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INTRODUCTION

This report has been prepared as part of a continuing cooperative
program of the U. S. Geological Survey and the Puerto Rico Economic
Development Administration. The objective of this program is the
preparation of a large-scale geologic map of Puerto Rico. This report
stresses the economic and engineering aspects of the geology of the
Barranquitas quadrangle.

In October 1956 R. P. Briggs began fieldwork in the Barranquitas
quadrangle, and he was joined in March 1957 by P. A. Gelabert. Map-
ping was completed in February 1958. The authors were assisted by
A.O. Perry during most of this period. Previously, the area of the
Barranquitas quadrangle was included in reconnaissance geologic maps
made under the auspices of the New York Academy of Sciences during
1915 (Semmes, 1919; Hodge, 1920).

GEOGRAPHY

The Barranquitas quadrangle includes an area of about 183 square
kilometers in the mountainous east-central part of the island of Puerto
Rico. It is bounded on the north by the Corozal quadrangle and clock-
wise from there by the Naranjito, Comerio (Pease and Briggs, 1961),
Cayey (Berryhill and Glover, 1961), Coamo (Glover, 1961), Rio
Descalabrado, Orocovis, and Ciales quadrangles. The Barranquitas
quadrangle includes almost all the Municipio of Barranquitas and parts
of the Municipios of Aibonito, Coamo, Comerio, Orocovis, Narranjito,
and Corozal. There are two towns in the quadrangle, centrally located
Barranquitas, population 4,268 in 1950 (Junta de Planificacién, 1957, p. 5),
from which the quadrangle takes its name, and Aibonito, population
5,126 in 1950, in the southeastern part of the area. The total popula-
tion is about 33,000 (Junta de Planificacién, Mapas de Municipios y
Barrios) or approximately 180 people per square kilometer.

Paved and unpaved roads serve much of the area. The only sections
that have limited access for four-wheel drive vehicles are the area of
high relief in the southwest part of the quadrangle and the valleys of
the Rio Usab6n and the Rio Hondo in the eastern and northeastern
parts.

Locations of specific points within the Barranquitas quadrangle are
referred to a meter grid based on the Puerto Rico coordinate system.
Ticks along the borders of the map are at 2,000-meter intervals.

Three fairly distinct physiographic regions are present in the Bar-
ranquitas quadrangle. The first region, principally in the west-central
and western parts of the quadrangle, has moderately steep slopes and
moderate relief, with elevations that are commonly well above 660
meters and with a maximum elevation of 943 meters at La Torrecilla
(40,960 N; 163,040 E; P. R. meter grid). The second region, best repre-
sented in the eastern part, has elevations between 530 and 660 meters
and is characterized by moderately low to low local relief. This region,
including almost 40 percent of the quadrangle, was called the “First or
Higher Peneplane” (Lobeck, 1922, p. 312-315) but is now referred to as
the “Saint John Peneplane” (Meyerhoff, 1927, p. 214). The third region,
generally lower in average elevation than the second, has moderately
steep to steep slopes and local relief of as much as 400 meters. The
lowest point in the quadrangle, 195 meters above sea level, is on the
Rio Coamo in the southwestern corner of the area.

The Cordillera Central, the high “spine” of Puerto Rico, passes
through the southern part of the quadrangle. The streams north of
this divide flow to the Atlantic Ocean; those to the south flow to the
Caribbean Sea.

STRATIGRAPHY
CRETACEOUS SYSTEM

All the stratified rocks and extrusive igneous rocks exposed in the
Barranquitas quadrangle are believed to be Cretaceous in age. Their
maximum exposed thickness is at least 4,500 meters (14,800 ft), and
possibly as much as 6,200 meters (20,300 ft). This exposed section ig
divided into five broad units, including an informal group and four
formations. The stratigraphic relations of the rocks in the Barran-
quitas quadrangle to named units elsewhere in eastern Puerto Rico are
discussed in a summary report by Berryhill, Briggs, and Glover (1960).

Pre-Robles rocks

A thick sequence of generally massive volcanic rocks that underlie
the Robles formation in east-central and eastern Puerto Rico is inform-
ally called the pre-Robles rocks because no satisfactory eriteria have
been found on which consistent subdivisions and formal nomenclature
can be based. In the Comerio quadrangle (Pease and Briggs, 1961) and
the Cayey quadrangle (Berryhill and Glover, 1961), voleanic rocks about
5,000 meters (about 16,500 ft) thick are stratigraphically beneath the
Robles formation. In the Cayey quadrangle these rocks were tenta-
tively divided into four formations (A, B, C, and D), whereas only two
formations (J and K) have been tentatively defined in the Comerio
quadrangle.

The principal pre-Robles rock types in the Barranquitas quadrangle
are lava and flow breccia, but massive tuffaceous conglomerate and
tuffaceous breccia are common; tuffaceous sandstone and siltstone and
water-laid lapilli tuff occur locally. The lavas are probably intermedi-
ate betwen basalt and andesite.

At least 1,200 meters (3,950 ft.), and possibly as much as 1,800 meters
(5,900 ft.), of pre-Robles rocks are exposed in the Barranquitas quad-
rangle. In the east-central and northeastern parts of the quadrangle
they are coextensive with the upper part of formation K of the
Comerio quadrangle. Most of the pre-Robles rocks in the west-central
part of the quadrangle are probably equivalent to formation K, but
some may be older.

Age.—An ammonite identified by N. F. Sohl of the Geological Survey
as Parapuzosia sp. was found in coarse tuffaceous sandstone approxi-
mately 110 meters below the top of the pre-Robles section (38,660N;
170,230E; P. R. meter grid). He referred it to the early Late Creta-
ceous Coniacian stage. It is probable, therefore, that most of the pre-
Robles rocks in the Barranquitas quadrangle are Late Cretaceous in
age, though some may have been deposited earlier.

Robles formation

The Robles formation was named by Pease and Briggs (1961) in their
report on the geology of the Comerio quadrangle. The type area for
this formation is barrio Robles of the Municipio of Aibonito, a small
part of which is in the southeastern part of the Barranquitas quadran-
gle. The best exposures in the type area are found in roadcuts along
Highway 14 and in the Quebrada Honda in the Comerio quadrangle.

The Robles formation in the Barranquitas quadrangle consists largely
of thin-bedded tuffaceous sandstone and siltstone and water-laid lapilli
tuff. Some extensive intercalated lavas are distinguished as members,
and other discontinuous lava flows erop out north of Barranquitas and
north of the Rio Hondo at the eastern border of the quadrangle. All
these lavas are probably in the basalt to andesite compositional range.
Lenses of tuffaceous breccia and conglomerate and conglomeratic tuff
are also included, particularly in the lower part of the formation south
of Barranquitas. Discontinuous crystalline limestone lenses at or near
the base of the formation are assigned to the Rio Matén limestone
member (Berryhill and Glover, 1961), and chert and jasper form the
base of the formation in a small area southeast of Barranquitas.

The contact between the Robles formation and the underlying rocks
in the Barranquitas quadrangle is apparently conformable, although
occasional discrepancies in attitudes of the rocks on either side of the
contact may indicate local unconformities or, possibly, a slightly angu-
lar regional unconformity. The overall thickness of the Robles formation
in the area of this report ranges from a minimum of about 325 meters
(1,050 ft.) in the area east of Barranquitas to approximately 2,100
meters (6,900 ft.) in the southwestern part of the quadrangle.

There are four members in the formation, the Rio Maton limestone
member, the Lapa lava member, the Cafiabén lava member, and the
Las Tetas lava member. The Rio Matén, Lapa, and Las Tetas mem-
bers are introduced in the report on the geology of the Cayey quad-
rangle (Berryhill and Glover, 1961).

Rio Matén limestone member.—In the northeastern part of the Bar-
ranquitas quadrangle, the Rio Maton lirnestone member, a erystalline
limestone at the base of the Robles formation, crops out on the north
wall of the canyon of the Rio Hondo. Its thickness there ranges from
0 to 35 meters (115 ft). Nowhere else in the quadrangle is limestone
exposed at the base of the Robles formation. However, on Highway
156 immediately east of Barranquitas and on both sides of the canyon
of the Rio Usabén east of Barranquitas, lenses of limestone 20 to 30
meters above the base of the Robles formation are also assigned to the
Rio Maton member. These limestone lenses are as much as 3 meters
(10 ft) thick and overlie calcareous sandstone and siltstone.

Lapa lava member.—The thickest and most widespread lava unit is
the Lapa lava member. The lower part is characterized by complexly
twinned sparse to abundant plagioclase feldspar crystals in a generally
aphanitic but locally erystalline groundmass. The upper part normally
contains augite phenocrysts instead of feldspar. Pillow structure is

common and is well developed in a number of exposures. In the Bar-
ranquitas quadrangle the basal part of the Lapa lava member is com-
monly one-half to two-thirds of the thickness of the Robles formation,
a range of 440 to 1,175 meters (1,450-3,850 ft), above the base of the
formation. It extends from border to border across the southern part
of the quadrangle and is present east of Barranquitas and in the area
just northeast of the Orocovis fault in the north-central part of the
quadrangle. The Lapa lava member is thickest (about 650 meters—
about 2,150 ft) in the southwest-central part of the quadrangle. From
there it thins to the west, east,and north, pinching out north and east
of Barranquitas. Locally the Lapa lava member is split into upper
and lower units by lenses of thin-bedded sandstone and siltstone as
much as 90 meters (295 ft) thick. Thinner and less continuous sand-
stone and siltstone lenses occur at random positions elsewhere in the
member.

Canabén lava member.—The Cafiaboén lava member is herein named
for barrio Cafiabén of the Municipio of Barranquitas northwest of
Barranquitas. It consists principally of augite phenocrysts set in an
aphanitic or finely crystalline groundmass. However, short prismatic
feldspar and fine acicular hornblende(?) occur locally as phenocrysts
and are dominant over augite at some places. This member is best
exposed northeast of the Orocovis fault on the ridges just west of the
boundary between barrio Cafiabén and barrio Barrancas. Its western
limit is against a fault that is parallel to the Orocovis fault. East-
ward it extends past the Rio Caliente where it abuts against another

fault. A lava flow assigned to this member crops out in fault slices
in the vicinity of the Barranquitas stock, but it is not present south of
Barranquitas. Itis possible, however, that the Cafiabén lava member
may be equivalent to the Las Tetas lava member. The discontinuous
lava stratigraphically beneath the Cafiabén member in the area north of
Barranquitas are similar in appearance and composition to the Cafiabén
member. In barrio Cafiabén the Cafiabén member is about 200 meters
below the top of the Robles formation and may be about 650 meters
stratigraphically above the Lapa lava member though this thickness
may be less because of possible repetition of section by undetected
faulting. The Cafiabén lava member ranges from 10 meters (33 ft)
to 60 meters (200 ft) in thickness.

Las Tetas lava member.—Lava flows of heterogeneous composition
and appearance, but similar stratigraphic position, are assigned to the
Las Tetas lava member. They are abundantly porphyritic, and the
generally very finely crystalline groundmass is dark greenish gray in
most exposures. Augite, lathlike plagioclase feldspar, short prismatic
plagioclase feldspar, and complexly twinned feldspar (similar to that
in the Lapa lava member) occur as phenocrysts in different outecrops.
Locally the Las Tetas member is amygdaloidal or vesicular. This
member appears only near the southern margin of the quadrangle, and
even there it is absent in much of barrios Asomante and Pulguillas. It
has not been recognized in the areas north and east of Barranquitas,
but may have its equivalent in the lower part of formation L overlying
the Robles formation in these areas, or possibly in the Cafiab6n mem-
ber of the Robles formation. It ranges from 0 to 80 meters (260 ft.)
in thickness. Its stratigraphic position is from 130 to 400 meters above
the top of the Lapa lava member, and from 50 meters to 410 meters
below the top of the Robles formation. However, the great range of
the last-given interval may be due to overlap by the Cariblanco for-
mation.

Age.—The Coniacian age assigned to the upper pre-Robles rocks and
the Campanian or Maestrichtian age assigned to the stratigraphically
higher Coamo formation place the Robles formation in the middle of
the Upper Cretaceous.

Formation L

Formation L is informally named L, because of the preliminary nature
of this report and the likelihood that a more representative type area
may be found in adjacent quadrangles as yet not mapped.

The dominant rock type of formation L is dark-bluish-gray to dark-
greenish-gray basaltic andesite lava with augite phenocrysts set in an
aphanitic groundmass. In some outcrops, however, short prismatie
plagioclase crystals as large as 20 mm. in length are the dominant
phenocrysts. Pillow structure is common, although it is locally absent.
Amygdules and vesicles are common in the distinctly pillowed lavas.
Thin lenses of tuffaceous sandstone and siltstone occur at apparently
random positions within the formation, but are most common near the
base. A discontinuous limestone member is locally very fossiliferous.
Flow breccia occurs in some exposures.

A sample taken from an outcrop of flow breccia in a roadcut near
the top of the formation (45,290 N; 168,290 E; P. R. meter grid) was
analyzed chemically by D.F. Powers of the Geological Survey. The
weight percentage analysis with calcite removed and the remainder
recalcuated to 100 percent is: Si0 =50.08 percent; Al 0 =14.81;
Fe 0 =5.60; Fe0=4.62; Mg0=6.41; Ca0=8.11; Na 0=3.48; K 0=1.7T;
HO-=100; HO0+=290; TiO =0.68; P O =0.35; Mn0=0.19 percent.
The calculated norm of this analysis is: plagioclase (Ab An )=52.6
percent; K-feldspar=11.0; pyroxene=27.6; olivine=0.9; magnetite=6.1;
ilmenite=1.0; apatite=0.8 percent. Although the norm indicates that
the contained plagioclase is medium andesine, the relatively low silica
content (50.08 percent) is more normal in basaltic rocks. On the basis
of this analysis, all lavas and flow breccias in formation L are
tentatively designated basaltic andesites.

The overall thickness of formation L ranges from about 900 meters
(2,950 ft) to possibly more than 1,300 meters (4,300 ft). Two units in
the formation, the limestone unit and the tuffaceous sandstone and
siltstone unit, are defined in this report. The limestone unit is discon-
tinuous and is overlain by the tuffaceous sandstone and siltstone unit.
The thickness of formation L below these units ranges from 280 to 600
meters (920 to 1,950 ft), whereas the thickness above the tuffaceous
sandstone and siltstone unit is from 160 to possibly as much as 640
meters (530 to 2,100 ft).

Formation L crops out in most of barrio Quebrada Grande of the
Municipio of Barranquitas and in and adjacent to the much faulted belt
that extends from the Rio Hondo to the western border of the quad-
rangle. Rocks in the extreme northeastern part of the quadrangle
north of the Rio Hondo are also assigned to formation L, although
rocks north of the Quebrada Vicente fault in the quadrangle to the
east, the Comerio quadrangle (Pease and Briggs, 1961), were tentatively
assigned to formation K (pre-Robles rocks). Mapping of areas to the
north of the Barranquitas and Comerio quadrangles has confirmed the
formation L designation for these rocks (M. H. Pease, Jr., oral commu-
nication). Tentatively, that part of the formation beneath the
limestone unit may be in part correlative with the Las Tetas lava
member of the Robles formation, the two units may be correlative with
a limestone unit and associated sandstone and siltstone that crop out
above the Las Tetas member in the northwestern part of the Cayey
quadrangle (Berryhill and Glover, 1961), and the upper part of forma-
tion L may be equivalent to lava flows that crop out locally at the base
of the Cariblanco formation in the Coamo quadrangle (Glover, 1961).
Formation L is the westward extension of formation L in the north-
western part of the Comerio quadrangle (Pease and Briggs, 1961).

Limestone unit.—The limestone unit typically occurs in barrio Bar-
rancas of the Municipio of Barranquitas in the north-central part of
the Barranquitas quadrangle, at the Falcon quarry (44,170 N; 164,110 E;
P.R. meter grid ). The unit is principally medium-dark-gray to grayish-
black crystalline limestone that is very fossiliferous at a number of
places. It occurs in lenses with a maximum thickness of 60 meters
(200 ft) along the north side of the Quebrada El Gato fault and in fault
slices in the upper part of the Rio Hondo valley. Two minor limestone
occurrences south of the Rio Hondo in the northeastern quarter of the
quadrangle are also assigned to the limestone unit.

Tuffaceous sandstone and siltstone unit.—The type locality, and
apparently the thickest section, of this unit is along a rural road that
parallels the Rio Grande de Manati on its west side north of the Que-
brada El Gato fault. Its principal constituents are tuffaceous sand-
stone and siltstone and water-laid lapilli tuff. It is present in fault
slices in the area bounded by the Quebrada El Gato and Rio Hondo
faults east of the Rio Grande de Manati. It also crops out in poorly
defined bands north and south of the Rio Hondo. Its general range of
thickness is from 30 meters (100 ft) to a maximum in the Rio Grande
de Manati of about 320 meters (1,050 ft), although it is locally absent.
The tuffaceous sandstone and siltstone unit overlies the limestone unit
lenses where they are present, and its position roughly marks the mid-
dle of formation L. Loecally it interfingers with lava flows of forma-
tion L.

Age.—Formation L overlies the Robles formation of Late Cretaceous
age in the northern part of the Barranquitas quadrangle; it is older
than the Coamo formation that has been assigned a Late Cretaceous
age. Therefore, formation L is also assigned a Late Cretaceous age.

Cariblanco formation

The type area of the Cariblanco formation is in the Coamo quadran-
gle (Glover, 1961). In the Barranquitas quadrangle it crops out along

the southern border; and rocks that lie along the northern border are
tentatively assigned to the Cariblanco formation. The dominant rock
type in the southern part of the Barranquitas quadrangle is tuffaceous
conglomerate containing lava cobbles as large as 20 em. in diameter.
In places the conglomerate is crudely stratified, and at a number of
places it contains bedded tuffaceous sandstone and siltstone. In the
northern part of the quadrangle tuffaceous sandstone and breccia are
the most common rock types in the strata that may be equivalent to
the Cariblanco formation, although tuffaceous siltstone, water-laid
lapilli tuff, and tuffaceous conglomerate crop out at many places. In
the northeasternmost exposures, some lava is present. In the southern
part of the quadrangle the formation has a maximum thickness of
about 400 meters (1,300 ft), whereas the thickness of rocks tentatively
assigned to the Cariblanco in the northern part of the quadrangle is
probably more than 480 meters (1,600 ft).

In the northern part of the quadrangle strata tentatively assigned
to the Cariblanco formation rest conformably upon rocks of formation
L; however, in the southern part of the quadrangle the Cariblanco for-
mation may rest unconformably on strata of the Robles formation.
This possible unconformity is indicated in the southwestern part of the
quadrangle by an apparent thinning of the Robles formation above the
Las Tetas lava member northeastward by as much as 100 meters per
kilometer. This thinning may have been caused by post-Robles erosion
prior to the deposition of the Cariblanco, although no unconformity
was observed in the area.

Age.—No fossils have been recovered from the Cariblanco formation
in the Barranquitas quadrangle. However, it overlies the Robles for-
mation of Late Cretaceous age in the southern part of the quadrangle,
and is beneath the Coamo formation of Late Cretaceous age in the
Coamo quadrangle (Glover,1961). Thus, it too is Late Cretaceous
in age.

Coamo formation

The type area of the Coamo formation is in the Coamo quadrangle
(Glover, 1961). In the Barranquitas quadrangle exposures are
limited to the graben bounded by the Rio Hondo fault on the south and
the Quebrada El Gato fault on the north. Although about 1,000 meters
(3,300 ft) of the Coamo formation are exposed, neither the top nor the
bottom of the formation is exposed in the Barranquitas quadrangle.

In the Barranquitas quadrangle the most prevalent rock type is tuf
aceous breccia, but tuffaceous conglomerate and sandstone are com
mon, and fine tuffaceous breccia containing sandstone fragments occurs
in some outerops. Most of the rocks in the Coamo formation have a
distinctive grayish-red-purple appearance after slight to moderate
weathering.

Two members of the Coamo formation are recognized in this area,
the Botijas limestone member and the overlying La Revés member.
At least 225 meters (750 ft) of the Coamo formation are present be-
neath the Botijas member, whereas there may be as much as 500
meters (1,600 ft) of the Coamo formation above the La Revés member.

Botijas limestone member.—The Botijas limestone member is herein
named for its exposures in barrio Botijas of the Municipio of Orocovis
near the northwestern corner of the Barranquitas quadranglé. It crops
out from there eastward to the point where it is cut off by the east-
trending Rio Hondo fault. The Botijas member consists principally of
massive crystaliine limestone and calcarenite, but loeally contains
lenses of limestone conglomerate. The erystalline limestone is com-
monly fossiliferous, but the fragmental limestone is commenly barren
of fossils. Some of the limestone contains conspicuous amounts of silt
and clay, and at a few places the Botijas member is split into two units
by lenses of sandstone and fine sedimentary breccia that are too thin
to be shown on the geologic map. The thickness of the Botijas mem-
ber ranges from about 25 to 140 meters (about 80 to 450 ft).

La Revés member.—The type locality of the La Revés member is
-here defined as the series of outerops on and near the road between
barrio Barrancas and barrio Botijas in the drainage of the Quebrada
La Revés just east of the village of Botijas. It is named for the Que-
brada La Revés. The La Reves member consists princ¢ipally of thin-
bedded sandstone, but calcirudite anc limestone conglomerate are com-
mon. Thin lenses of crystalline limestone occur at random positions
within this member. The La Revés member ranges from 30 meters to
possibly as much as 250 meters (100 to 800 ft) in thickness.

Age.—Fossil collections were made at four localities in the Coamo
formation by N. F. Sohl of the U. S. Geological Survey. The first lo-
cality (USGS Mesozoic collection 26,801) is within the Botijas limestone
member about 1.1 kilometers south-southwest of the village of Botijas

(44,540 N; 158,710 E; P. R. meter grid). The second locality (USGS
Mesozoic collection 26,802) is also in the Botijas member and is on the
highway about 0.54 kilometer west of Botijas (45,550 N; 158,880 E; P. R.
meter grid). The third locality (USGS Mesozoic collection 26,803) is on
the first bench above the road at about the same point as the second
locality. The fourth locality (USGS Mesozoic collection 26,798) is about
1.9 kilometers east-southeast of Botijas (44,725 N; 161,000 E; P. R.
meter grid). At this place fossils were collected from the top of the
Botijas limestone member and from a limestone conglomerate in the
lower 15 meters of the La Revés member.

According to Sohl (written communication, March 19, 1958), the
presence of Anomia cf. A. ornata Gabb at the first locality and of
Pholadomya sp. at the second locality is significant because these
forms occur in formations that are in the uppermost part of the Creta-
ceous system on the Gulf Coast of the United States. These formations
are generally concluded to be Maestrichtian in age. At the fourth
locality were found specimens of Praebarrettia sparcilirata, definitely
indicating a Maestrichtian age, and Titanosarcolites sp., Barrettia
monilifera Woodward, Barrettia cf. Barrettia monilifera Woodward,
Durania ef. Durania nicholasi Woodward, and other rudistids were
common to all four localities. Gastropods, other pelecypods, sponges,
and corals were also found. Sohl concluded that there was little strat-
igraphic difference between the four localities and that the age of the
rocks was most likely Maestrichtian.

Sohl noted that limestone lenses in the upper part of the La Reves
member bear a strong resemblance to Eocene limestone in the southern
part of Puerto Rico (Hodge, 1920, p. 193-194). However, no evidence
has been found to support this observation, so that all of the Coamo
formation in the Barranquitas quadrangle is here assigned a Late Cre-
taceous age. Stratigraphic (Glover, 1961), structural, and paleontologic
evidence place the Coamo formation stratigraphically above the
Cariblanco formation and at or near the top of the Cretaceous system
in east-central Puerto Rico.

INTRUSIVE IGNEOUS ROCKS

Hornblende diorite and diorite porphyry.—Hornblende diorite com-
posed of plagioclase feldspar and acicular hornblende is the most wide-
spread of the intrusive igneous rocks in the Barranquitas quadrangle.
Its largest exposures are in the Coamo Arriba stock and the Quebrada
Monteria stock, but small bodies are present in the north-central part
of the quadrangle, in the Rio Hondo, and in a small western tributary
of the Rio Grande de Manati. Dikes of augite diorite porphyry are
associated with the hornblende diorite in the southwest part of the
quadrangle. These small dikes occur both within and outside the limits
of the large stocks, and make up perhaps one-fourth of the mass of the
stocks. Within the stocks, however, hornblende diorite and diorite
porphyry are not differentiated on the geologic map. Diorite porphyry
dikes also are present in the east-central part of the quadrangle.

Diorite and (or) gabbro.—In the extreme southeastern part of the
quadrangle a number of small intrusive bodies with apparently high
ferromagnesian mineral content may be gabbroic in composition. The
principal minerals present in these rocks are plagioclase feldspar,
augite, and hornblende. However, these rocks are termed diorite and
(or) gabbro here because the brief petrographic study that has been
made does not warrant a definite name.

Quartz porphyry.—The Barranquitas stock and the small body to the
north of it consist primarily of quartz porphyry formed mostly of
dipyramidal quartz phenocrysts in a light-colored groundmass that is
probably composed chiefly of clay minerals. Relict outlines of horn-
blende(?) crystals are visible locally in the groundmass. The Barran-
quitas stock also includes some masses of altered country rock, but
these are not distinguished on the geologic map. Small outerops and
float of somewhat chloritized quartz-hornblende diorite are present
near the margins of the Barranquitas stock. The probably complex
southern and eastern borders of the Barranquitas stock are indefinite,
because the contact relationships are concealed by clayey residuum.

Sills.—The Honduras diorite sill is principally composed of plagio-
clase feldspar and hornblende. It is located in the east-central part of
the quadrangle and is, for most of its outcrop, conformable to the
bedding in the Robles formation in which the sill occurs, but has an
apparent crosseutting relationship in the disturbed area near its east-
ernmost exposures. The sill extends laterally for about 2 kilometers,
but its extent downdip is unknown. The Honduras sill is about 250
meters below the base of formation L, and its lower contact is from

150 to 300 meters above the base of the Robles formation; its maxi-
mum thickness is about 160 meters (550 ft).

Two thin porphyritic augite andesite(?) sills are present in the
Robles formation in the Barranquitas quadrangle. South of the Rio
Usabén between the Quebrada Alicia fault and the Llanos fault one
thin sill has a lateral extent of about 200 meters, a maximum thickness
of about 3 meters (10 ft), and it lies about 120 meters beneath the
Lapa lava member of the Robles formation. The second porphyritic
augite andesite(?) sill, about 600 meters south of Barranquitas, is of
similar thickness and lateral extent and lies about 200 meters above the
base of the Robles formation.

Dikes.—Discontinuous dikes occur at a number of places in the quad-
rangle, especially in the area just south of Barranquitas. They gener-
ally consist of augite phenocrysts in a dark-bluish-black aphanitic
matrix, but some are more coarsely crystalline and are gray. The
composition of these dikes is probably between that of a basalt and
that of an andesite. The positions of these dikes are apparently all
controlled by faults or joints.

Age.—The intrusive igneous rocks in the Barranquitas quadrangle
are certainly younger than the Cariblanco formation and most probably
are younger than the Coamo formation. Moreover, it is believed that
they are almost contemporaneous and genetically related to the rocks of
the San Lorenzo batholith in eastern Puerto Rico. Zircon age determina-
tions of two samples from the batholith by H. W. Jaffe of the U.S.
Geological Survey give ages of 51 + 10 million years and 56 + 11 million
years (written communication, H. W. Jaffe, April 19, 1955). These
indicate emplacement in Late Cretaceous or, more likely, early Eocene
time.

METAMORPHIC ROCKS

Hydrothermally altered rocks.—Hydrothermally altered rocks crop
out in at least four areas in the Barranquitas quadrangle. The largest
area is adjacent to the southern and eastern boundaries of the Barran-
quitas stoek. In this area rock types grouped under the map symbol
pga are generally obscured by a thick clayey residuum, but the most
prevalent is probably pyrite-sericite quartzite. Although not exposed,
lava and sandstone that show various degrees of replacement and rock
that may have been hornblende diorite prior to alteration occur as float.
The hydrothermal solutions active in the replacement of the rocks in
this area probably emanated from the magma that formed the Barran-
quitas stock.

Two bodies of hydrothermally altered rocks, which are principally
composed of white to grayish-red-purple quartz and kaolinite, are
associated with the hornblende diorite intrusive bodies in the south-
western part of the quadrangle. The westernmost outerop is wholly
within the Coamo Arriba stock, and the other area is at the west end of
the small hornblende diorite stock on Cerro El Pico. The rocks prob-
ably were altered concurrently with the last stages of emplacement of
the intrusive bodies.

In the north-central part of the quadrangle, between the Quebrada
El Gato fault and the Rio Hondo fault is a small area whose dominant
constituent is hydrothermal quartzite associated with some kaolinitic
clay.

Other small areas within the Barranquitas quadrangle contain rocks
whose appearance suggests possible action by hydrothermal solutions:
on the northern border of the quadrangle in an area bounded by faults
most of the outeropping rock is quartz vein material; along Highway
143 southwest of Barranquitas some outcrops of the Robles formation
are white to grayish-red-purple, similar in color to quartz-kaolinite
altered rocks; and in the west-central part of the quadrangle an area
of tripoli may be underlain by rocks of the Robles formation that have
been silicified by hydrothermal solutions.

Rocks subjected to low grade metamorphism.—In the northeastern
part of the quadrangle, to the north of and in the Rio Hondo valley,
there are rocks, mostly lava flows, that have apparently undergone
moderate metamorphism. These rocks, which are tentatively assigned
to formation L and the pre-Robles rocks, contain secondary pyrite and
some ferromagnesian minerals that have been altered to chlorite. This
area contains many quartz veins as well. Slight metamorphism is evi-
dent in many of the rocks elsewhere in the quadangle.

SURFICIAL DEPOSITS

Terrace deposits at levels higher than present stream action.—In the
valleys of the Rio Usabén, the Rio Hondo, and the Rio Coamo, and in
areas just to the east and southeast of Barranquitas small sand and
gravel deposits form terraces at levels well above the range of present
stream action. The rapid incision of the streams in these areas sug-
gests that these deposits are no older than early Recent.

Alluvium, flood plain deposits, and low level terrace deposits.—At
many points in river and stream valleys of the Barranquitas quadrangle
much alluvium occurs in the channels, and flood plains have formed.
The channel alluviumis generally above water level except after periods
of h2avy rain when adjacent flood plains are also likely to be in part in-
undated. At a number of places adjacent to and interfingering with the
flood plain deposits are low-level terrace deposits that include some
debris from earth flows and avalanches as well as alluvial sand, gravel,
and clay.

Deposits of debris resulting from earth and rock flow and debris
avalanche.—Earth and rock-flow debris and the deposits of debris ava-
lanches occur at many places in the quadrangle. Most earth and rock
flows are sheet-like deposits on relatively gentle slopes, whereas most
debris avalanches occur on steep slopes and usually are restricted to
narrow tracks. However, the deposits are generally of limited extent,
and composites of the two types are common. Accordingly they are
not separated and only the larger deposits are shown.

Landslide deposits.—Four landslide blocks are shown on the geologic
map; one in the valley of Quebrada Higuero, one in the vicinity of the
Fale6n quarry in barrio Barrancas, one on the north side of the Rio
Usaboén in the east-central part of the quadrangle, and one in the south-
central part of the quadrangle. At the first and fourth localities the
deposits resulted from slump of coherent masses of weathered voleanic
rock; at the second place a large section of the limestone unit of for-
mation L has slid down as a generally coherent mass; and at the third
locality lava and (or) flow breccia of pre-Robles age has slumped.
Landslide or slump blocks are common in areas of steep slopes and
moderate to deep weathering in the Barranquitas quadrangle, but most
of these blocks are too small to show at the scale of the geologic map.

WEATHERING

In the Barranquitas quadrangle the usual color of moderately weath-
ered rocks on gentle to moderate slopes is pale brown or tan. Even
with moderate weathering, rock types are generally recognizable be-
cause some primary features remain on weathered surfaces. Thin-
bedded siliceous sandstone and siltstone tend to break down into small
blocks that are essentially unweathered except for an outer covering
of pale brown iron oxides. Locally in other rock types, relatively fresh
residual boulders remain. On relatively flat areas overlying permeable
rocks, a fairly thick mantle of pale-tan to chocolate-brown soil may be
present. The usual weathering depth averages about two meters,
although the range is great, depending on rock type and permeability.
Rocks of the Coamo formation are generally more friable than other
rocks in the quadrangle and become pale grayish-red-purple with slight
to moderate weathering.

Lateritic weathering.— Lateritic soil and saprolite mantle about 156
square kilometers of the Barranquitas quadrangle (Briggs, 1960).
Its average thickness is probably at least 3 meters, but in the north-
eastern part of the quadrangle its maximum thickness may be more
than 10 meters. Most of this deeply weathered material occurs at
elevations between 540 and 640 meters, that is, on the surface of the
Saint John peneplain, although lateritic soils occur at other elevations
as well. The following study shows that the residual soil on the Saint
John peneplain is the result of laterization. A sample of saprolite, the
relict texture of which showed that it was weathered flow breccia, was
collected from material just above the point at which the flow breccia
described under formation L. was sampled. The analysis of this weath-
ered sample is by weight percentage: Si0,=238.12 percent; ALO, =22.59;
Fe,0,=17.20; FeO=0.36; Mg0=1.18; Ca0=0.00; Na20=0.QB; K,0=181;
H;0 — =7.24; H,0+ =9.81; TiO,=1.04; CO,=0.04; P,0,=0.16; MnO=0.04
percent (D. F. Powers, anaylst). Comparison with the analysis of the
fresh flow breccia indicates that weathering produced the following
significant differences: a decrease in Si0,, MgO, and Na,O; the disap-
pearance of Ca0; an increase in A1,0,, total iron oxides, and free and
combined water; and transformation of most of the iron from a diva-
lent to a trivalent state. The lateritic soil and saprolite on the Saint
John peneplain is dark reddish-brown to brick red when wet, whereas
the deeply weathered material at higher levels tends to be more nearly
chocolate brown.

Laterization probably was a widespread feature on the Saint John
peneplain during early Miocene time (Briggs, 1960), but uplift since
that time has caused the rate of erosion (mechanical weathering) to
exceed the rate of laterization (chemical weathering) in most of the
area so that laterization today is most likely restricted to remnants of
the peneplain.

Weathering to tripoli.— A deposit in the west-central part of the quad-
rangle on the border between the Municipios of Orocovis and Barran-
quitas has as its dominant constituent finely divided silica. This pow-
dery material, identified as tripoli, is apparently a residuum from
silica-rich and iron-poor siltstone and sandstone of the lower part of
the Robles formation. The deposit is at least 1 meter and perhaps as
much as 4 meters thick and may be more extensive than shown on the
geological map.

Gossan.—A small body of gossan has formed in the pyrite sericite
quartzite area south of the Barranquitas stock. The dominant constit-
uents of this material are hydrous iron oxides, but also included are
fragments of altered rock. Areas of gossan too small to be shown on
the geologic map are present in the south-central part of the Barran-
quitas stock.

STRUCTURE

The broad east-trending Amoldadero anticline, axis of the Puerto
Rican anticlinorium, is the dominant structural feature of the Barran-
quitas quadrangle. The axis of the anticline is well defined east of
Barranquitas (cross section F-F’), but west of Barranquitas it is ob-
scured by faulting (cross section B-B’). It is outlined by a north-
northwest-trending core of pre-Robles rocks overlain by strata of the
Robles formation. The westward plunge of the Amoldadero anticline
is shown east of Barranquitas where Robles strata wrap around the
nose of the anticline; west of Barranquitas its plunge is apparently
more gentle than it is to the east.

Superimposed upon this anticline is a complex fault pattern.
Igneous bodies of probable early Eocene age were emplaced, for the
most part, in zones of weakness established by this faulting; and the
intrusion of these igneous bodies represented the waning stage of the
orogeny that produced the folding and faulting. The only intrusive
body in the Barranquitas quadrangle that is offset by faulting is the
Honduras sill, but in the Comerio quadrangle (Pease and Briggs, 1961)
and elsewhere intrusive bodies cut by faults indicate that the period of
intense faulting and the period of intrusive emplacement overlapped.

Principal faults in the southern two-thirds of the quadrangle are the
Orocovis, Llanos, Pulguillas, Quebrada Alicia, Rio Usabén, and Rio de

Barranquitas faults. All except the Rio de Barranquitas fault trend
generally northwestward. They are accompanied by parallel secondary
faults. Some of the northwest-trending faults are offset by east- and
northeast-trending faults, the most important of which is the Rio de
Barranquitas fault. All faults in the southern two-thirds of the quad-
rangle are either vertical or high angle reverse. Movement along these
faults is belived to have been largely vertical, but probably some trans-
current movement occurred as well, especially along the Orocovis and
Llanos faults. These two faults may be connected, but because of severe
distortion and alteration of rocks near the Barranquitas stock, their
continuity is obscured.

Vertical displacement of the rocks across most of the major faults
is more than 500 meters (1,650 ft.). The maximum vertical displace-
ment in the quadrangle is at least 2,500 meters (8,200 ft.) along the
Orocovis fault (cross section A-A").

Traversing the northern third of the quadrangle is a wide east-
trending fault zone in which the principal movement was transcurrent;
rocks north of the zone apparently moved westward relative to those
to the south. Lateral movement may have been 4 kilometers (2.5 miles)
or more. Vertical displacement possibly exceeding 2,000 meters (6,600
ft) accompanied the transcurrent movement in the western part of the
fault zone. There, in a graben bounded on the south by the Rio Hondo
fault and on the north by the Quebrada El Gato fault, rocks of the
Coamo formation are in contact with rocks of formation L to the south
and with rocks of formation L and strata tentatively assigned to the
Cariblanco formation to the north.

The Quebrada Vicente fault crosses the extreme northeastern part
of the Barranquitas quadrangle. Both horizontal and vertical move-
ment probably occurred along this fault, but the direction and magni-
tude of horizontal movement is not known. The apparent vertical
displacement is at least 400 meters (1,300 ft). Other faults north of
the Rio Hondo-Quebrada El Gato fault zone also show movement which
was vertical and (or) transcurrent.

The Amoldadero anticline is the only major fold in the quadrangle.
Most minor folds are due principally to drag and compression along
faults, but strata of the Robles and Cariblanco formations in the south-
western part of the quadrangle are warped upward on the east, south,
and west sides of the area encompassing the Coamo Arriba and Que-
brada Monteria stocks, probably as a result of forceful intrusion by
these bodies.

ECONOMIC GEOLOGY
MINERAL DEPOSITS

Copper (Cu) and Gold (Au).—Copper minerals are common at many
places in the northern part of the Barranquitas quadrangle, especially in’
the northeastern part in the valley of the Rio Hondo between the eastern
border of the quadrangle and the confluence of the Rio Frio and the
Rio Caliente. Here the minerals malachite (Cu,(OH),CO,), azurite
(Cuy(OH)4(COy),), chrysocolla (CuSiO;. 2H,0), chalcocite (Cu,S),
chalcopyrite (Cu FeS,), and bornite (Cu,FeS,) occur in outecrops and
prospect pits, some of which are shown on the geologic map. The Rio
Hondo mineral occurrences are near and in the Rio Matén limestone
member of the Robles formation and the limestone unit of formation L
as well as in moderately sheared and locally chloritized lava and flow
breccia of pre-Robles rocks and formation L. Malachite and chryso-
colla(?) occur in an outcrop on the north side of the Rio Usabén south-
east of Barranquitas, and malachite and enargite (CuzAsS) (?) occur in
an outcrop about 1 kilometer northwest of La Torrecilla. Geologists
for a private firm report chalcocite and chalcopyrite in the vicinity of
the Barranquitas stock, and loecal inhabitants say that copper minerals
occur near the graben formed by the Quebrada El Gato and Rio Hondo
faults in the northwestern part of the quadrangle. Except for the
occurrences near La Torrecilla and the Barranquitas stock, no copper
minerals were observed or reported southwest of the Orocovis and
Llanos faults.

According to the Puerto Rico Bureau of Mines (1941, p. 36-37) 4 tons
of copper ore (presumably handpicked) were sent from the Rio Hondo
area to the continental United States for testing purposes, but no
assay is given for this shipment. It is stated that the value of the
sample was similar to but somewhat less rich than another sample sent
from near Ciales, P. R. which yielded 9.62 percent of copper and
28 ounces of silver per ton. Although a lesser copper and silver con-
tent was found in the Rio Hondo shipment than in the Ciales sample,
reference was made to a gold content in the Rio Hondo ore that “is the
most encouraging feature.” However, present information is insuffi-
cient to estimate the potential mineral value of this area.

The Barranquitas stock has many features commonly associated with
the “porphyry copper” deposits of the United States. A.M. Bateman
(1942, p. 484-6) states, “The porphyry coppers are all closely associated
with intrusions of monzonite, quartz monzonite, or diorite porphyry of
Mesozoic or early Tertiary age. These are stocks or chonoliths a few
thousand feet across and of irregular shape, which have entered along
major tectonic breaks. All are bared by erosion. The ore occurs in
their upper or outer crackled parts or in the intruded rocks. They have
been largely altered by an early phase of mineralization and are largely
converted to sericite and chlorite with minor silicification; the dark
minerals have disappeared, the outlines of the feldspars are commonly
indistinguishable, and the rock is bleached to a creamy color. Super-
imposed upon this hypogene alteration is a supergene kaolinization,
which extends as deep as the supergene sulphides.”

Most of these general criteria fit the Barranquitas stock and the
adjacent altered rocks except for the degree of silicification and the as
yet unknown position of the ore, if present. The presence of a gossan
is also an encouraging sign, as are the general leached nature of the
rocks and the reported presence of chalcocite and chalcopyrite. How-

ENGINEERING GEOLOGY

ever, J. C. Hamilton of the Geological Survey reports only low copper
values by semiquantitative spectrographic analysis of three samples
from this area. These samples collected from float of altered intru-
sive rock from the Barranquitas stock show copper percentages of 0.015,
0.003, and 0.07 at, respectively, 800 meters, 675 meters, and 625 meters
north of the east end of the gossan. The copper occurrences north of
the Rio Usabon and northwest of La Torecilla are of interest in rela-
tion to the copper possibilites of the Barranquitas stock as they are
near the Orocovis and Llanos faults which are “major tectonic breaks”
as specified by Bateman.

A blanket of lateritic soil, which is reportedly gold-bearing, overlies
the southeastern part of the Barranquitas stock and much of the pyrite-
quartz-sericite rock. The Puerto Rico Bureau of Mines' report for the
1939 to 1941 fiscal years (1941, p. 8) states that this area was drilled
“by approved methods” and that “nearly one million cubic yards of
work able gravel” (presumably auriferous) had been “developed by a
company”’, reportedly the Compaifiia Au-Ag de Borinquen with head-
quarters in San Juan, P. R. Some trenching was done as well,
and some of the pits are shown on the geologic map as prospects. The
report further states that the principal difficulty in developing this
deposit was in disintegrating the clay. Experimental equipment was
set up and used, and “the results were so satisfactory that a plant
for the required production was designed.” Despite this success, it is
stated that “the capital was not forthcoming and the project was aban-
doned.” Unfortunately no assays are quoted.

According to the Puerto Rico Bureau of Mines report (1941, p. 15) an
adit was driven in the Barranquitas stock area by order of the Com-
mittee on Mineral Resources of Puerto Rico. This adit was in a vein
“5 to 6 feet wide” that was traced for 1,000 feet by trenching. The
following assays were reported: at the entrance to the adit, 0.44 ounce
of gold per ton; at “several of the pits”, about 0.25 ounce of gold per
ton; and for “the greater number of samples”, 0.10 ounce of gold per
ton, or less. The location of this adit is not known. It was probably
in the south-central part of the Barranquitas stock because the scars
of pits and trenches are visible there. The abandoned adit that is shown
on the geologic map may be another adit that is mentioned in the Puerto
Rico Bureau of Mines report. Residents of the area near this adit
reported values of normally $8 and a maximum of $14 per ton for the
material from this abandoned mine.

The historical data on the Barranquitas stock area combined with
the results of the present study suggest that the area is worth further
study for both copper and gold. During the latter part of 1958, the
period in which this report was completed, a mining firm was conduct-
ing a systematic geochemical prospecting program in the Barranquitas
stock and adjacent rocks. Definite results were not available although
the area was termed encouraging, particularly in respect to gold. Some
test drilling was contemplated.

In the southern headwaters of the Rio Caliente, north of th Barran-
quitas stock, placer gold reportedly was mined in the late 1930’s at
about the same time that the Barranquitas stock area was being pros-
pected for gold. Small dams built to store water for sluicing opera-
tions and some partly caved-in pits remain from this operation. No
information is available concerning the value of the gold removed or
how long the site was worked. These deposits probably were derived
from nearby small altered and unaltered hornblende diorite bodies.

Lateritic material.—In the Barranquitas quadrangle 15 square kilo-
meters are underlain by lateritic material, shown by red-dot over-
print on the geologic map. Assuming a conservative average depth of
2 meters and constant alumina and iron oxide composition the area
contains at least 75 million tons of lateritic material of which about 13
million tons is iron oxide and about 17 million tons is alumina. About
one-third of these estimated tonnages is in the northeastern part of the
quadrangle, north of the Rio Hondo. However, the weight percentages
of alumina (22.59) and iron oxides (17.56) in the analysis of lateritic
saprolite included under the section on lateritic weathering indicate
that the alumina content is too low to be used as a source of aluminum
(the bauxite ores being worked today are 40 percent Al,Ozor more),
and the iron oxide content is also too low to be utilized as a source of
iron (under present economic conditions laterite ores must have more
than 40 percent of iron). Therefore, the lateritic soils and saprolites
in the Barranquitas quadrangle have no commercial value at this time,
except for possible use in rough ceramics.

OTHER DEPOSITS OF ECONOMIC INTEREST

Tripoli.—The tripoli deposit near the west-central border of the
quadrangle, which is shown by a red-line overprint on the map, has an
area of at least 6 hectares. Assuming an average depth of 1 meter for
this deposit a conservatively estimated 150,000 tons is present. Pre-
liminary tests show that this deposit is almost all silica, but further
tests should be made to determine accurate percentages of constituents.
Material from this deposit may be used as an abrasive with little treat-
ment and should be tested for possible utilization in ceramics, as filler
in the manufacture of paint, as a cleanser, and as a possible silica-type
insecticide.

Jasper.—At the base of the Robles formation southeast of Barran-
quitasis a deposit of highly siliceous material, some of which is jasper.
The extent of this deposit downdip is unknown, but it seems likely that
at least 80,000 tons of jasper or jasperlike material is present in the
area. Jasper is used in jewelry and for other small-scale decorative
work, but probably only very small quantities of the material in this
deposit are of gem quality. The major constituents of jasper are quartz
(as chert or chalcedony) and hematite (Fe,0,).

Marble.—All the crystalline limestones in the Barranquitas quadran-
gle are classed as commercial marble because of their ability to take
and keep a polish. However, only at the type locality of the limestone

unit of formation L, and in its vicinity, does there appear to be any
possibility of profitable commercial exploitation as marble. At this
place the fossils show as pale-gray figures in the dark-gray to black
mass of the limestone, forming an attractive rock. The rock is generally
unfractured so that large pieces probably can be removed. The entire
thickness of the member at this place is probably not all of this quality,
and the lateral and downdip extent of this “black marble” is not known.
A rough estimate of the volume of the black marble available in this
vieinity is about 100,000 cubic meters.

WATER RESOURCES

All rivers and larger streams in the Barranquitas quadrangle are per-
ennial and many of the small streams carry water most of the year. The
volume of surface water is more than sufficient to satisfy the needs of
the rural population in the area, but unfortunately this water is gener-
ally polluted. The Rio de Barranquitas and probably many other rivers
and streams support the snails that are intermediate hosts in the para-
sitic disease commonly called “bilharzia” (Schistosomiasis) which is
seriously debilitating, and very prevalent. As a rule, it is advisable to
use only the public water supply. At Barranquitas the public supply
system is derived from a stream north of the town, whereas at Aibonito
the public supply is from three wells, two located east of the town, and
one located to the south (McGuinness, 1948, p. 585).

Concerning the ground-water supplies of the part of Puerto Rico
underlain by Cretaceous rocks, as is the case in Barranquitas quadran-
gle, McGuinness (1948, p. 492) states, “The province is characterized by
rather small groundwater supplies, but these are available almost
everywhere and in a few areas moderately large supplies are available.”
Drilling for water was successful at Aibonito, but a well started on a
hill just to the south of Barranquitas failed to produce water (McGuin-
ness, 1948, p. 518). In explaining this MeGuinness states, “The most
favorable areas [for water wells] are the valley bottoms and relatively
undissected areas with gentle slopes, such as the remnants of the Saint
John peneplain. In the Cordillera Central and the area to the north
the rainfall is adequate to maintain the relatively small groundwater
supplies. South of the Cordillera Central the groundwater conditions
generally are not favorable.” Further, he states (McGuinness, 1948,
p. 191) that the yield of the Cretaceous rocks depends more on the ex-
tent of disintegration of the rock and the opportunity for recharge
than on the kind of rock.

ENGINEERING GEOLOGY

The acconpanying table lists the general engineering characteristics
of the rock types in the Barranquitas quadrangle. These data may be
used as a general guide for the location of materials and the selection
of construction sites. However, further study of specific sites will be
necessary to demonstrate their suitability, or lack of it, for specific
purposes. The rock types listed are assumed to be fresh or slightly to
moderately weathered unless otherwise stated. Stability is assumed
to be the same for both natural and artificial slopes.
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ROCK TYPES AND GEOLOGIC MAP
SYMBOLS

DISTRIBUTION

EXCAVATION FACILITY

STRENGTH AND STABILITY

UTILIZATION

MISCELLANEOUS

Massive flow and flow breccia, Krl, Krf, Krc,
Krt, KI, much of Kpr, part of Kca in its
northern exposures.

Chiefly in the west-central, east-central, and north-
eastern parts of the quadrangle.
Generally available for construction purposes.

Locally elsewhere.

Difficult to work, requiring explosives and heavy
power equipment except where severely shattered
or deeply weathered.

parallel to the land surface.

vail and where slopes are very steep.

Foundation strength is excellent for all classes of con-
struction, except locally where pillows are loosely
cemented or where rock is shattered, this latter
especially so where fractures are approximately

Slope stability is

generally good, except where above conditions pre-

Nonamygdaloldal flow provides good base course and
surfacing material for roads. Flow and flow breccia
are potentially good fill for earth dams, ete. These
rocks areinthe basalt-andesite range in composition.
Because andesite may contain minerals that react
deleteriously with high-alkali cements, low-alkali
cement should be specified when this rock is to be
used as concrete aggregate and specific tests have
not been made.

Tends to be brittle.
soil overlies this rock type.
Highway 156 near the east border of the quadran-
gle (40,790 N; 170,280 E; P. R. meter grid).
andesite dikes, dk, have similar characteristics.

Much of the area of lateritic
One active quarry, on

Basalt-

Massive tuff, tuffaceous conglomerate and
tuffaceous breccia, Krb, locally in Kr, much
of Kca, especially in its southern outcrops,
part of Kpr.

Chiefly in the west-central and east-central parts of
the quadrangle, and along its southern border.

Moderately difficult to difficult to work, generally
requiring explosives and heavy power equipment.

Foundation strength is good for heavy loads except
where shattered. Slope stability is generally fair
but may be poor on moderately steep slopes owing
to tendency toward mass movement.

Fair road fill material. Not recommended as road
surfacing material because of tendency toward
friability after moderate weathering.

Tend to granulate with weathering. Matrix and in-
cluded blocks and cobbles ecommonly weather at
different rates.

Flow, tuffaceous brececia and conglomerate,
and sandstone of Coamo formation, Kc,
locally in Kcrl.

Wholly in the northwestern part of the quadrangle
between the Rio Hondo fault and the Quebrada El
Gato fault.

Moderately difficult to work, requiring power equip-
ment and, locally, explosives for deep cuts.

Foundation strength for heavy loads is probably fair
to good. Stability of slopes is fair to moderately
good.

Fair road fill

The induration of these rocks appears poor when com-
pared with similar rock types elsewhere in the quad-
rangle. They tend to be friable and weather and
erode readily. -

Stratified fine-grained rocks, Kprs, Kr, Klis,
Klts, much of Kca, in its northern exposures,
much of Kcr, and lenses in Kpr, Kl, and Kca,
in its southern exposures.

Chiefly in the southern half and in the north-central
part of the quadrangle.

Moderately difficult to work, probably requiring explo-
sives. However, cleavage along bedding planes
facilitates excavation, except locally and with depth
where the rocks are firmly cemented, requiring the
same quarrying methods as massive rock.

Foundation strength is good for most construction
purposes. Slope stability generally is moderately
good. However, strength and stability may be poor
where strata dip steeply or where strata dip approxi-
mately parallel to the slope of the land surface.

Has been quarried for road metal, but is not highly
recommended. Fresh silicic rock is used as fine
aggregate in the manufacture of concrete blocks,
but rock is not recommended for normal use as
coarse concrete aggregate.

Two inactive quarries, one near Highway 14 at south
edge of quadrangle (32,730 N; 168,100 E; P. R. meter
grid), one on Highway 162 south of Barranquitas
(32,230 N; 164,860 E; P. R. meter grid). One active
quarry for fine aggregate on the Rio Usabdn near
Highway 162 (36,070 N; 165,260 E; P. R. meter grid).

Limestone, Krr, KIb, Kcb, Kcrl, thin lenses in
Kcr.

Moderately thick bodies in the northeastern part of the
quadrangle (in the Rio Hondo), in the north-central
part of the quadrangle, and south and southeast of
Botijas in the northwestern part of the quadrangle.
Local thin lenses at and east of Barranquitas.

Very difficult to work except where shattered. Explo-
sives required.

Foundation strength is excellent for heavy construe-
tion where rock is noncavernous, but may be poor
where caverns occur. Slope stability is good, except
where erosion of underlying rocks may remove sup-
port, causing sliding.

Good to excellent for concrete aggregate and road
metal. Also used as soil conditioner for acid soils.

Two quarries in Barrio Barrancas of the Municipio of
Barranquitas, one for agricultural limestone (44,
170 N; 164,000 E; P. R. meter grid), one for road
metal(?) and concrete aggregate(?) (44,170 N; 164,
110 E; P. R. meter grid).

Hornblende diorite, hd, diorite and (or) gab-
bro, dg, diorite sill, ds, and diorite porphy-
ry, dp.

Largest occurrences in southwest part of quadrangle.
Smaller bodies in southeast, east-central, and north-
central part of the quadrangle.

In general is moderately difficult to difficult to work,
but probably is more easily worked than massive
flow because of granularity with moderate weath-
ering. However, diorite porphyry, dp, resists
weathering,

Foundation strength is generally good, even with
moderate weathering. Stability is good even in
areas of moderately steep slopes.

Fresh to moderately weathered rock is good as road
fill because it compacts readily, is stable,and drains
well. Although resists weathering well, diorite por-
phyry, dp, is not recommended as concrete aggre-
gate because of possible deleterious reactions and
coarse texture.

Quartz porphyry, ap, quartz-pyrite altered
rocks, pqa, quartz-kaolin altered rocks, gka,
chert and jasper rock, Krq, and gossan, gs.

Chiefly in the area just north of Barranquitas. Chert
and jasper rock approximately 216 km southeast of
Barranquitas. Quartz-kaolin altered rocks associ-
ated with hornblende diorite in southwest part of
quadrangle.

Moderately easy to moderately difficult to work, prob-
ably requiring power equipment. Explosives proba-
bly necessary where large silicified masses are
encountered, and at depth.

Foundation strength has a wide range, but is generally
fair. Slope stability is fair to good, but differential
weathering of rocks with more or less quartz may
promote mass movement.

Possible use as fill. See section on mineral deposits
for other economic information.

These rocks are locally overlain by deep residual soil.
Tripoli (color overprint on the geologic map) has
somewhat similar engineering characteristics.

Alluvium and terrace deposits, Qat, Qth

Chiefly in the vicinity of Aibonito and in the valleys
of Rio Coamo, Rio Usabén, Rio Hondo, and Rio
Grande de Manati.

Easy to work with handtools and with power equipment

Foundation strength for heavy loads is fair; founda-
tions should be anchored to underlying bedrock if
possible. Low-angle slopes are requisite.

Suitable for road fill and for base course when washed
and screened. Not recommended for use as concrete
aggregate.

When appreciable amounts of clayey material are
present and the water table is near the surface,
drainage may present foundation problems.

Deposits resulting from mass movement,

Qd, QL.

Small areas at many points in the quadrangle

Easy to moderately easy to work with power equip-
ment except where large included boulders occur,
requiring use of explosives. Execavations may refill
rapidly because of further mass movement.

Foundation strength for most construction is poor.
Very low-angle slopes and adequate drainage provi-
sion are necessary. Deposits may exhibit a decep-
tive temporary stability.

Possible use as fill, but it is not generally recommended
for this because of previously demonstrated insta-
bility.

New earth and rock flows and avalanches can be ex-
pected on moderate to steep slopes near these
deposits. Such areas should be avoided, if possible,
in construction planning.

Lateritic residual soils and saprolites (color
overprint on geologic map).

Chiefly in areas of relatively low-angle slopes and low
local relief in the northeastern and southeastern
parts of the quadrangle.

Locally elsewhere.

Easy to moderately easy to work with power equip-
ment or handtools. Occasional residual boulders may
require use of explosives. For rocks beneath resid-
ual mantle refer to appropriate rock type.

Foundation strength for heavy loads is fair. Low-

angle slopes are recommended in cuts.

Is used locally as road fill, but is compacted with
difficulty and may prove unstable.

Is plastic when wet. Unsurfaced roads in this mate-
rial are virtually impassable in periods of heavy rain.
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