the
limestone; because of faulting and because of limestone float
that litters the slopes the stratigraphic relationship could not be
precisely determined. The siltstone that crops out in the small
quarry on the northeast side of the hill dips steeply toward the
southwest. A weathered igneous rock containing prominent
hornblende phenocrysts crops out in the bottom of the quarry,
but its exact relationship to the siltstone was not determined. The
entire southwestern two-thirds of the hill appears to be underlain
principally by limestone that has been folded into a small syneline
whose axis parallels the crest of the hill. The northeastern limb
of this syncline has apparently been faulted so that the limestone
and siltstone are in juxtaposition.

The limestone is somewhat variable in character. Along the
basal part of the hill it is a caleirudite that shows little evidence
of bedding. This phase of the limestone is now ecavernous. An
opening to a small cave is located on the geologic map. The lime-
stone that crops out along the upper part of the hill is bioclastic
and very thick bedded. Several of these beds as much as 3 to 4
meters thick form prominent outerops on the hillside. In the
small quarry near the northwestern end of the hill the limestone
is nonfossiliferous and contains an abundance of mineral detritus
including some hematite which gives the rock a slightly pinkish
hue.

The part of the hill that lies between the 30 and 40 meter con-
tours has a few outcrops of limestone, but fragments of somewhat
platy fossiliferous limestone are scattered over this area. Appar-
ently the limestone that underlies this part of the hill is less mas-
sive and contains silty interbeds, some of which crop out in the
quarry at the southeastern end of the hill.

Secondary calcareous deposits or caliche, which are formed by
the action of ground water, occur at several places around the
base of the hill. This erumbly, almost white material slopes away
from the hill in layered deposits and contains fragments of lime-
stone that have tumbled from the outerops of limestone higher on
the hill.

Fossils, including corals, rudistids and gastropods, are present
in almost all the limestone on this hill, but the greatest concen-
tration occurs in the part that contains the silty interbeds. Gas-
tropods are particularly abundant in this zone.

A collection of corals and mollusks taken mainly from the silty
beds in the small quarry at the southeastern end of the hill was
studied by Norman F. Sohl and J. W. Wells. Sohl states that:
“The ranges of the various species of the molluscan assemblage
indicates a late Campanian or early Maestrichtian age.” Con-
cerning the corals, Wells states that: “This is a shallow-water
fauna of reef-building types, usually associated with banks of
rudistids, characteristic of and widespread in the Late Cretaceous
(Campanian-Maestrichtian) of the Caribbean from eastern Mexico
through Jamica and Cuba to Puerto Rico.” Along strike, north-
west of this site in the southeastern part of the Coamo quadrangle,
two rudistids, were found in rocks that appear to be the same age
as the Coamo formation. Sohl identified one of these as Barrettia
gigas(Chubb)and the other as a species similar to but not identical
with Praebarrettia sparcilirata (Whitefield). Further west in the
Coamo quadrangle, Lynn Glover (personal communication) has
found numerous specimens of similar rudistids in rocks that appear
to be equivalent in age to the Coamo formation.

ROCKS OF LATE CRETACEOUS OR EARLY TERTIARY AGE

Most of the rocks that crop out in the oval-shaped, hilly area
within which Aguirre is located consist of interstratified sand-
stone, siltstone, chert, mudstone, thick beds of silty limestone and
thin layers of shale. All these strata are cut by a profusion of
transverse veinlets of calcite which obviously fills a series of
closely spaced fractures that probably developed during faulting.
Locally, along the road bank in front of the hotel at Aguirre, along
the bank of the secondary road just west of the 52 meter hill, and
in places along the low sea cliffs west of the Central the rocks
have been intensely deformed. The strata that erop out on the
hills in the northern part of the area dip toward the southwest,
but some of the strata in the southern part, particularly along
the low sea cliffs west of the Central, dip toward the northeast.
The reversal of dip may be the result of down-dragging or mono-
clinal folding along a northwest-trending fault that crosses the
central part of the hilly area.

No megafossils were found in these rocks, and detailed studies
of the microfossils have not been completed. There is no faunal
evidence, as yet, for dating these rocks. Moreover, the outerops
on the Aguirre hills are separated from rocks that erop out along
strike to the northwest by an alluvial fan that is about 7 kilo-
meters wide, and positive correlation with the rocks that lie to
the northwest cannot be made on a lithologic basis. Because the
stratigraphic position of these rocks is uncertain, they have been
designated on the map asTK . They may be early Tertiary in
age, or they may be Late Cretaceous. It is possible that rocks
representing both are present.

Some lithologic differences are apparent in going from north-
east to southwest across the Aguirre hills. The rocks that crop
out in the small quarry on the north side of the area consist of
interbedded light olive-gray to yellowish-gray mudstone and silt-
stone, olive-gray silty limestone, and olive-gray to dusky-yellow
shale. The beds of mudstone and siltstone range from about 2 to
30 centimeters in thickness, and the beds of limestone average
about 7 to 8 centimeters. The shale oceurs in thin layers about 1
to 2 centimeters thick.

Upward, the amount of limestone inereases, and the upper part
of the ridge above the quarry is underlain by beds of silty lime-
stone, some of which are more than a meter thick. No mega-
fossils were found in this limestone, but it contains an abundance
of microscopic fossil debris and Foraminifera.

The south side of this ridge and the valley between it and the
next ridge to the southwest are underlain by light olive-gray fri-
able sandstone that contains a few thin lenticular layers of pebble
conglomerate. The upper part of the second ridge, however, is also
underlain by thick, silty limestone beds. Pieces of float contain-
ing what appear to be algal remains were found at one point on
this ridge.

These two units of limestone may represent tongues of the thick
algal limestone of early Tertiary age (Glover, personal communi-
cation) that forms the prominent, northwest-trending ridge north-
west of Salinas. The two rows of parallel hills northwest of
Aguirre appear to be an outlying remnant of this ridge. There is
a possibility, however, that these are Upper Cretaceous rocks that
have been uplifted by faulting. To the northwest in the southern
part of the Coamo quadrangle and in the Salinas quadrangle,
Glover (personal communication) has mapped a normal fault,
which lies south of and roughly parallel to the prominent ridge of
lower Tertiary limestone. The stratigraphic displacement along
the fault appears to be of large magnitude, and the rocks south
of the fault are of Late Cretaceous age. If projected southeast-
ward along strike this fault passes just north of the Aguirre hills.
The fault that crosses the Aguirre hills may be a subsidiary fault,
or it might be a part of the main fault.

South of the fault the rocks are interbedded olive-gray to dusky-
yellow sandstone, olive-gray to dusky-yellow siltstone, a tongue of
yellowish-gray silty limestone, and both bluish-gray and white
iron-stained chert.

The dark-gray chert, which was not seen north of the fault,
occurs as lenticular, laminated layers that are interbedded with
the siltstone in an elongate area about 0.4 kilometer wide that lies
adjacent to the south side of the fault. The deformed beds of silt-
stone in the road bank in front of the hotel contain dark-gray
chert, and blocky masses of it occur as float toward the northwest.

White bedded chert containing hematite and limonite stains
crops out on the two finger-shaped knolls that lie just north of
the small reservoir located 0.85 kilometer west of Aguirre. The
chert breaks up into small, cube-shaped brownish float blocks,
which litter the two knolls. A few pieces of conglomerate float,
made up entirely of pebbles of this chert loosely cemented by a
highly hematitic matrix, were found mixed with the chert at one
locality, but as the conglomerate was not seen in place, its strati-
graphic relationship to the chert is not known. The chert was
not found southeast of the two finger-shaped knolls. It seems to
be a lenticular deposit that pinches out southeastward.

The rocks that crop out along the low sea cliffs at Aguirre are
mainly thin-bedded siltstone, and the rocks in the hill just west of
Aguirre are interbedded sandstone and siltstone.

No fossils were found in the rocks south of the fault; therefore,
dating is impossible on a faunal basis. Glover (personal ecommu-
nication) reports rocks of similar lithology in the Upper Cretaceous
of the Coamo quadrangle at a stratigraphic position just below
the rudistid-bearing rocks of the Coamo formation. The white,
bedded chert, however, was not found elsewhere in rocks of Late
Cretaceous age.

TERTIARY SYSTEM
Oligocene series

Juana Diaz(?) formation.—A large number of waterworn peb-
bles and cobbles of limestone mixed with pebbles and cobbles of
volcanic rocks are scattered over the tops and slopes of the two
knolls that lie about 1.5 kilometers west of the end of the pier at
Aguirre. Mixed with these cobbles and boulders are many coral
heads, one of which was over 45 centimeters in diameter. The
coral heads are relatively angular in contrast to the roundness of
the associated cobbles indicating less wear by the action of water.
Two species of coral were found, and they were identified by
J. W. Wells as Antiguastrea cellulosa (Dunecan) and Hydnophora
sp. (undescribed). He states that, “the first occurs only in the
West Indian Oligocene; Hydnophora is known only from the Eocene
and Oligocene of the same area. There is no doubt that these
specimens are of Oligocene age, representative of the Oligocene
reef coral known and occurring inthe same manner elsewhere in
Puerto Rico.”

These waterworn fragments of limestone and coral heads lie on
rocks of possible Late Cretaceous or early Tertiary age and prob-
ably represent a small remnant of the Juana Diaz formation of
Oligocene age that lay at the strand line during the late Pleisto-
cene or early Recent when sea level was higher than it is at
present.

This limestone lies about 20 kilometers farther east than the
easternmost outerops of Juana Diaz formation reported in the
southern part of Puerto Rico by previous workers (Zapp,
Bergquist, and Thomas, 1948).

QUATERNARY SYSTEM

Surficital deposits.—The coastal plain, which covers approxi-
mately two-thirds of the land surface of the Central Aguirre
quadrangle, is made up of unconsolidated surficial deposits con-
sisting of intermixed clay, silt, sand, gravel, cobbles, and boulders.
They have been subdivided on the basis of depositional environment
into the following classes: (1) alluvium, (2) alluvial fans, (3) beach
deposits, and (4) lagoonal deposits. What appears to be a small
marine-terrace deposit occurs on a hill top just northwest of
Aguirre.

The alluvium consists of nonstratified sand, gravel, and boulders
that lie along the bottom of the stream channels and on the
narrow flood plains adjacent to the stream channels. During
heavy rains the streams spill over their banks and deposit this
material on adjacent land areas.

The alluvial fans in the Central Aguirre quadrangle are made up
of interstratified clay, silt, sand, gravel, and boulders, which were
carried by streams from the uplands. This material was deposited
in fans that have coalesced to form a continuous piedmont fan
making up most of the coastal plain.

Boulders, gravel, and sand oceur mainly along the northern edge
of the fans at the base of the hills. Some gravel and boulders
have been carried farther south during torrential rains and during
times of flooding, but in general fine sand, silt, and clay make up
the southern part of the fans.

The alluvial fans and alluvium form a wedge-shaped deposit
whose thickness increases toward the Caribbean Sea. Thicknesses
of the fan deposits and alluvium have been obtained from logs of
a few widely spaced holes that were drilled for water, and these
are plotted on the geologic map. The variations in the thicknesses
obtained from the logs indicate the presence of buried hills beneath
the coastal plain. The maximum thickness of the alluvial-fan
deposits and the alluvium measured was 51 meters in a water well
at Central Guamani that did not reach bedrock. Along the coast
the thickness is probably in excess of 50 meters.

Pebbles and cobbles of waterworn volcanic rock are mixed with
the Oligocene coral heads on the hillside northwest of Aguirre at
an altitude of 50 meters above the Caribbean Sea. At other local-
ities cobbles of voleanic rock were found at altitudes of 10 meters
above the present level of the coastal plain. These pebbles and
cobbles indicate that at some time in the past, possibly during the
Pleistocene or late Tertiary, sea level was higher than at present.
The intermixed pebbles and cobbles of voleanic rock and Oligocene
coral heads presumably lie on a marine terrace that lies 50 meters
above present sea level. The cobbles of voleanic rock havebeen
transported by water and deposited, but the eoral heads, which
are essentially angular were not transported far from the site of
growth.

The spit that extends from Las Mareas to Punta Pozuelo and
Punta Rodeo is a beach deposit of calcareous sand, gravel, and
cobbles that has accumulated as a result of ocean currents and
wave action. Waterworn shell fragments make up approximately
50 percent of the sand, and epidote grains, about 10 percent in
places. The spit is being built in part of material carried into
the Caribbean by Rio Guamani and other streams east of Las
Mareas, in part of material that is being currently eroded from
the coast to the east of the Central Aguirre quadrangle, and in
part of the shells and skeletons of marine organisms. The rock
debris is carried westward by ocean currents. Wave action in
shallow water has assisted in piling up material along the spit.
Low beach ridges, which have been formed by the piling up of
sand at various times in the past, are shown by the topographic
contour lines on the map.

The beaches are narrow along that part of the coast which lies
between the east edge of the quadrangle and Las Mareas, and
there they are covered with cobbles. West of Las Mareas, how-
ever, the beaches are predominantly carbonate sand, intermixed
in most places with gravel.

The lagoonal deposits are made up of clay, fine salt, and organic
matter that have been deposited in the quiet waters around Bahia
de Jobos and Laguna de Las Mareas. The fringes of these lagoons
are marshes and mangrove swamps.

Several large areas of the alluvial fans contain too much salt
to be arable. These salty areas, which are shown on the map,
oceur prineipally in the lower lands between the broad arcuate
fans. The salty areas were plotted in part during field investi-
gations, in part from aerial photographs,andin part from the soil
map of Puerto Rico (Roberts and others, 1942). Probably during
the late Pleistocene the sea level was higher, and some of the
swales between the fans were lagoons charged with salt water
that completely saturated the underlying sediments. The fresh
water carried into the fans by the mountain streams has flushed
much of the salt from the fans and may have concentrated it
somewhat in the swale areas.

Earthy, calichelike, secondary calcium carbonate deposits occur
in places along the streams and in small layered deposits on the
slopes and near the base of some of the hills. Calcium bicarbonate
is formed from calecium carbonate by the action of carbonic acid
in the ground water. This is carried by streams and redeposited
as caleium carbonate where evaporation is high. It is deposited
as moundlike masses or as “ramps” where the water pours over
boulder jams or natural dams in the stream. It also occurs locally
along the stream banks. The secondary calcium carbonate is
also deposited by ground water in talus and in sloping layered
deposits at the base of hills. Excellent examples of deposits of this
material can be seen at the west end of the small quarry northwest
of the village of Aguirre, and in several small excavations around
the base of the hill west of Coqui where it has been dug out for
use as agricultural lime. In places these deposits are more than
2 meters thick.

DIKES AND VEINS

Intrusive igneous rocks occur in the Central Aguirre quadrangle
as dikes. Veins of caleite and quartz are associated with the
volecanic rocks in a few places.

Dikes of diorite that strike toward the northeast crop out in an
alined pattern across the north-central part of the quadrangle.
The outerop of these dikes is marked by a line of large whitish
boulders that can be distinctively identified from a distance of
half a kilometer or more. Outcrops of these dikes are continuous
northeastward into the south-central part of the Cayey quadrangle.
The striking alinement of these dikes indicates that their forma-
tion was controlled by a regional structural feature. Projected
northeastward across the Cayey quadrangle to the Patillas quad-
rangle, these diorite dikes strike toward a diorite stock that crops
out in the eastern part of the Patillas quadrangle. Presumably the
diorite dikes are offshoots of this same igneous body that is
continuous at depth beneath the Cayey and Central Aguirre quad-
rangles. The dikes probably formed along fractures produced by
the main igneous body. The texture of the diorite is porphyritie.
Phenocrysts of plagioclase and pyroxene are enmeshed in a medium-
to fine-grained groundmass. Minerals in the rock in addition to
plagioclase and pyroxene are biotite, chlorite, magnetite, and a very
small amount of quartz.

A hornblende andesite dike, which was mapped on the basis of
float, strikes apparently northeast across the largest of the three
hills which are northeast of Jobos. The texture of this rock is
porphyritic. Plagioclase and hornblende occur as phenocrysts in
a fine-grained groundmass. Accessory minerals in the rock are
calcite, quartz, and magnetite. This is the only dike of this type
found in this quadrangle; however, similar dikes are fairly com-
mon in the Cayey quadrangle.

Calcite veins as much as half a meter thick occur in the voleanic
rocks across the northern part of the quadrangle. The calcite
usually contains some iron oxide, which gives the vein a light-
brown color. One of these veins crops out 3.4 kilometers east of
the northwest corner of the quadrangle. Veins of this type are
also present in the Cayey quadrangle.

A few thin quartz veins containing small amounts of pyrite and
hematite were found. They are fewer in number than the calcite
veins and are less than half a meter thick. A quartz vein con-
taining hematite crops out on the southernmost of the small hills
that lie northeast of Jobos.

HYDROTHERMALLY ALTERED ROCKS

A tabular band of rock about a meter thick that stands about 1
meter to 1.5 meters in relief above the adjacent volcanic breccia
crops out from southwest to northeast across the northwestern
end of the northernmost elongate ridge that lies between the Rio
Seco and Quebrada Cimarrén. This body of mottled red and white
rock is volcanic breccia that has been subjected to intense sec-
ondary silicification that did not affect adjacent rocks. Large
pods of secondary quartz containing ferric oxide are enclosed in
rocks that, although retaining their relic structure in most places
have been converted largely to ferric iron and secondary silicate
minerals. The altering agents were probably hydrothermal solu-
tions, which—in addition to depositing silica—also converted the
primary minerals in the rock to secondary minerals. These solu-
tions followed vertical fractures, which were subsequently filled
with quartz and preserved in the band of altered rocks.

Along strike to the southwest and contiguous with the outcrops
just deseribed for a distance of about 0.35 kilometer, the volcanic
rocks have been altered to a siliceous, white-colored mass that
contains highly chloritized fragments of the original rock. These
rocks have also been altered possibly by hydrothermal solutions
but to a lesser degree.

Locally, east of a line through Lago Melania the matrix of the
volcanic breccias has been silicified and the andesite fragments
have been highly chloritized probably by the action of hydro-
thermal solutions.

STRUCTURE

The voleanic rocks, sandstone and siltstone, limestone, and
intrusive igneous rocks in the Central Aguirre quadrangle are
part of a complexly faulted and folded mass of rocks that form
the mountainous backbone of Puerto Rico. Except for the higher
ridges along the northern border, only the crests of old hills now
project through the surficial deposits.

Apparent unconformities between formations A and B, between
formations B and C,and between formation C and the Robles
formation seem to indicate that some diastrophism was continu-
ous throughout the period of time in which the Cretaceous rocks
in the Central Aguirre quadrangle were formed. The unconform-
ities probably do not represent long time gaps but instead are
mainly the result of changes in the basin of deposition by dia-
strophic movements.

Formation A, which erops out in the northeastern part of the
quadrangle, strikes toward the northeast and dips toward the
northwest at an average of 25°. Formations B, C, and D are part
of the southern limb of a broad, open anticline which underlies
the southern two-thirds of the adjacent Cayey quadrangle. These
units strike toward the northwest and dip toward the southwest
except on the hills at Central Aguirre and on the hill near Coqui,
where dip reversals are caused by faulting and folding. The rocks
on the south sides of the hill at Central Aguirre and the hill west
of Coqui strike toward the northwest and dip toward the north-
east. A fault that strikes east is exposed in the small quarry near
Central Aguirre, and a fault that strikes towards the northwest
cuts across the center of the small hill west of Coqui. The rocks
making up the entire hill at Central Aguirre show evidence of
considerable fracturing and shearing. The deformation of the
rocks underlying these two hills has been caused by faulting and
by some folding. This deformation seems to be more or less
restricted to a belt which strikes northwestward and is well exposed
in the southern part of the adjacent Coamo quadrangle.

Small-scale fracturing and jointing was seen from place to place
in the quadrangle. The line of linear dikes that strikes toward the
northeast across the north-central part of the quadrangle may
follow a set of regional fractures.

GEOLOGIC HISTORY

During Cretaceous time, the area now occupied by the island of
Puerto Rico was a shallow sea or basin of deposition surrounded
by islands built up by the lava and ash poured forth from a series
of active volcanoes. The material from these volcanoes built
large cones down whose flanks flowed the lava from successive
eruptions to spread over the islands and out into the adjacent
shallow seas.

Between periods of volcanic activity, streams, landslides, and
mudflows carried great quantities of the volcanic debris into the
sea where, as the sea floor gently subsided, the material accumu-
lated to a thickness of several thousand meters. The cyclic deposits
of formation A, which may represent individual eruptions, and
also the material that makes up formation B and C represent this
phase of the geologic history.

Coral reefs fringed the volcanic islands and during periods of
quiescence they extended to cover larger areas of the shallow sea.
The fine-grained rocks and reef-type limestones of the Coamo
formation in the Central Aguirre quadrangle were deposited either
during such a period or they formed some distance from a center
of volecanie activity.

Gradually during Late Cretaceous time the volcanism diminished
in this immediate area and activity was reduced to occasional out-
breaks. Following cessation of voleanic erution, probably during
very early Tertiary time, the extinct volcanoes were eroded away
and the sediments in the basin of deposition were elevated above
sea level and intruded by plutonic igneous rocks which are rep-
resented in the Central Aguirre quadrangle by dikes of diorite.
The diastrophic movements that raised this area above sea level
also crumbled the rocks causing folding and faulting.

This newly raised land, which representsthe first emergence of
the island of Puerto Rico, was in turn eroded. During Paleocene
and Eocene time and Oligocene time, the island was again at
least partly inundated by the sea. Thick deposits of reef-type lime-
stone and associated layers of sand and silt accumulated during
the Paleocene, Eocene, Oligocene, and Miocene epochs.

Prior to the Pliocene epoch, the island, including its Paleocene,
Eocene, Oligocene, and Miocene deposits, was again elevated above
sea level. Erosion since that uplift has removed much of the
Cretaceous and Tertiary deposits and has sculptured the mountain-
ous surface. In the Central Aguirre quadrangle the post-Miocene
erosion has removed all the Oligocene deposits except the limestone
boulders and coral heads on the hill near Aguirre.

The alluvial fans, lagoonal deposits and beaches, which now rim
the island, and the stream alluvium represent material that has
been eroded from the mountains during Pleistocene and Recent
times.

GEOMORPHOLOGY

The land forms in the Central Aguirre quadrangle are of two
types, the hills, which are underlain by voleanic and sedimentary
rocks, and the coastal plain, which is made up of unconsolidated
surfacial deposits.

The topography of the hills is the result of erosion acting on
resistant rocks that have been lithified, uplifted, and deformed by
diastrophic movements in the earth’s crust. The relief of the hills
is attributable to the resistance of the rocks forming them and
their configuration is the result of the adjustment of the drain-
age system to the structural pattern of the rocks.

The stratified rocks forming the hills in this quadrangle have
been tilted. Erosion, therefore, has developed ridges that are
elongate in the direction of the strike of the rocks. The profiles
of these ridges are asymmetrical in a direction perpendicular to
the strike. The slope on the down-dip side of the ridge is usually
gentler than the side which slopes opposite to the direction of dip.
Because of the relative homogeneity of the strata forming the
hills in this quadrangle their asymmetry is not marked as in areas
where some of the strata or layers of rocks are less resistant than
others.

The hills in the northeastern part of the quadrangle in general
are elongate in a southwest direction parallel to the strike of the
rocks. Where the elongate shape of a ridge is less pronounced,
the smaller hills or knolls on the ridge are alined in a southwest
direction. The dip of these strata is toward the northwest. As a
result the slope of the northwestern side of some of the ridges
and hills is gentler than the slope of the southeastern side.

From the Rio Seco to the western edge of the quadrangle the
strata strike toward the northwest and dip toward the southwest.
The ridges and hills in this part of the quadrangle, therefore, have
a tendency to be elongate in a southeast direction, and the south-
western sides of some of them have gentler slopes than the north-
eastern sides.

The shifting of the channels of some of the streams from time to
time has modified the structural conformity of the drainage pat-
tern. For example, the Rio Seco, just west of the 39.9 meter
road intersection, appears to have shifted its channel westward
and cut into the ridge that lies just west of the river. The ridge now
is elongate in a west-southwest direction normal to the regional
strike rather than parallel to it as is the general rule.

The basement rocks beneath the unconsolidated coastal-plain
deposits are very probably similar to the rocks which form the
hills in this quadrangle. From drill hole data, it is known that
the upper surface of the basement rock slopes southward beneath
the surficial deposits. The basement rock surface was once a part
of the land surface of the Central Aguirre quadrangle at a time,
probably during the Pleistocene, when sea level was lower than it
is at present. Drill-hole data indicate that a low, buried ridge,
which trends southwest, is located about a kilometer northwest of
Hacienda Mercedes, which is near the east-central edge of the
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map. Additional drill holes would probably prove that other low
buried ridges and hills are present on the surface of the basement
rock.

Later, probably during the late Pleistocene or early Recent, sea
level was raised and the present basement surface beneath the sur-
ficial deposits was covered by the ocean. At that time, the group of
hills northwest of Aguirre, the ridge west of Coqui, the hills just
northeast of Jobos, and possibly the hills south and east of Lago
Melania may have been islands. The total rise in sea level is
somewhat conjectural; however, the fan deposits making up the
coastal plain pinch out northward against the volcanic rocks at a
rather uniform altitude of about 50 meters. Furthermore, the
limestone cobbles, boulders, and large coral heads of Oligocene age
that lie on top of the westernmost knoll west of Aguirre at an
altitude of 50 meters probably represent a remnant of Oligocene
limestone that lay at the strand line and was eroded by wave
action during late Pleistocene or early Recent time. The well-
rounded cobbles of volcanic rocks that are mixed with the coral
heads were deposited during the same period.

Following its higher stand, the sea has gradually retreated to
its present level. As the level was lowered, the fans began to
advance seaward and as they became larger they coalesced to
form the piedmont fan that forms the present coastal plain.

The largest fans have been built by the Rio Guamani and the
Rio Seco. The western edge of the coastal plain in this quadrangle
is a part of a large fan that has been built by the Rio Salinas. The
low area in which Coqui is located is a swale between the fans.

The fan of the Rio Guamani seems to have been fed at one time
by both the Rio Guamani and the Rio Seco, but the course of the
Rio Seco was subsequently shifted westward to its present posi-
tion. The lower half of the present course of the Rio Melania
follows what was apparantly an older channel of the Rio Seco.
The course of the Rio Guamani has also been shifted. It previously
followed a channel which was west of its present channel and
which entered the Caribbean Sea at a point just west of Laguna
de las Mareas. As the central part of the fan of the Rio Guamani
became higher from depositional buildup, the river began to flow
down the more steeply sloping side of the fan along a more direct
route to the sea. The small stream just west of Colonia Josefa
follows a part of the old channel of the Rio Guamani.

The configuration of the spit which extends from Las Mareas
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westward to Punta Rodeo is a result of the shift of the channels
of the Rio Guamani and the Rio Seco. Most of the bulbous western
end of this spit apparently formed at a time when the Rio Guamani
and the Rio Seco entered the sea at a point just west of Laguna de
las Mareas. Sediment from these streams was carried westward by
currents and piled up by wave action. This part of the spit prob-
ably formed over a shoal, which may have been the beveled top of a
hill. Since the shift of the courses of the Rio Seco and the Rio
Guamani, the buildup of the spit has been rapid in the area
between Las Mareas and Punta Ola Grande where sediment
brought into the sea by the Rio Guamani and other streams to
the east is now being deposited. Drowned mangroves just north-
east of Punta Pozuelo indicate that the western part of the spit
is being eroded.

Coral reefs now fringe the seaward edge of the Cayos de Barca
and Cayos Caribes and the seaward edge of the spit to a point 0.5
kilometer northeast of Punta Pozuelo and from Punta Ola Grande
westward for a distance of 3.9 kilometers.

ECONOMIC AND ENGINEERING GEOLOGY

Ground water.—McGuinness (1948, p. 393-398) has described the
ground-water resources of the Central Aguirre quadrangle. He
points out that throughout this area, except on and near the hill
at Central Aguirre, ground water has been extensively developed.
Many of the wells have yields of as much as 1,000 gpm (gallons
per minute), with specific yields as high as 125 gpm per foot of
drawdown. McGuinness states that:

“The area in the vicinity of Rio Guamani probably is fully
developed, and there may be some danger of salt-water encroach-
ment if additional wells are drilled and pumped heavily in the
area nearest the coast. The area westward to Rio Seco is fairly
well developed but a little additional development might be pos-
sible. The area between Rio Seco and San Felipe offers some
promise for small to moderate supplies. The alluvium in the
San Felipe-Central Aguirre area appears to be rather thick and
productive, and substantial additional supplies are probably avail-
able in the area around Coqui. In the area north of Coqui and
especially that north of the West Guamani canal the alluvium is

thinner than at Coqui, but moderate supplies are undoubtedly
available.

“On the whole, a fairly large supply is available in the Guayama
plain. The recharge resulting from irrigation, rainfall, and stream
flow probably will be adequate to maintain the existing supplies,
except perhaps near the mouth of Rio Guamani, and to permit
small to fairly large additional developments in certain parts of
the area.”

The San Felipe-Aguirre-Coqui area is located in a swale between
two alluvial fans, and the fanglomerate appears to be thinner in
that area than elsewhere. Furthermore, there is no evidence that
a stream channel whose deposits might serve as an aquifer has
crossed the central part of it. Therefore, the potential of this
area for additional supplies of water may not be as good as
McGuinness (1948) thought.

The approximate locations of most of the large producing water
wells in the Central Aguirre quadrangle have been plotted on the
map. The thicknesses of the surficial depositswhich were obtained
from the logs of these wells also have been plotted. It is apparent
from the geographic locations of these wells that the area from
the Rio Guamani westward to the Rio Seco has been most pro-
ductive, and as pointed out by McGuinness (1948), this area has
already been well developed. Any additional test drilling in that
area should be directed toward locating buried stream channels
that may lie in the area between the Rio Melania and the Rio
Seco. Some additional water might be obtained in the western
part of the coastal plain, but the rate of recharge by stream
inflow into the alluvium is less there than in the eastern part of
of the coastal plain. The chances for large additional production
in the area west of the Rio Seco, therefore, are not good.

The chances for additional water production from the basement
rocks beneath the surficial fan deposits, however, appear to be bet-
ter in the western part of the coastal plain than in the eastern part.
The basement rocks beneath the surficial deposits in the eastern
part of the coastal plain are dense volcanie rocks having little
water-storing capacity, whereas the basement rocks beneath the
western third of the coastal plain are probably fractured and
somewhat more porous siltstones and limestones similar to those
that crop out on the hills in the vicinity of Aguirre and on the hill
near Coqui. If these rocks are sufficiently fractured, they might
serve as reservoirs for water that seeps downward from the fan

deposits. This possibility can be proved, however, only by test
drilling.

Contour interval 10 meters
1 Meter contours in dashed lines

Datum is mean sea level

Shoreline shown represents the approximate line of mean high water

The average range of tide is approximately 0.2 meters

Mineral deposits.—No metallic mineral deposits of commercial
value were found in the Central Aguirre quadrangle. Quartz
veins containing small amounts of hematite were found near the
southern end of the hill 1.6 kilometers northeast of Jobos and on
the southeast side of the hill 0.95 kilometer north of Villa Odas.
Calcite veins as much as 47 centimeters thick occurin all types
of volcanic rocks but are most prevalent in the lava flows west
of Cimarrén.

Foundation stability.—Unweathered volcanic rocks including
the siltstone and intrusive rocks form excellent foundations for
both buildings and roads, but these rocks are difficult to excavate
and require blasting and power tools for removal. Fresh rock
forms very rough, rocky surfaces for unimproved roads, but
smoothing this surface provides an excellent base course for
improved roads.

The surficial deposits are easily excavated, but because of their
unconsolidated character, they are not as good for foundations as
bedrock. The alluvial-fan material in the Central Aguirre quad-
rangle is probably adequate as foundation for most all types of
buildings, but individual sites should be tested before the con-
struction of multifloored buildings. Road surfaces require well
laid and compacted heavy base course. The low topographic
position of the surficial deposits makes the material subject to
flooding. Where the surficial deposits are well above the water
table, however, drainage is excellent because of high porosity.

Road material.—The limestone on the hill west of Coqui is a
source for road metal, both for base course and surfacing material.
Limestone is excellent for both surfacing and base-course material
because it can be crushed easily. Also, the crushed rock can be
compacted with a roller to form a smooth surface on a strong
base course.

Some of the flows in the northwestern part of the quadrangle
are suitable for road metal, but this material is harder and more
difficult to crush than limestone and it resists compaction.

The coarse sand and gravel, which occurs along most of the
stream beds, makes a good surface for unpaved roads. If these
roads are heavily traveled, however, new surface material must
be added periodically.

Conerete aggregate.—Crushed limestone, crushed flow rock, and
sand and gravel made good concrete aggregates. The limestone
near Coqui would make good aggregate, and a fairly large supply

is available. Sand and fine gravel make up the Las Mareas spit and
can be easily obtained with a truck and hand shovels. A large
supply of flow material is available in formation C.

Weathering characteristics.—The soils that form over the vol-
canic rocks are patchy and thin, ranging from a few centimeters
to about a meter in thickness. In many places patches of bedrock
are exposed. The soils contain many small fragments of rock, and
areas downslope from the rock outerops are covered with coarse
rubble. The general composition of the soils is silty clay of a
semigranular friable nature. The soil is separated from the bed-
rock in most places by a relatively thin layer of saprolite that is
thick enough to support trees, but the contact locally between the
soil and bedrock is abrupt.

The voleanic siltstone beds break up into small tabular blocks.
The more massive volcanic breccias and flows however, form
boulders of all sizes. Locally, these boulders are huge masses
weighing several tons. The igneous intrusive rocks are slightly
more resistant to weathering than the surrounding volcanic rocks,
and, as a result the outcrops of the intrusive rocks are marked by
distinct lines of large, whitish boulders.

REFERENCES

Anuario Estadistico, Puerto Rico, 1956, Negociado de Economia
v Estadisticas.

Glover, Lynn, 3d, in press, Geology of the Coamo quadrangle,
Puerto Rico: U. 8. Geol. Survey

Hodge, E. T., 1920, Geology of the Coamo-Guayama district,
Porto Rico, in Scientific Survey of Porto Rico and the Virgin
Islands; v. 1, pt. 2, New York Acad. of Sciences, New York.

McGuinness, C. L., 1948, Ground-water resources of Puerto Rico:
Puerto Rico Aqueduct and Sewer Service, 613 p. [mimeographed].

Pease, H. M., Jr., and Briggs, R. P., in press, Geology of the Comerio
quadrangle, Puerto Rico: U. S. Geol. Survey Misc. Geol. Inv.
Map I- 320

Roberts, R. C., and others, 1942, Soil survey of Puerto Rico: U. S.
Dept. of Agriculture, Bur. of Plant Industry.

Zapp, A. D., Bergquist, H. R., and Thomas, C. R., 1948, Tertiary
geology of the coastal plains of Puerto Rico: U. S. Geol. Survey
Oil and Gas Inv. prelim. Map 85.

Geology mapped in 1956-57 by Henry L. Berryhill, Jr.

assisted by Lynn Glover, Il and Martin S. Tischler

18°30" ——

17°
66°0730"

EXPLANATION
STRATIFIED ROCKS

o .

Coral reef
Fringing reef of living coral

Qa

Alluvium
Unconsolidated sand, gravel, cobbles, and boulders
along beds of streams; and unconsolidated silt,
sand, and gravel covering flood plains adjacent to
stream channels

Alluvial fans
Unconsolidated stratified clay, silt, sand, gravel, cob-
bles, and boulders; cobbles and boulders mainly in
northern part of alluvial fans; clay, silt, and sand
are predominant components of southern half to

one-third of fans; areas high in salt, Qfs

Y
QUATERNARY

Lagoonal deposits

Unconsolidated clay, fine silt, and organic matter;
areas mapped as lagoonal deposits are covered by
mangrove trees

Beach deposits
Unconsolidated sand, gravel, cobbles, and
shell fragments Y,

Juana Diaz(?) formation
Water-worn pebbles and cobbles of pale yellowish-
brown limestone; many coral heads

Oligocene
TERTIARY

Sedimentary rocks
Interbedded light olive-gray sandstone, light olive-
gray to yellowish-gray siltstone, light olive-gray
to light brownish-gray limestone, TKI; thin layers
of shale, and medium-dark-gray and white chert;
cut by many veinlets of calcite J

Coamo formation
Predominantly medium light-gray limestone, Kcol;
includes some light olive-gray to grayish-yellow

siltstone, Kcos

Lapa lava member of the Robles formation

Andesite containing clusters of large plagioclase
phenocrysts, and pyroxene phenocrysts in a micro-
crystalline groundmass; medium gray to dark
greenish gray, weathers reddish brown

hd

CRETACEOUS OR
TERTIARY
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Z
Formation C
Mostly dark greenish-gray to brownish-gray andesite-
Slows, Kcf, including at base volcanic breccia, Kevb;
and in middle and upper parts tuff breccia, Kctb;
and flow breccia, Kcfb

W
CRETACEOUS

Formation B
Predominantly coarsely stratified volcanic breccia;
includes a few andesite flows, Kbf; and flow
breccias, Kbfb; and sandstone and siltstone mainly
in basal part of formation. Rocks chiefly dark
greenish gray but oxidized flows are reddish brown

~_Ka
Formation A

Interstratified volcanic breceia, sandstone, and silt-
stone, deposited in a series of cycles; for the most
part dark greenish gray. Siltstone occurs mainly
in the lower two-thirds of formation; several thin
flows of andesite, mostly in the upper third of
Jormation

INTRUSIVE ROCKS

o

Diorite
Includes several dikes and a small intrusive body
composed principally of plagioclase and mafic min-
erals, which have been partly altered to chlorite

W
TERTIARY(?)

\

Hornblende andesite
Dikes of porphyritic hornblende andesite consisting
of phenocrysts of hornblende and plagioclase in
Sfine-grained groundmass J

METAMORPHIC ROCKS

TKhv 7
Hydrothermally altered rocks
Mottled red and white, very siliceous rock hydro-
thermally altered from flows and volcanic breccias;

siliceous white rock that contains chloritized frag-
ments of original rock %

b i
CRETACEOUS OR
TERTIARY
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Contact
Dashed where approximately located

Indefinite contact
Includes gradational contacts and inferred contacts
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Probable fault

Strike and dip of beds
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Approximate strike and dip of beds

R
Abandoned quarry

039
Approximate location of selected productive
water wells

Number beside well is thickness in meters of the
alluvium )
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