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STRATIGRAPHY
STRATIFIED ROCKS SOUTH OF THE CERRO MULA FAULT

The relations of the undivided voleanic rocks (Kv) south of
the Quebrada Vicente fault to the other formations is unknown,
but tentative correlation with rocks to the south suggests
that these voleanic rocks are the oldest rocks exposed in the
quadrangle.

The Rio Orocovis Group (Berryhill, 1965) is of Albian to
early Santonian age (R. P. Briggs, written commun., 1965).
The group is probably equivalent in age to much of the strati-
graphic sequence north of the Cerro Mula fault.

STRATIFIED ROCKS NORTH OF THE CERRO MULA FAULT

The stratigraphy of the volcanic and voleaniclastic rocks
has been described by Pease (1968); it corresponds in a
general way to the sequence established by Kaye (1959) in the
northern part of the quadrangle, but the units mapped are
not everywhere the same, and several stratigraphic names
have been changed.

The Santa Olaya Lava, Rio de la Plata Sandstone, Cama-
rones Sandstone, Tortugas Andesite, Carraizo Breccia, and
Guaynabo Formation form a complex stratigraphic pile of
voleanic and voleaniclastic rocks centered somewhere east of
the quadrangle (Pease, 1968). The base of the sequence is
younger than Albian; the top is upper Campanian.

The Santa Olaya Lava is best exposed in the east-central
part of the Naranjito quadrangle where it interfingers with
the Rio de la Plata and Camarones Sandstones to the north
and west. In the Aguas Buenas quadrangle the Santa Olaya
intertongues northward with the Camarones Sandstone and
the Guaynabo Formation, which is composed chiefly of well-
stratified reworked volcaniclastic rocks. The Mamey Lava
Member of the Camarones and the Martin Gonzalez Member
of the Guaynabo are believed to be time-equivalent. If so,
the upper part of the Guaynabo Formation is younger than
the Camarones Formation, whereas the lower part of the
Guaynabo is correlative with the Camarones. The Tortugas
Andesite, a subaerial voleanic unit, is locally intertongued
near the top of the Guaynabo Formation. The Carraizo
Breccia is a coarse submarine volcanic breccia containing
fragments believed to be derived from the Tortugas Andesite
and Santa Olaya Lava. It is here interpreted as being inter-
stratified with the Guaynabo Formation, Camarones Sand-
stone, and Tortugas Andesite on the northeastern flank of
the voleanic pile, but structural complications and difficulty
in identification of the fragments in the breccia leave this
interpretation open to question.

The Monacillo and La Muda Formations rest disconformably
and locally unconformably on the older strata. Both are
littoral and shallow-water marine deposits that contain lenti-
cular bodies of limestone; the largest is the Trujillo Alto Lime-
stone Member of the Monacillo. Megafossils from limestones
in the La Muda indicate a Maestrichtian age; those from the
Trujillo Alto have been identified only as Late Cretaceous.

The Guaracanal Andesite of Paleocene and early Eocene(?)
age consists of ejecta from vents apparently located 2 km
southeast of La Muda. It rests with apparent conformity on
the Monacillo Formation, but locally both the Guaracanal and
the overlying Rio Piedras Siltstone overlap the Monacillo and
rest disconformably on the pre-Maestrichtian unconformity.
The overlying Rio Piedras Siltstone, composed of fine volcanic
ash and epiclastic debris, contains Foraminifera near its base
that are tentatively identified as late Paleocene (J. Reiskind,
written commun., 1959).

HYDROTHERMALLY ALTERED ROCKS AND VEINS

Altered rocks ranging from jasperoid to argillite are asso-
ciated with major shear zones. The petrography of these
rocks has been described by Pease (1960). Alteration is most
intense at Cerro Marquesa along an extension of the altered
zone that forms a large hogback at Cerro la Pefia in the
adjacent Naranjito quadrangle (Pease, 1968). A similar but
less prominent zone lies along the north side of the Quebrada
la Yegua fault. The altered rocks in the southwest corner of
the quadrangle lie along an eastward extension of the altered
zone that forms the crest of Cerro La Tiza in the Comerio
quadrangle (Pease and Briggs, 1960). Volcanic rocks and
quartz diorite are altered in a mineralized zone on the south
side of the La Muda fault; in the southeast corner of the
quadrangle the zone contains some coarse pegmatite containing
patches of golden-brown mica.

Veins of quartz, calcite, chlorite, and zeolites are wide-
spread. Quartz veins commonly contain sulfides in areas of
intrusive rock and along major shear zones. Zeolite veins
are most common in the Tortugas Andesite and in strata
north of the Tortugo and Carraizo faults.

The quartz vein mapped east-northeast of Aguas Buenas is
more than 2 meters thick; it contains pyrite and traces of
chalcopyrite. A similar vein has been mapped near Escuela
Daniel Diaz in barrio Celada near the east edge of the quad-
rangle. A vein of brown garnet about 2 meters thick crops
out in the southeast corner of the quadrangle west of the Rio
Grande de Loiza.

ECONOMIC GEOLOGY
METALLIC MINERALS

Most sulfide minerals in the quadrangle are associated with
altered quartz diorite. The principal sulfide is pyrite which
is sporadically disseminated in both intrusive rock and volcanic
country rocks, but chalcopyrite and other copper sulfides
occur in major shear zones in quartz diorite and in quartz
veins in the country rock. Molybdenite and traces of gold
and silver are common associates of the copper sulfides.

Disseminated copper sulfides occur in the porphyritic quartz
diorite along the southwest side of the La Muda fault in the
east-central part of the quadrangle. Test holes indicate that
the deposit is submarginal. Traces of copper sulfide are also
found in quartz diorite along the southeast side of the stock
near Quebrada Las Curias and in the abandoned quarry near
the center of the large stock north of the Altos de San Luis,
also in amphibole schist adjacent to a small dike in a roadcut
about 1,200 m west-southwest of Bairoa near the south edge
of the quadrangle.

NONMETALLIC MATERIALS

Sand and gravel.—Large quantities of sand and gravel are
produced from pits in terrace deposits in the flood plain of
the Rio Grande de Loiza, principally below the dam; smaller
pits are scattered throughout the quadrangle. Sand and
gravel suitable for aggregate and road construction are avail-
able in alluvial deposits along the lower reaches of the Rio
Guaynabo and Rio Piedras.

Crushed stone.—Stone for use as base course, aggregate,
and riprap is quarried in many places.

Voleanic rock in the Carraizo Breccia is most commonly
quarried; it is massive, well indurated, relatively homo-
geneous, and has sufficiently uniform strength and toughness
for most uses. Lava and breccia in the Rio Orocovis Group is
also usable, but much of it is partly altered or deeply
weathered. Rocks from the quarry in the Tortugas Andesite
just north of the intersection of Highway 1 with Highway 183
contain appreciable zeolite and should be used with caution
as an aggregate for concrete.

Thin lavas interstratified with bedded rocks in several for-
mations also make suitable crushed rock and may be local
sources, but their volume is generally small. They commonly
are more costly to drill and blast than the fragmental rocks
of the Carraizo Breccia and Rio Orocovis Group.

The thin-bedded rocks of the Rio Piedras Siltstone and
Leprocomio Member of the Guaynabo are being quarried for
aggregate but probably are not as satisfactory as the more
massive rocks because even slight weathering causes slabs
rather than blocks to form on crushing.

Massive limestone from the La Muda Formation and the
Trujillo Alto Limestone Member of the Monacillo Formation
makes excellent aggregate or base course, but limestone ex-
posures in the La Muda Formation are small, and although
the Trujillo Alto Member is conveniently located in the north-
east corner of the quadrangle, most exposures are close to the
water table.

Lightweight aggregate.—Some of the deeply weathered
rocks may be suitable for lightweight aggregate. Good
results have been obtained with samples collected from deep
saprolite in the north-central part of the quadrangle, from
weathered exposures of quartz diorite south of El Laborinto
in the headwaters of the Rio Guaynabo, and from much of
the weathered tuffaceous material of the Carraizo Breccia in
the northeastern part of the quadrangle.

Limestone.—Limestone in the San Juan area is readily
available and generally more suitable for cement manufacture
than the limestone in the Aguas Buenas quadrangle. How-
ever, weathered siltstone of the Rio Piedras and possibly of
the Leprocomio Member of the Guaynabo may be suitable for
making Portland cement.

Fill.—Weathered and fresh rock from all formations in the
" quadrangle have been used for road fill. The most commonly
used, and least satisfactory, is weathered Rio Piedras Silt-
stone which tends to break down to plastic clay and to fracture
along bedding planes, causing serious instability.

Clays.—The saprolite that blankets much of the north-
central part of the quadrangle, particularly in Barrio Cupey,
may be a possible source of brick and ceramic clay.
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GEOLOGIC MAP OF THE AGUAS BUENAS QUADRANGLE, PUERTO RICO

By
Maurice H. Pease, Jr.

1968

Rio de la Plata Sandstone

STRATIFIED ROCKS NORTH OF CERRO MULA FAULT

Rio - Si]tone

Tru, upper member

Trc, coarse volcanic rock member
Trl, limestone member

Trs, siltstone member

Guaracanal Andesite

Tgl, limesione
Tgv, vitrophyre

La Muda Formation

Kll, limestone
Klc, conglomerate

DISCONFORMITY

Tortugas Andesite
Kts, siltstone member
Ktl, limestone

Camarones Sandstone
Kcl, limestone lens
Kem, Mamey Lava Member
Kcf, flows beneath Mamey
Lava Member

Santa Olaya Lava
Kss, bedded volcanic wacke

DESCRIPTION OF MAP UNITS

UNCONSOLIDATED DEPOSITS
Alluvium, sand, gravel, silt, and clay in flood plains

Qal

Ql
Qt

and in some low terraces. In part stratified in large
valleys.

Landslide deposits.

Terrace deposits, sand, gravel, silt, and clay in terraces

above present flood level. Includes some colluvial
and alluvial-fan deposits on south slopes of Altos de
la Mesa and Altos de San Luis.

STRATIFIED ROCKS NORTH OF CERRO MULA FAULT
Rio Piedras Siltstone

Tg

Kl

Tru, Upper member, interlayered thin-bedded lami-
nated tuffaceous siltstone and fine- to coarse-
grained volcanic wacke. Exposed only in north-
west corner of quadrangle.
Tre, Coarse wvolecanic wacke member, very thick
bedded olive-gray volcanic pebble conglomerate
and coarse-grained voleanic wacke interbedded
with thick-bedded coarse-grained volcanic sand- Kr
stone and siltstone. Maximum exposed thickness
120 meters; thins to about 40 meters in north-
west corner of quadrangle. Ks
Trl, Limestone member, thin-bedded medium-gray
hard tuffaceous limestone. Weathers to bright-
reddish-brown soil; commonly forms ridges.
Maximum thickness about 120 meters.
Trs, Siltstone member, thin-bedded laminated silt-
stone containing thin layers of claystone. Com-
monly contains fragments of glass altered to Kt
celedonite(?). Local conglomerate near base
contains fragments of Guaracanal Andesite and
shell fragments in sandstone matrix. DBase gra-
dational with tuffaceous rocks of the Guaracanal
Andesite. Maximum exposed thickness about 120
meters.

Guaracanal Andesite, coarse purplish- or reddish-gray

flow breccia in southeasternmost exposure, which
may be a vent. Formation grades to massive tuff,
volecanic breccia, and poorly stratified tuffaceous
wacke and conglomerate becoming finer grained and
more stratified away from vent area. Characteris-
tically contains fresh crystals of black hornblende.

Maximum exposed thickness 600 meters.

Tel, Limestone, discontinuous lenses of limestone at
or near base. Maximum thickness less than 5
meters.

Tev, Vitrophyre, local accumulation of black Kc
vitrophyre. Isolated in low hill near base of forma-
tion. In part welded tuff(?). Weathers pinkish
brown.

La Muda Formation, dusky yellow- to brownish-gray

LIMONES FAULT

friable limy feldspathic sandstone and pebble or cobble
conglomerate. Sandtone contains traces of detrital
biotite. Conglomerate contains heterogeneous
assortment of lava clasts and locally abundant clasts
of limestone. Maximum exposed thickness in incom-
plete section less than 90 meters.
ki, Limestone, dark-gray massive limestone con-
taining rudistids. Generally less than 10 meters
thick, but about 40 meters is exposed in a quarry

TKd Kt__

LIMONES FAULT

ILayodeLmza
|LagodeLoiza.
2

|

Monacillo Formation
Kmt, Trugillo Alto Limestone Member
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EXPLANATION
UNCONSOLIDATED DEPOSITS

MISCELLANEOUS GEOLOGIC INVESTIGATIONS
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250 meters southeast of junction of route 183 and ish-gray lava closely resembling Santa Olaya siltstone and fine-grained sandstone. About 650

highway 1.

Kic, Conglomerate, local lenses of coarse conglomerate
characteristically reddish gray, containing boulders
of dusky-red Tortugas Andesite at base of forma-
tion. Maximum thickness atleast 60 meters.

km, Monacillo Formation, reddish-gray poorly indurated

volcanic conglomerate and dusky-reddish-brown
mudstone interstratified with yellowish-gray thin-
bedded siltstone and sandstone. Predominant clasts
in conglomerate are lava from Tortugas Andesite;
clasts of Santa Olaya Lava are common; siliceous
pebbles and cobbles are conspicuous.  Apparent
maximum exposed thickness 400 meters, possibly is
repeated by faulting.
kmt, Trujillo Alto Limestone Member, dark-gray
calcarenite containing abundant fragments of
algae, echinoids, and shells. Maximum thickness
60 meters.

Rio de la Plata Sandstone, greenish-gray thin-bedded

tuffaceous sandstone resembling greenstone. Maxi-
mum exposed thickness about 300 meters.

Santa Olaya Lava, massive greenstone composed chiefly

of albite, quartz, and chlorite; contains greenish-

gray pumice fragments. Pervasively intruded by

quartz diorite stocks and dikes. Thickness uncertain,

but may be as much as 1,700 meters.

Kss, Bedded wvolcanic wacke, maximum thickness
about 100 meters.

Tortugas Andesite, massive medium- to brownish-gray

andesite and flow breccia containing minor amounts
of tuff breccia, poorly stratified voleanic wacke, and
lenses of reddish-gray conglomerate. Lavas com-
monly crowded with randomly oriented plagioclase
laths and contain larger equidimensional pheno-
crysts of fresh clinopyroxene and small grains of
hematite(?). Lavas characteristically show reddish
tint where slightly weathered. Laumontite(?) and
other zeolites occur in anastomosing veins and inter-
stitially between fragments in breccia. Thickness
uncertain, but may be as much as 700 meters north-
east of Bayamonesa.
Kts, Siltstone member, interbedded siltstone and
tuffaceous wacke. Thickness 40 meters or less.
ktl, Limestone, pods of limestone less than 5 meters
thick locally interbedded with volcanic breccia and
wacke.

Camarones Sandstone, thin-bedded dark-gray calcar-

eous siltstone (possibly carbonaceous), and thicker

bedded dark-gray volecanic wacke; contains some

volcanic pebble conglomerate. Thickness uncertain;
about 700 meters exposed between Tortugas Andesite
and La Muda fault.

Kel, Limestone lens, thin-bedded limestone.
mum thickness about 30 meters.

Kem, Mamey Lava Member, dark-gray lava con-
taining abundant phenocrysts of plagioclase,
clinopyroxene, and pseudomorphs chiefly of
chlorite after orthopyroxene. Maximum thick-
ness 350 meters.

Kef, Flows beneath the Mamey Lava Member, green-
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Kz Carraizo Breccia,

kg Guaynabo

Lava in the Naranjito quadrangle. Commonly
highly scoriaceous. Maximum thickness less than
40 meters.

massive coarse- to fine-grained

voleanic breccia, crudely bedded coarse-grained

voleanic wacke and lapillistone, and lenses of thin-
bedded tuffaceous wacke. Breccia consists of blocks
and fragments of greenish- to reddish-gray aphanitic
andesite containing stubby phenocrysts of plagio-
clase and scattered phenocrysts of bright-green
clinopyroxene, fragments of greenish- and reddish-
gray pumice, and grains of plagioclase and pyroxene
in a matrix of chlorite and fine lithic material.

Minimum thickness probably about 1,200 meters.

Kzl, Limestone, isolated blocks of limestone con-
taining rudistid fragments. Maximum dimension
2 meters; exposed only near east edge of quad-
rangle.

Kzs, Volcanic wacke member, thin-bedded volcanic
wacke. Maximum exposed thickness about 90
meters.

Formation, chiefly rhythmically inter-

bedded thin-bedded volcanic wacke and tuffaceous

siltstone interstratified with volcanic conglomerate
containing well-rounded cobbles of lava, limestone,
and quartz. Matrix of conglomerate contains frag-
ments of red and green finely scoriaceous pumice.

Maximum thickness 1,200 to 1,600 meters.

Kgb, Basalt, dark-gray to black glassy lava con-
taining small phenocrysts of plagioclase and pyrox-
ene. In two of three occurrences thickness is about
5 meters. Top not observed of black basalt ex-
posed southeast of El Minac. Possibly younger
than Guaynabo; resembles vitrophyre in Guaracanal
Andesite.

Kgl, Leprocomio Siltstone Member, well-indurated
thin-bedded to laminated dark-gray -calcareous
and tuffaceous siltstone and fine-grained sand-
stone. Weathers to dusky-yellow or light-brown
punky rock. Maximum thickness about 250 meters.

Kgll, Limestone, silty limestone interstratified with

less limy material in Leprocomio Member. Maxi-
mum thickness less than 5 meters.
Kgm, Martin Gonzdilez Lava Member, porphyritic

basalt containing abundant phenocrysts of plagio-
clase, scattered phenocrysts of clinopyroxene and
pseudomorphs chiefly of chlorite after ortho-
pyroxene, and abundant magnetite. Maximum
thickness uncertain, but less than 400 meters.

Kef, Andesite member, greenish-gray crudely pillowed
scoriaceous andesite. Resembles Santa Olaya Lava.
Maximum exposed thickness about 250 meters.

STRATIFIED ROCKS SOUTH OF CERRO MULA FAULT
kn Los Negros Formation,

chiefly dark-greenish-gray
thick-bedded pyroxene-rich crystal tuff. Contains
some sheared chloritic breccia and lava. Poorly ex-
posed. Thickness more than a thousand meters;
possibly as much as two thousand meters.

Kns, Siltstone and sandstone, thin-bedded tuffaceous

67°00'  ATLANTIC

meters thick.

Kp Perchas Formation, dark-greenish-gray basalt, poorly
exposed and mostly hydrothermally altered. Maxi-
mum exposed thickness less than 150 meters.

Kv  Undivided wolcanic rocks, dark-gray greenstone.
Thickness unknown.

INTRUSIVE ROCKS

Td  Diabase, dark-gray coarse- to fine-grained diabase.
Weathers to dark-yellowish-brown sandy soil and
trains of round residual boulders. Dikes of similar
diabase cut rocks as young as the Rio Piedras Silt-
stone in the Carolina quadrangle.

TKp Hornblende porphyry, diorite porphyry containing
stubby phenocrysts of black hornblende as much as
6 em long and plagioclase phenocrysts partly altered
to sericite. Microcrystalline groundmass contains
abundant magnetite. Wall rocks contain porphyr-
oblasts of hornblende. Exposed only near Loiza
River dam.

TKd Quartz diorite, chiefly medium- to light-greenish-
gray albitized quartz porphyry containing subhedral
phenocrysts of quartz and plagioclase in a fine-
grained matrix of albite, potassic feldspar, quartz,
and black hornblende. Plagioclase phenocrysts are
chiefly sodicoligoclase, but range from sodic andesine
to albite. Rock is medium grained and equigranular
in centers of large stocks and finer grained in the
smaller dikes. Commonly the quartz diorite is
sericitized, chloritized, and partly altered to clay;
locally it contains pyrite and base metal sulfides.
Weathers to yellowish-gray sand containing flecks
of mica. Contacts indefinite in some places due to
complex intertonguing with country rocks. Locally
quartz diorite underlies as much as 30 percent of
areas mapped as Santa Olaya Lava; it is also abun-
dant in the Camarones Sandstone and Tortugas
Andesite between the Limones fault and the north-
westward extension of the Carraizo fault. Quartz
diorite dikes are mapped in detail in the west-
central part of the quadrangle west of highway 173;
east of the highway they are nearly as abundant but
are not mapped in detail.

Tkg Granodiorite, medium-grained equigranular grano-
diorite containing euhedral laths of hornblende.

METAMORPHIC ROCKS

Tkh Hydrothermally altered rocks, greenish-gray to light-
gray strongly silicified and sericitized rocks commonly
containing pyrite and other sulfides. Primary
textures obscure or absent. Weather to soft sericitic
material and residual boulders of jasperoid bleached
grayish white and stained reddish brown, orange,
and yellow.

Tks Amphibole schist, biotite-plagioclase-hornblende schist,
metamorphosed Los Negros Formation. Body south-
west of Bairoa consists of metamorphosed volcanic
wacke, displaying relict bedding, and metamorphosed
lava containing phenocrysts of pyroxene partly
jacketed by hornblende. Body east of Bairoa is
schist derived from thin-bedded siltstone and
volecanic wacke.
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