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INTRODUCTION

The geology of the Cayey quadrangle has been mapped as part
of a project to make a detailed, systematic geological survey of
the island of Puerto Rico, to appraise the mineral resources, and to
prepare detailed general purpose geologic maps that can be used
as aids in engineering planning. This program has been under-
taken by the U. 8. Geological Survey in cooperation with the
Economic Development Administration of the Commonwealth of
Puerto Rico.

Field investigations were begun in December 1955 and were
completed in December 1956. Aerial photographs at a scale of
approximately 1:15,000 were used as a base for locating and plot-
ting geologic features in the field. In the laboratory the data
were transferred by visual inspection and by the use of propor-
tional dividers from the aerial photographs to a topographic base
map having a scale of 1:20,000.

The writers were assisted during the field investigations by
Martin S. Tischler.

GEOGRAPHY

The Cayey quadrangle, which comprises 184 square kilometers
and covers 7.5 minutes of longitude and latitude, is located in the
southeastern part of Puerto Rico near the south coast. Cayey, in
the northeastern part of the quadrangle, is 60 kilometers by high-
way south southwest of San Juan and 69 kilometers by high-
way east northeast of Ponce. The southern boundary of the
quadrangle is 5.2 kilometers north of the Caribbean Sea.

The principal topographic feature is the Cordillera Central,
which together with its southeastern extension, the Sierra de
Cayey, crosses the northern third of the Cayey quadrangle. The
Cordillera Central is the mountainous backbone of Puerto Rico.
It is the main drainage divide between the Atlantic Ocean and
the Caribbean Sea, and it follows a sinuous east-west course across
the entire southern part of the island. The regional slope from
the Cordillera Central northward to the Atlantic Ocean, 38 kilo-
meters away, is gradual, but the slope southward to the Caribbean,
only 10 kilometers away, is very abrupt.

The deeply dissected southern flank of the Cordillera Central—
Sierra de Cayey makes up the surface of the southern two-thirds
of the Cayey quadrangle. The Rio Majada and its tributaries,
the Rio Lapa and the Rio Jajome, have cut deep V-shaped valleys
that locally have 35° to 40° slopes. The most prominent topo-
graphic feature in this part of the quadrangle is the Sierra de
Jajome, which is a spur of the Sierra de Cayey.

The highest point in the quadrangle, in Barrio Guamani near the
east-central boundary, has an altitude of 890 meters. The point
of lowest altitude, in the southwest corner of the quadrangle, is
about 35 meters above sea level. The maximum relief in the Cayey
quadrangle, therefore, is 855 meters.

The drainage of the Cayey quadrangle north of the Cordillera
Central is carried northward to the Atlantic Ocean by the Rio
de la Plata and its tributary, the Rio Matén. The drainage south
of the Cordillera is carried southward to the Caribbean Sea,
principally by the Rio Majada and its tributaries, the Rio Lapa
and the Rio Jajome, and by the Rio Seco.

GENERAL GEOLOGY AND STRATIGRAPHY

The rocks in the Cayey quadrangle are predominantly of volcanic
origin including thick sequences of flows and flow breccias, vol-
canic breccias, and a few layers of tuff. Interbedded with these
volcanic rocks are conglomerate, sandstone, siltstone —derived
principally from voleanic rocks—and limestone. These rocks are
cut by intrusive stocks, dikes and sills, and locally they have been
metamorphosed by thermal solutions. Small bodies of surficial
deposits cover part of the older rocks.

The voleanic and sedimentary rocks can be divided into two
general groups: (1) massive, stratified volecanic rocks which con-
sist mostly of intricately intertonguing lava flows and flow
breccias and voleanic breccias but which also contain lenticular
conglomerates, sandstones, siltstones, and limestones, and (2)
younger, well-bedded sandstones and siltstones which contain
pillow lavas, lenses of bedded conglomerate, and reef-type lime-
stone that occurs mainly as a layer at the base of the sequence.
The massive volcanic rocks are the more extensive of the two
groups and crop out over approximately the eastern two-thirds
of the quadrangle. They are believed to be predominantly water
laid, but may be in part subaerial deposits. The well-bedded silt-
stones, sandstones, pillow lavas, and limestone crop out along the
western boundary of the quadrangle and in the northwestern and
north-central parts. These rocks represent in part subaqueous
deposition and in part subaqueous extrusion.

The voleanic and associated sedimentary rocks have been tilted,
gently folded, and faulted. Their apparent stratigraphic thickness
is approximately 6,500 meters, as measured across the surface of
the quadrangle, but they may have been granitized and assimilated
by younger plutonic igneous rocks, which are believed to underlie
the entire quadrangle. Several small stocks or offshoots from the
plutonic rocks, as well as numerous dikes, crop out at the surface.

The voleanic rocks are the products of a prolonged period of
volecanism which characterized the early geologic history of Puerto
Rico. The lithologic differences in the volcanic rocks are in
general a result of periodic variations in the nature and intensity
of the voleanic activity and also a result of periodic shifts in the
geographic positions of the centers of volcanic activity.

The group of massive volcanic rocks have been subdivided into
four formations, partly on the basis of variations both in the con-
tent of lava and in the content of sandstone and siltstone and
partly on the basis of what appear to be unconformities. The
group of well-bedded rocks, conglomerates, and pillow lavas have
been subdivided into two formations on the basis of lithologic
differences.

The exact age of the rocks in the Cayey quadrangle cannot be
given at this time, but a number of fossils have been collected
from the various limestones by N. F. Sohl. His studies of these
fossils were not completed for this report, but he states (personal
communication) that preliminary observations indicate a Late
Cretaceous age for the group of well-bedded rocks, conglomerates,
and pillow lavas. The underlying group of massive volcanic rocks
is believed to be Cretaceous in age, but data for a more precise
dating are not available. On the basis of their stratigraphic
position, however, the rocks can be arranged in sequence according
to relative age. The oldest rocks crop out along the eastern
boundary of the quadrangle and progressively younger rocks are
exposed toward the west.

The two formations making up the group of well-bedded rocks,
conglomerates, and pillow lavas have been assigned formal names
because their continuity has been proven in adjacent quadrangles.
The lower of these two formations has been named the Robles
and the upper the Cariblanco. The writers prefer not to assign
formal names to the four formations making up the group of older,
massive volcanic rocks until the units of regional significance
have been distinguished from those of only local extent. These
four formations are, therefore, tentatively given the informal
names of formation A to formation D in ascending order. The
Robles formation in the group of well-bedded rocks contains four
traceable units of local significance for which member names are
proposed. The formations in the group of massive voleanic rocks
were also subdivided into mappable units, but most of them so
interfinger that only broadly generalized units were mapped and,
with the exception of a limestone in formation D, these were not
named. Some of the thicker and more distinctive lava flows in
the group of massive volcanic rocks have been delineated fairly
accurately, but even this proved difficult because brecciated
tongues of flow are so interfingered with volcanic breccia that
lateral correlations are likely to be uncertain. Because of the
intimate interrelationships of the flows and other volcanic rocks,
the contacts shown on the map are generalized. The areas shown
as underlain by flow are actually areas in which flows are pre-
dominant. Moreover, some thin flows are present in the undif-
ferentiated parts of the formations. The combination of general-
ized mapping of the thicker flows and the taking of dip and strike
on the bedded, finer-grained clastic rocks was found to be the
most effective method of determining the overall structure of
formations A, B, and C.

STRATIFIED ROCKS
CRETACEOUS SYSTEM
Formation A (Ka)

Formation A is exposed over the eastern one-fourth of the Cayey
quadrangle. These rocks strike in general toward the north, dip 10"
40° westward, and crop out from the southern to the northern bound-
ary of the quadrangle. The formation extends east of the quadrangle
and only the upper 1,675 meters crop out within the quadrangle.

Formation A is overlain by formation B from the southern edge
of the quadrangle northward to a point just northeast of Iglesia
Sagrado Corazén in Barrio Quebrada Arriba, but north of that
point, because of progressive overlap from the west by younger
formations, formation A is overlain by formation C northward to
a point just south of Highway 1 and by formation D from there
to the northern boundary of the quadrangle. The contact between
formation A and formation B in the Cayey quadrangle appears to
be conformable, but farther south in the Central Aguirre quad-
rangle, the strike of the two formations is divergent and an angular
unconformity is probable.

The strata making up formation A are interfingering, lentic-
ular units of flow and flow breccia, volcanic breccia, conglom-
erate, sandstone, and siltstone. The stratigraphic relationship of
these rocks is shown in figure 1. Some of the thicker flows and
groups of flows have been mapped separately, Kaf, but the other
types of volcanic rocks, including relatively thin flows, have not
been differentiated.

In the east-central part of the quadrangle in Barrio Guamani,
Barrio Jajome Alto, and Barrio Culebras Alto, formation A con-
sists mainly of thick flows and flow breccias, but includes also
some units of volcanic breccia and a few units of conglomerate.
Toward both the north and the south, the massive flows, flow
breccias, and volcanic breccias thin appreciably and areinterbedded
with sandstones and siltstones, in places in a cyclic pattern. The
repetitive occurrence of flow, volcanic breccia or conglomerate,
sandstone, and siltstone in a cyclic pattern, roughly in the order
listed, is a feature distinctive to formation A. Although parts of
the formation in both the northeastern and southeastern parts of
the quadrangle seem to have been deposited cyclically, this fea-
ture is best developed in the southeastern part of the quadrangle
south of the road to Poblado Carmen and in the adjacent Central
Aguirre and Guayama quadrangles. The cyclic character of
formation A can be seen best along the Rio Seco, where a succes-
sion of volcanic breccias and volcanic siltstones are exposed in
continuous outerops from the place the 260-meter contour crosses
the stream southward and westward for a distance of almost
a kilometer.

The succession of massive volcanic rocks that makes up formation
A in the east-central part of the quadrangle represents deposition
very near a source of volcanism, and the rocks may be in part
subaerial deposits. The sandstones and siltstones that lie to the
north and to the south of the more massive part of the formation
were deposited under water. The cyclic repetition of flows,
voleanic breccias and conglomerates, volcanic sandstones, and
voleanic siltstones probably represents periodic variations in the
intensity of the volcanism.

Flows and flow breccia (Kaf).—The best and most extensive out-
crops of the flows and flow breccias in formation A are in
the east-central part of the quadrangle along the banks of High-
way 15 from a point about 600 meters north of the Casa del
Gobernador southward to a point just southwest of Quebrada
Palmas Bajas. Most of the flows in formation A seem to be
either andesites or basaltic andesites. These flows are typically
porphyritic in texture; they contain phenocrysts of zoned plagio-
clase feldspar, amphibole, and pyroxene—in large part augite—in
a microcrystalline groundmass. The feldspars and mafic minerals
have been partly altered to calcite, epidote, or chlorite in many of the
flows. Accessory minerals, which generally occur as sparsely
disseminated, microscopic crystals, are hematite, magnetite, and
pyrite. No pillow structure was found in any of the flows in
formation A.

Flow breccia makes up a part of many of the flows and its
composition is similar to that of the other parts of the flow.
Where possible in the east-central part of the quadrangle, the
flow breccias were mapped with the flows, but some flow breccias
probably oceur in areas mapped as volcanic breccia.

The color of these rocks ranges from greenish gray to olive
black. The oxidized parts of some of the flows and flow breccias
are reddish brown. Because they are porphyritic many of the
flows, especially those with feldspar phenocrysts, have a speckled
appearance.

Voleanic breccia.—Outerops of voleanic breccia, which are
included in the undifferentiated volcanic rocks, occur at many
places on the hills in the southeastern and northeastern parts of
the quadrangle. In the southeastern part of the quadrangle they
form the coarse, basal unit of the cyclically deposited rocks.
Excellent exposures occur locally along the Rio Seco, at and in
the vicinity of the intersection of the Poblado Carmen road and
Highway 15, and along Highway 15 from the Casa del Gobernador
southward for about 500 meters.

The volcanie breccia is thick-bedded rock composed principally
of andesitic fragments that range in size from a few millimeters
to 10 centimeters or more. These fragments vary in shape from
angular to subrounded, but most are subangular. The degree of
roundness of the fragments varies considerably, and in places the
volcanic breccias grade almost imperceptibly into conglomerates,
so that sharp lines of demarcation cannot be drawn. The frag-
ments in most of the breccias are tightly compacted, and the
matrix generally makes up 25 percent or less of the total mass.
Pieces of pelecypod shells and cobbles of limestone occur in the
voleanic breccia that crops out in the bank of Highway 15 at the
Casa del Gobernador.

Conglomerate.—The conglomerate in formation A differs from
the volcanic breccia only in the degree of roundness of the frag-
ments, indicating that during deposition it was probably worked
by water slightly more than the breccia. It apparently makes up
a much smaller percentage of the formation than the volcanie
breccia. Although most of the coarse, basal units of the cyclically
deposited rocks in the southeastern part of the quadrangle are
voleanic breccias, some are in part conglomeratic. Excellent out-
crops of conglomerate occur along Highway 15 about 600 meters
south of the Casa del Gobernador and locally along the Poblado
Carmen road.

The conglomerate is thick bedded and is composed mostly of
tightly compacted, poorly sorted, subrounded pebbles and cobbles
of andesite. Cobbles and boulders of limestone and siltstone occur
in the conglomerate in a few places, and thin lenticular beds of
volecanic sandstone are locally interbedded.

Siltstone and sandstone.—The siltstone and sandstone occur
only in the parts of formation A that crop out in the northeastern
and southeastern parts of the quadrangle. In the northeastern
part of the quadrangle these rocks crop out mainly across the
eastern end of the long ridge that lies southeast of Quebrada EI
Cedro and across the northeastern part of Monte Llano. In the

southeastern part of the quadrangle outcrops of the siltstone and
sandstone occur along the Rio Seco, in the bank of the Poblado
Carmen road, and on the hills near the southeastern corner of the
quadrangle.

The siltstone and sandstone occur as lenticular units interbedded
with volcanic breccia in the northeastern part of the quadrangle.
The siltstone forms the upper part of the sedimentary cycles in
the southeastern part of the quadrangle, and the sandstone in
places forms a transition layer in the cycles between the breccia
and siltstone.

The thickness of the siltstone units ranges from a few centi-
meters to as much as 25 meters. The sandstone units are
generally somewhat thinner than those of siltstone.

The siltstone and sandstone are hard and compact, well-bedded,
laminated, and similar in composition to the volcanic breccia and
conglomerate. The siltstone is slightly fossiliferous, as indicated
by foraminifera tests that were found in thin sections.

Tuff.— Although tuff fragments probably make up a considerable
part of the voleanic rocks, not only in formation A but in the
other formations as well, alteration during deposition has largely
destroyed their character so that they are now hard to identify.
In formation A, however, a unit of rock that crops out as a layer
4 meters thick at the top of the waterfall on the Rio Seco was
identified by Earl Ingerson and R. L. Smith (personal communi-
cation) as a dacite tuff. Of special note is the fact that this
rock contains an appreciable amount of orthoclase, which seems to
be rare in other volcanic rocks in the Cayey quadrangle.

Formation B (Kb)

The rocks that make up formation B crop out from the southern
boundary of the quadrangle northward to the southern part of
Barrio Quebrada Arriba and westward across the northern part of
Barrio Pozo Hondo to the western part of Barrio Quebrada Yeguas.
In the southern part of Barrio Lapa near the southwestern corner
of the map, formation B is exposed in several small, isolated
inliers where the overlying formations have been eroded away.
Rocks believed to be a part of formation B are also exposed just
east of Hacienda Julia, where formation C has been removed by
erosion.

The strata of formation B appear to be conformable, if not
gradational, with the strata of formation A north of the Rio
Seco. South of the Rio Seco and in the adjacent Central Aguirre
quadrangle, however, the two formations appear to be separated
by an angular unconformity; this unconformity is the primary
basis for considering the two units separate formations.

Formation B is made up of flows and flow breccia, volecanic
breccia, small amounts of sandstone, and a few lenticular beds of
limestone. The lower two-thirds of the formation north of the
Poblado Carmen Road consists mainly of flows that thin south-
ward and interfinger with voleanic breccia that makes up most of
the formation south of the Poblado Carmen Road. Interstratified
thin flows, volcanic breccia, some sandstone, and a few thin lentic-
ular beds of limestone make up the upper part of formation B.
Figure 2 shows the stratigraphic relationship of these rocks. The
rocks in this formation are similar in composition to those in
formation A, but their distribution is different, and formation B
contains no siltstone. The thicker flows and groups of flows
were mapped, but the contacts between these units and the clastic
rocks are generalized. Some thin flows are included in the undif-
ferentiated parts of the formation.

The maximum exposed thickness of the formation is approx-
imately 1,900 meters in the southern parts of Barrios Carmen and
Quebrada Yeguas. North of Iglesia Sagrado Corazén, formation
B is overlapped by formation C.

Flow and flow breccia (Kbf).—Most of the flows and flow breccias
in formation B are very similar lithologically to those of forma-
tion A, but several flows somewhat different from the others
crop out south of Poblado Carmen Road. They appear to be
andesite, but the plagioclase phenocrysts are smaller and also
fewer in number than in the other flows. The pyroxene crystals
are microscopic, and the groundmass is extremely fine grained.
These flows are olive gray on a fresh surface, but they generally
weather dark yellowish brown. Instead of forming rounded
boulders, these flows tend to break up into angular fragments.
A flow of this type, having crude hexagonal jointing, crops out
across the crest of the next ridge west of Cerro Garau. No pil-
low structure was seen in any of the flows in formation B.

Volcanic breceia and sandstone.—These rocks are similar in
composition to those in formation A, being composed chiefly of
andesitic fragments. The volcanic breccias are thick bedded, and
the sandstone forms thin, lenticular interbeds within the breccias.
In general the breccias in the lower two-thirds of the formation
south of the Poblado Carmen Road and in the upper part of the
formation northeast of central Barrio Quebrada Yeguas contain
fragments that average 2 centimeters or more in size. Most of
those that crop out along the Rio Majada in the upper part of the
formation, however, are composed of smaller fragments and in
some places are almost coarse sandstones.

Limestone (Kbl.—A few thin, lenticular masses of bioclastic
limestone are interbedded with coarse sandstones and thin flows
in the upper part of formation B (see map). Fossilized fragments
of corals and rudistids are present in the limestone, but generic
and specific identifications of the specimens are not as yet
available.

Formation C

The rocks in formation C erop out in an arcuate band that crosses
the south-central, west-central, central, and northeastern parts of
the quadrangle. The contact between formation C and formation
B is believed to be unconformable. South of the Rio Majada, beds
in formation B appear to be truncated in places by basal flow
rocks in formation C. North of the Rio Majada, formation C
progressively overlaps formation B, and in the northeastern part
of the quadrangle formation C lies on formation A.

The maximum thickness of formation C is approximately 1,550
meters in the central part of the quadrangle, but the formation
thins toward the south and toward the northeast probably because
of removal of the upper part of the formation by erosion before
formation D and the Robles formation were deposited.

Massive flow and flow breccia and coarse volcanic breccia, in
part stratified, are the predominant types of rock, and in contrast
to formations A and B, formation C contains no siltstone and only
a few thin, lenticular layers of sandstone. The units of flow and
flow breccia and volcanic breccia are so intricately interfingered
that mapping of individual units was impractical except in the
area south of the Rio Majada where formation C is not only well
exposed but also contains several distinctive amygdaloidal flows,
as shown on the map.

North of the Rio Majada, contacts are generalized and have
been drawn to distinguish areas underlain chiefly by flow and flow
breccia from areas underlain by other types of rocks. Flows and
flow breccia are more abundant in formation C as a whole than
any other type of rock. South of the Rio Majada they make up
most of the formation. North of the Rio Majada, flows and flow
breccias form most of the lower half of the formation and are
intertongued with voleanic breecias in the upper half. The massive
character of the rocks in formation C and the general lack of
fine-grained, well-bedded rocks indicate that the formation may
represent, at least in part, subaerial deposition—possibly very near
a center of volecanie activity.

Flow (Kcf) and flow breccia (Kcfb).—The flows and flow breccia
in formation C are similar to those in formations A and B. Most
seem to be porphyritic andesites although some are probably
basaltic andesites. Phenocrysts of plagioclase feldspar, amphibole,
and pyroxene are present, but an abundance of large plagioclase
phenocrysts characterizes many of the flows in formation C north
of the Rio Majada. Outcrops of this type of flow ocecur in the
banks of Highway 1 just north of Capilla de Santa Marta near
the western edge of the map and in the banks of Highway 15 for
a distance of about 2 kilometers south of its intersection with High-
way 1 in the northeastern quarter of the map.

The amygdaloidal flows south of the Rio Majada, Kcfa, have
been differentiated on the basis of textural variations and on
differences in the composition of the amygdules. Most of them
have a porphyritic texture and contain amygdules composed princi-
pally of calcite and chlorite and some plagioclase feldspar. One
group of amygdaloidal flows, however, is very fine grained and
lacks phenocrysts, Kcfaa; it crops out in two general areas: one
about a kilometer east of Hacienda Julia and another larger area
between Hacienda Julia and the Rio Majada. Another flow, which
contains quartz amygdules, crops out along the base of formation
C north of Hacienda Julia. Flow breccia has been mapped with
flow except for a distinctive unit that crops out both east and
west of Hacienda Julia. Northwest of Hacienda Julia for more than
a kilometer this flow breccia separates the flow with quartz
amygdules from the overlying flows with calcite and chlorite
amygdules.

The only other amygdaloidal flows of any extent in the Cayey
quadrangle occur in formation D at Cayey, and it is possible that
the amygdaloidal flows south of the Rio Majada may be correla-
tives of the flows in formation D.

In addition to plagioclase and mafic minerals, the flows in for-
mation C contain small amounts of magnetite, hematite, chlorite,
and epidote as alteration minerals.

The overall color of most of the flows and flow breccia in the
formation varies from olive black to dark olive gray, but some of the
flows that have been oxidized are reddish brown to reddish gray.

Volecanic breccia (Kcvb).—Except for a few thin- to medium-
bedded units, the voleanic breccias in formation C are massive,
irregularly-stratified rocks consisting of angular to subrounded
fragments that range from less than a centimeter to 40 centimeters
or more in diameter. Excellent outcrops of these rocks occur on
Pefia Hendida and on other hills east of Quebrada Cimarrén near
the south-central boundary of the quadrangle, on the hills north-
east of Rabo del Buey, along the Rio Lapa from the southern part
of Proyecto Vazquez southward for more than 2 kilometers, and
on the south side of Pefién de los Soldados where massive volcanic
breccia forms cliffs. Parts of formation C that consist principally
of volcanic breccia are differentiated on the map, but some small
bodies of volcanic breccia are included in the areas shown as flow.

The voleanic breccias are made up mostly of andesitic fragments,
but they contain some rounded, vesicular masses which seem to
be volcanic bombs. The volcanic breccias in formation C, although
similar in composition to those in formations A and B, are in
general more massive and contain larger fragments. These rocks
are apparently subaerial deposits that accumulated very near a
site of voleanic activity.

Formation D (Kd)

Formation D crops out only in the north-central part of the
Cayey quadrangle in the vicinity of Cayey and on the ridges and
slopes adjacent to the Rio Matén. Farther south along the north-
western side of the Rio Lapa valley, the formation seems to
pinch out.

Formation D lies on formation A in the vicinity of Cayey, but it
rests on formation C farther south. In general the formation thins
toward the south to the point in Barrio Sumido where it is over-
lapped by the Robles formation. The formation appears to be
thickest on the ridge that lies along the boundary between Barrio
Quebrada Arriba and Barrio Sumido, but because of possible

faulting in that area, no accurate thickness measurement could

be made; the estimated thickness there is about 200 meters.

The principal constituents of the formation are: lenticular lime-
stone, which occurs at the base; flows, in part amygdaloidal;
volcanic breccia and sandstone, in part tuffaceous. South of the
Rio Matén the rocks in formation D have a distinctive reddish hue
in many places, and where the basal limestone is absent, the for-
mation was mapped mainly on the basis of the reddish color. The
base of the formation is very indefinite from the northeastern
part of Barrio Lapa southwestward, in part because of weathering
and in part because outcrops are obscured in places by float,
particularly on the southern side of Cerro Planada. The outcrops
of formation D along Highway 1 south of the Rio Matén have
been sheared by movement along the Rio Matén fault so that the
character of the rocks is somewhat obscured. Almost continuous
exposures of the entire formation crop out along Quebrada Santo
Domingo, beginning at a point 200 meters north of the Cayey
quadrangle. At this locality the stratigraphy of the formation
from base to top is as follows: limestone (approximately 6-8
meters thick), interbedded calcareous voleanic breccia and coarse
sandstone (approximately 25 meters thick), porphyritic andesite
flow that contains many large phenocrysts of pyroxene (approx-
imately 30 meters thick), bedded sandstone (1 meter thick), and
amygdaloidal andesite flow, brecciated in the upper part (approx-
imately 100 meters thick).

Aguas Buenas? limestone member (Kda).—Semmes (1919,
p. 64-65) assigned the name Aguas Buenas limestone to outcrops
of limestone that are located 2 miles south of Aguas Buenas,
which is about 17 kilometers northeast of Cayey. This limestone
also crops in the Comerio quadrangle between Aguas Buenas and
Cayey. The lenticular limestone member at the base of forma-
tion D is correlated with the Aguas Buenas limestone of Semmes,

In the Cayey quadrangle the Aguas Buenas limestone member
crops out in three separate areas all in the vicinity of Cayey.
The limestone enters the Cayey quadrangle from the adjacent
Comerio quadrangle at a point on the hill north of Cayey and
extends around the hill into the quarry located in the U.S.
Military Reservation. From there southeastward it is missing for
a distance of about 250 meters along strike, but it crops out again
along the eastern edge of Cayey. The third and southernmost
area of outcrop is located on top of the high ridge about 2.4 kilo-
meters south of the Cayey Plaza.

The thickness of the member in the Cayey quadrangle ranges
from a few centimeters to about 7 meters or perhaps more.

The limestone is massive and fossiliferous, containing at most
places mollusks and corals. In the quarry in the military reserva-
tion north of Cayey the limestone contains in addition fragments
of crinoid stems and a very thin lens of coal which appears to be
pure vitrain.

Tuffaceous sandstone and volcanic breccia.—Overlying the Aguas
Buenas limestone member in the military reservation quarry is a
unit of medium-bedded, coarse-grained, calcareous, friable, tuff-
aceous sandstone, which is about 4 to 5 meters thick. The sand-
stone grades westward into medium- to thick-bedded, caleareous
voleanic breccia, which is well exposed along Quebrada Santo
Domingo north of Cayey, and it apparently grades southward into
nonbedded, reddish voleanic breccia, which crops out to the south
and southwest of Cayey.

Flow.—The flows in formation D are either andesites or basal-
tic andesites which occur mainly in the upper part of the forma-
tion. North of Highway 1 the upper part of formation D consists
of two distinctive flows separated by a thin layer of sandstone.
The lower flow is characterized by large pyroxene phenocrysts.
Its base is intricately intermixed with the underlying volcanie
breccia, and its top contains calcite amygdules. The upper flow,
which is thicker and more extensive, is characterized by an
abundance of calcite amygdules in its upper half. The upper
flow crops out from the north boundary of the quadrangle west

of Quebrada Santo Domingo, southeastward to the hill upon which
the eastern part of Cayey is located. The breccia above the upper
flow is probably a flow breccia associated with the underlying
flow, but it may be a volcanic breccia.

The flows in formation D south of Highway 1 are distinguished
in most places by a reddish hue and by rather small phenocrysts
of both plagioclase and mafic minerals. Flows of this type form
the hump and northeastward facing escarpment on the high ridge
southwest of Quebrada Santo Domingo at a point 1.6 kilometers
S. 30° W. of the intersection of Highway 1 and Highway 15.

Robles formation

The thick sequence of marine siltstone, pillow lava, lenticular
conglomerate, and reef-type limestone that crops out in the north-
central and western parts of the Cayey quadrangle make up the
Robles formation, which has a maximum thickness of approximately
1000 meters in the shallow syncline in the northwestern part of
the quadrangle. This formation was named by M. H. Pease and
R. P. Briggs for outcrops of these rocks in Barrio Robles in the
adjacent Comerio quadrangle.

In the Cayey quadrangle the Robles formation consists of five
distinct members and a sixth unnamed unit which lies at the base
of the formation in places south of Proyecto Vazquez. In ascend-
ing order the named members are: the Rio Matén limestone mem-
ber, which pinches out toward the south; the Lapa lava member,
which pinches out toward the northeast; the Cayey siltstone mem-
ber, which is intertongued with the Lapa lava member toward the
southwest; the Las Tetas lava member, which appears to be inter-
tongued with conglomerate and siltstone toward the southwest;
and the Collao member, which is mostly siltstone but includes
thick lenses of conglomerate and a limestone unit of local extent.
The stratigraphic relationship of the members of the Robles for-
mation are shown in figure 3.

Lapilli tuff (unnamed) (Kru).—At the base of the Robles for-
mation between Proyecto Vizquez and the small hill just south-
west of Rabo del Buey is a medium-bedded tuffaceous unit composed
principally of intermixed small fragments of andesitic rocks,
crystals of plagioclase feldspar, and crystals of mafic minerals.
Though not extensive enough to warrant a name, it is nevertheless
a distinctive unit that ranges in thickness from a few centimeters
to about 6 meters. It is thickest and best exposed along a gully
that lies about 350 meters S. 25° W. of the highway intersection at
Rabo del Buey. The unit is quite friable, and northwest of Rabo
del Buey along the western boundary of the quadrangle, where the
unit is weathered, its distinctive dark-bluish hue is imparted to the
soil. Loecally lapilli-sized fragments cemented by calecite occur as
float boulders along the line of outerop. Scattered small boulders
of this lapilli tuff found in a few places are the only evidence for
the occurrence of the unit south of Rabo del Buey.

Rio Matén limestone member (Krr).—A lenticular unit of limestone
that occurs at the base of the Robles formation at most places is
here named the Rio Matén limestone member for exposures on the
south side of the Rio Matén where it is best developed. At the type
locality, which lies just west of Highway 1 at a point 2.7 kilometers
S. 65° W. of the Cayey Plaza, the member is approximately 50
meters thick. Toward the northwest and toward the southwest,
however, the limestone is thinner and locally it is absent. South
of Proyecto VAzquez the limestone is present at only three local-
ities; at two of them it overlies the lapilli tuff.

The Rio Matén limestone member varies in character from non-
bedded to medium bedded; it is bioclastic, and northeast of
Proyecto Vézquez it contains a fossil assemblage characteristic of
a reef environment. Large masses of jasper are associated with
the limestone at three localities: in the southern part of Barrio
Lapa at a point 1 kilometer N. 35° E. of Hacienda Hiecar, in the
southern part of Proyecto Vazquez at a point about 800 meters
north of Capilla de Santa, and in the eastern part of Proyecto
Véazquez at a point about 900 meters N. 45° E. of the stream
confluence. South of Proyecto Vazquez the Rio Matén limestone
member contains many fragments of volcanic rock.

The Rio Matén limestone member contains an abundance of
corals, rudistids, and gastropods. Specimens of Orbitolina sp.
were identified by R. C. Douglass (personal communication). He
says that the orbitolinas are of Early Cretaceous age, but con-
sidering the condition and scarcity of the specimens found in the
sample, a later Cretaceous age could not be ruled out. Based
upon preliminary observations, N. F. Sohl (personal communication)
thinks the rudistids in the Rio Matén limestone member are Late
Cretaceous in age.

Cayey siltstone member (Krcc).—Overlying the Rio Matén lime-
stone member is a thick sequence of rocks consisting principally
of siltstone that is here named the Cayey siltstone member for
exposures along Highway 1 southwest of Cayey, beginning at
Quebrada Santo Domingo and ending at the Rio Matén. The
siltstone is about 300-350 meters thick in the north-central part of
the quadrangle but thins toward the southwest, where it is inter-
tongued with the Lapa lava member and consists of three tongues:
one lies beneath the lava, another in places separates the two
flows making up the Lapa lava member, and a third tongue over-
lies the lava. The lower and middle tongues pinch out southwest-
ward within the quadrangle.

Laminated siltstone is the chief component of the member, but
it also includes layers of sandstone and volcanic breccia. In places
it includes at the top a distinctive conglomerate.

No megafossils were found in the Cayey siltstone member but
tests of foraminifera were found in thin sections.

Lapa lava member (Krl).—The two basaltic andesite flows which
make up the lower part of the Robles formation near the south-
western corner of the Cayey quadrangle, and which intertongue
toward the north with the Cayey siltstone member, are named the
Lapa lava member for exposures on the hills west of the Rio Lapa
in Barrio Lapa between Rabo del Buey and Capilla de Santa Marta.
The type section, which is in the U. S. Military Reservation, begins at
the base of the hill at a point 1.2 kilometers N. 40° W. of the road
intersection at Rabo del Buey and extends up the ridge southwest-
ward in the Coamo quadrangle. The member has a thickness of
approximately 350 meters at the type locality, but it thins toward
the northeast and pinches out 2.1 kilometers northeast of Proyecto
Vazquez.

North of the Cordillera Central, two flows that appear to be this
same member have been mapped from the southwestern part of
the Comerio quadrangle northwestward to the western part of the
Barranquitas quadrangle (M. H. Pease, Jr., and R. P. Briggs,
personal communication). To the south, contiguous outerops of the
Lapa lava member are present across the northwest part of the
Central Aguirre quadrangle to the point where the member is
covered by unconsolidated coastal-plain deposits. Both flows of
this member are andesitic with porphyritic texture. The chemical
composition of each flow is somewhat variable, ranging from that
of basalt to that of andesite.

The lower flow is characterized by an abundance of large tabular
phenocrysts of plagioclase as much as 9 millimeters long, which
occur both individually and in clusters. The phenocrysts of plagi-
oclase as well as the plagioclase microlites in the groundmass
have been partly altered so that positive identification is difficult,
but most of the plagioclase seems to be sodic (oligoclase?). Some
of the feldspar has apparently been albitized. Phenocrysts of
pyroxene, principally augite, are also present in the lower flow,
and locally they are as numerous as the plagioclase phenocrysts.

The upper flow, which is locally separated from the lower flow
by a thin tongue of the Cayey siltstone member, contains pheno-
crysts of pyroxene as much as 5 millimeters long, but in most
places plagioclase phenocrysts are totally absent.

Both flows contain microcrystals of ilmenite and magnetite
that on weathering impart a grayish-brown to grayish-red color
to the rock. Fresh surfaces of these flows are medium dark gray.
The combination of the clusters of prominent tabular phenocrysts,
the reddish color of the weathered exposures, and the close associ-
ation of the two flows make the identity of the Lapa lava
member unmistakable.

Well-developed pillow structures occur in many places in the
Lapa lava member, indicating that both flows were probably
extruded subaqueously.

Las Tetas lava member (Krt).—A thick sequence of andesitic
flows overlies the Cayey siltstone member and crops out in a
roughly arcuate belt that extends from the northern boundary of
the quadrangle in the vicinity of Quebrada Gémez southwestward
to the western boundary at a point northwest of Vertedero. These
flows are named the Las Tetas lava member for excellent out-
crops at and near the prominent topographic features, Las Tetas,
which lie west of Highway 1 at a point 650 meters southwest of
the intersection of Highway 1 and Highway 162.

From the northern boundary of the quadrangle southward to
the vicinity of Las Tetas, the flows in the Las Tetas lava member
form an indivisible unit having a maximum thickness of about 400
meters. South of the Las Tetas, lenses of conglomerate, Krtc, and
siltstone, Krts, that thicken southwestward are intertongued with
the flows. In the complexly faulted area that lies east and south-
east of Vertedero, the Las Tetas lava member has been down-
faulted and is in juxtaposition with the Cayey siltstone and Lapa
lava members.

The flows in the Las Tetas lava member are remarkably uniform
in mineralogic composition. They are porphyritic basaltic ande-
sites and the phenocrysts are principally pyroxene crystals in a
fine-grained groundmass composed of partly altered, sodic plagi-
oclase, and pyroxene, chiefly augite. The flows are greenish gray
and their color, like their composition, is remarkably uniform.
Pillow structure is locally developed in the member, indicating, at
least in part, subaqueous extrusion.

The conglomerates in the Las Tetas lava member, Krtc, south-
west of Las Tetas thicken southwestward. They are composed of
tightly compacted subangular to subrounded fragments of por-
phyritic andesite. The siltstones associated with the conglomerates
are thin and lenticular.

Collao member (Kros, Kroc).—Overlying the Las Tetas lava mem-
ber is a succession of rocks consisting of siltstone and fine-grained
sandstone, Kros, lenses of conglomerate, Kroc, a unit of limestone,
Krol, and a unit of lapilli tuff that is characterized by its reddish-
brown color. These rocks are named the Collao member for out-
crops just north of Quebrada Collao. The type section begins on
Highway 1 at a point 1.1 kilometers S. 75° E. of the intersection of
Highway 1 and Highway 162 and extends northwestward along
the banks of Highway 1 and Highway 162 and up the north side
of the ridge south of Highway 162 to the top of the ridge above
the prominent outerops of limestone that are shown on the map.
A thin andesite lava, Krof, is interstratified with the siltstone on
the spur 1 kilometer north-northeast of Vertedero.

The member lies almost entirely in the northwesternmost part
of the quadrangle, north of Vertedero, but outliers detached by
downfaulting crop out from a point just north of Vertedero south-
ward to the Proyecto Vizquez fault, where the Collao member is
in juxtaposition to the Lapa lava member.

The thickness of the Collao member could not be measured
accurately because of numerous displacements caused by faulting
and because of deformation adjacent to the igneous intrusives.
The assumed maximum thickness is about 200 meters.

Laminated siltstone similar to the Cayey siltstone member is
the principal constituent of the member, and outcrops of it occur
both north and south of the Rio Cuyén and beneath the Cariblanco
formation in the downfaulted blocks in the vicinity of Vertedero.
Adjacent to the hornblende quartz-diorite intrusive the siltstone
has been metamorphosed and impregnated with pyrite. Along the
crest of the Cordillera Central the siltstone is highly weathered in
most places. From the northwest corner of the quadrangle toward
the southeast the siltstone intertongues with lenses of conglom-
erate that lie mainly in the basal part of the member.

The conglomerate is thickest along Highway 1 in the type
section of the Collao member. Other thick lenses of the conglom-
erate crop out north of Pefia Dominga and in the downfaulted
blocks east and south of Vertedero. Most of the conglomerate is
only poorly stratified and consists mainly of tightly compacted,
subangular blocks and subrounded pebbles, cobbles, and boulders
of porphyritic andesite, but it also locally includes blocks of silt-
stone and thin interbedded lenses of sandstone. The uppermost
lens of conglomerate along Highway 1 in the type section is well
bedded and contains alined discoidal pebbles and cobbles,

The best outcrops of the reddish-brown tuff are in the deep cut
in Highway 162 at a point that lies 0.6 kilometer northwest of the
intersection with Highway 1. At this locality the unit is approx-
imately 10 meters thick. Other less conspicuous outcrops of this
tuff occur westward along Highway 162.

The unit of limestone, Krol, near the top of the member consists
of several massive layers of limestone and interbedded volcanic
rocks about 6 to 7 meters thick. Outcrops of the limestone occur
along the banks of Highway 162 and along the ridge south of the
highway. Along the west half of the ridge the limestone is rep-
resented in most places by almost pure epidote, which was formed
by contact metamorphism during the intrusion of the nearby
igneous rocks.

Cariblanco formation (Kc)

To the west of the Cayey quadrangle in the eastern part of
the adjacent Coamo quadrangle, a thick sequence of interbedded
massive, cobble conglomerates and thin siltstones form excellent
outcrops along a northeast-trending ridge which contains a prom-
inent peak known as Cariblanco. These rocks have been named the
Cariblanco formation by Glover (inpress). The basal 495 feet of
the Cariblanco formation extends eastward into the westernmost
part of the Cayey quadrangle and crops out as a massive, strati-
fied conglomerate along the upper part of the steep ridge west
of Vertedero where it is in a downfaulted block. Northwest of
Vertedero the conglomerate is truncated by a fault and lies in
juxtaposition with the Las Tetas lava member of the Robles for-
mation. Along the east side of the high ridge west of Vertedero
the conglomerate is in deposition contact with underlying silt-
stone of the Collao member of the Robles formation. Capping
the ridge and overlying the conglomerate is a thin, concordant
igneous body that is probably a flow, Kcf.

The Cariblanco formation is a nearshore deposit and is charac-
terized by massive conglomerates. The formation is much more
extensive to the west and to the northwest in the Coamo and
Barranquitas quadrangles, where it apparently lies unconformably
on the Robles formation (R. P. Briggs, written communication).
The stratigraphic relationship of the Cariblanco formation to the
Robles formation is shown in figure 3.

QUATERNARY
Surficial deposits

The Quaternary deposits of the Cayey quadrangle consist of
unconsolidated silt, sand, gravel, cobbles, boulders, and angular
rock fragments. They occur mainly as alluvium along stream
beds and on narrow terraces adjacent to the streams, as alluvial
fans, and as colluvium at the base of some of the steep slopes.

Alluvium (Qa).—The only extensive deposits of alluvium are
along the lower course of the Rio Lapa and the Rio Majada, and
along the Rio de la Plata at the northeast corner of the map. The
streams are youthful and generally lack flood plains. Therefore,
the alluvium, with the exception of local terrace deposits, is con-
fined to the beds of the streams. A thin veneer of alluvium covers

some of the terraces that lie along the Rio Lapa south of Capilla
de Santa Marta and along the Rio JAjome and the Rio Majada
west of Hacienda Clavell. Terrace deposits also occur along the
streams in the southern part of the quadrangle, but they are too
small to show on the map. Stream-cut terraces, from which the
alluvium has been removed by erosion, lie along the east side of
the Rio Jajome just northeast of Hacienda Clavell and along the
east side of the Rio Lapa just south of Capilla de Santa Marta.

The alluvium in the beds of the large streams and on the few
flood plains and terraces is made up mostly of silt, sand, gravel,
and small to medium boulders, but many large and some huge
boulders lie along the upper courses of the main streams and
along the tributary streams, particularly those on the steep slopes
just south of the crest of the Cordillera Central-Sierra de Cayey.

Alluvial-fan deposits (Qf).— Alluvial fans are restricted mainly
to an area just east and southeast of Cayey where they have been
built along the north side of Monte Llano. These fans, which
have coalesced to form a small piedmont fan, are composed
chiefly of a mixture of silt, fine sand, cobbles, and small boulders.
The boulders are confined mainly to the part of the fan that lies
nearest the hill. The streams that built these fans are now incised,
and the fans are being removed by erosion. A few patches of
alluvial-fan deposits that are contiguous with the extensive
alluvial-fan deposits that border the Caribbean Sea lie along the
southern boundary of the quadrangle. Several small fans are
mapped with the deposits of alluvium adjacent to the Rio Lapa
south of Capilla de Santa Marta. _

Colluvium and landslides (Qc).—Colluvium, which accumulates
as a result of transportation by gravity, occurs mainly on the
north side of Monte El Gato, on the slopes south of Las Tetas, on’
the slopes north and west of Vertedero, on the south slopes of
Cerro Planada, and on the south side of Sierra de Jajome north
of Poblado Carmen. These and other smaller deposits of colluvium
are shown on the map.

The colluvial deposits on the north side of Monte El Gato con-
sist in part of landslide debris and in part of large boulders that
have moved downhill by normal ereep. The colluvium near Las
Tetas, Vertedero, Poblado Carmen, and on Cerro Planada is made
up mostly of talus deposits of boulders and rock debris.

INTRUSIVE ROCKS AND VEINS

Masses of hornblende-quartz diorite, hornblende-pyroxene
diorite, diorite, and andesite crop out in the Cayey quadrangle in
the form of small stocks, dikes, and sills. The dioritic intrusives
and perhaps the hornblende andesite dikes are younger than the
youngest Cretaceous strata in the quadrangle, but many of the
andesite dikes are probably older than the dioritie intrusives and
were emplaced during the periods of strong voleanic activity that
played a major part in the Cretaceous history of Puerto Rico.
Veins of calcite and a few veins of quartz are locally associated
with the voleanic rocks and with the intrusive bodies.

Hornblende-quartz diorite(Thqd).—The stock that crops out near
the northwestern corner of the quadrangle is a hornblende-quartz
diorite and has a granitic texture. The primary minerals in order
of their abundance are plagioclase, quartz, hornblende, biotite,
magnetite, and orthoclase. Accessory minerals are zircon and
apatite. Autoliths that are locally present are richer in horn-
blende than the hornblende quartz diorite in which they are enclosed.

Several small bodies of intrusive rock crop out to the east and
north of the main body of the intrusive. Although they are
believed to be genetically related to the larger body of horn-
blende-quartz diorite, the smaller masses of intrusive rock seem
to be porphyritic hornblende-pyroxene diorite.

Hornblende-magnetite diorite(Thmd).—The small stock that erops
out just south of the Rio Jajome in Barrio Jajome Bajo is com-
posed essentially of plagioclase and hornblende, but contains in
addition an appreciable amount of magnetite and, therefore, is
classified as a hornblende-magnetite diorite. The higher per-
centage of magnetite and the dark color distinguish this intrusive
mass from the others in the Cayey quadrangle. Because of its
dark color the intrusive megascopically resembles a gabbro.

Diorite(Td).—The very small stock near the southeastern corner
of the quadrangle, the dikes along Quebrada Carmen northwest of
Poblado Carmen, and the dikes along the south-central boundary
of the quadrangle are diorites having a granitic texture. Plagi-
oclase makes up about 50 to 60 percent of these rocks and ferro-
magnesian minerals about 20 to 25 percent. Pyroxene, which has
been partly uralitized, is the principal mafic mineral, but biotite
is present locally. Other constituents in these rocks are mag-
netite, chlorite, orthoclase, and a very small amount of quartz.

The dikes that crop out near the south-central boundary of the
quadrangle range from about 1 meter to 4 meters in width. They
represent a northeastern continuation of the series of alined dikes
that crop out from southwest to northeast across thenorth-central
part of the Central Aguirre quadrangle.

The dikes that crop out along Quebrada Carmen strike either
N. 20-30° W. or N. 60-70° E. and seem to follow roughly a joint
pattern.

Hornblende andesite dikes(Tha)—Dikes of hornblende andesite,
which average about 2 to 3 meters in width, crop out at a number
of widely scattered localities in the western half of the quadrangle.
Just northeast of Proyecto Vazquez along the southbank of the
Rio Lapa, the hornblende andesite forms a dike and also a sill—
an offshoot from the dike. These rocks are porphyritic and contain
large phenocrysts of hornblende, plagioclase, and locally quartz in
an aphanitic groundmass. All the phenocrysts of hornblende are
larger than the phenocrysts of plagioclase and are locally as long
as 40 millimeters.

The direction of strike of most of the hornblende andesite dikes
is either N. 15-20° W. or N. 15-20° E., but some of the dikes were
mapped on the basis of float, and their orientation could not be
determined accurately.

Dioritic (?) sill (Ts).—Capping the ridge south of Highway 162
above the limestone unit at the top of the Collao member of the
Robles formation are two relatively small patches of feldspathic
igneous rock having a granitic texture and containing rounded
autoliths similar in composition to the enclosing rock. The mafic
minerals have been altered to chlorite, but the overall composition
of the rock appears to be dioritic. Its texture indicates that it is
probably an intrusive, and its concordant contact with the lime-
stone below strongly suggests that it is a sill. Whether or not it
is an offshoot of the nearby hornblende quartz diorite stock could
not be determined.

Andesite(Kan)—Intrusive bodies of andesite crop out at many
places in the Cayey quadrangle. A small faulted stock that seems
to be andesite crops out on the north side of the Rio Matén at a
point about one and a half kilometers southwest of Cayey.

No attempt was made to map the numerous small dikes of
andesite, but the positions of some of the larger dikes, which
average from 1-2 meters in width, have been plotted on the map
at an exaggerated width. The best outcrops of these dikes occur
along the Carmen road between Highway 15 and Poblado Carmen,
along the Rio Seco, and along the Rio J4djome.

The andesite dikes are composed chiefly of plagioclase, amphi-
bole, and pyroxene. Their texture is porphyritic and they contain
phenocrysts of plagioclase, amphibole, and pyroxene enclosed in
an aphanitic groundmass. The phenocrysts of plagioclase are
generally larger and more numerous than the mafic phenocrysts.
In most of these rocks many of the crystals have been partly
altered to chlorite.

Veins.—Veins of calcite or quartz and mixed veins containing
both calecite and quartz crop out in the Cayey quadrangle. Calcite
is the most common vein-forming mineral. The veins of quartz
and the mixed veins are in general thinner and also more localized.

The veins of calcite occur mainly in the country rock adjacent to
the hornblende-quartz diorite stock, particularly along the Rio
Cuyon south of the intrusive body and in the volcanic rocks in the
vicinity of Poblado Carmen, but they crop out locally throughout
the southern half of the quadrangle. The mixed veins were found
only at Poblado Carmen. Most of the calcite veins in the Cayey
quadrangle are less than a meter thick, but a single vein of calcite
over 2 meters wide crops out on the hillside just southwest of the
diorite intrusive that lies near the southeastern corner of the
quadrangle. The thin veins of calcite along the Rio Cuy6n south-
west of the hornblende-quartz diorite intrusive contain small
amounts of specular hematite in addition to locally high concen-
trations of pyrite, but no other minerals were found in the calcite
‘veins along the Rio Cuy6n or elsewhere.

The largest quartz veins are near Poblado Carmen mainly in the
abandoned mine south of Quebrada Carmen at a point 600 meters
south of the church. A few thin veins of quartz also crop out in
the banks of the paved highway east of the church. The quartz
veins in the mine appear to have been deposited by hydrothermal
solutions. They contain small quantities of lead, zine, copper,
silver, and gold (Puerto Rico Bureau of Mines, 1939-41), but
most of them are less than 20 centimeters thick, and the thickest
was slightly less than a meter. Strike readings taken onthese
veins indicate three directions of orientation: N. 20-30°W.,
N. 10-20° E., and N. 60-70° E.

Two veins of calcite containing small, localized lenses of quartz
that are rich in galena lie north of the paved highway at Poblado
Carmen. Both veins have been prospected, but the findings
apparently were not encouraging enough to stimulate actual
mining. The vein northeast of Poblado Carmen strikes N. 70° E.,
and the vein at the western edge of the village strikes N. 20° W.
Other veins of mixed calcitq and quartz have been prospected in
the area around Poblado Carmen, but they also have yielded only
small amounts of galena.

METAMORPHIC ROCKS
HYDROTHERMAL ALTERATION

Extending from the vicinity of Monte El Gato southeastward
almost to the east-central edge of the quadrangle is an elongate
area in which the voleanic rocks have a variegated white and
hematitic red color that is quite different from the grayish color
of most of the volcanic rocks in the quadrangle. If delineated on
the basis of color, these rocks form a roughly vertical tabular
mass which is about 7.5 kilometers long and which averages about
a kilometer in width. This zone of coloration cuts diagonally
across formations A, B, and C and shows no preference for any
particular type of rock.

The rocks within this band are characterized by concentrations
of quartz, sericite, clay, and iron minerals. Locally the voleanic
rocks show relict structures, but in most places the original tex-
ture has been completely destroyed, and the rocks have been
altered to patchy or blotchy masses containing alternating grayish-
white siliceous zones and reddish-brown ferruginous zones.

Near the northwestern and southeastern ends of the area, two
peaks are held up by highly quartz-rich rocks. Monte El Gato,
the more prominent of these peaks, is made up almost entirely of
highly siliceous rocks containing secondary iron oxide in a box-
work pattern. The peak that lies near the southeastern end of the
area, just south of the 657.2 meter bench mark on Highway 15,
contains a smaller amount of quartz-rich rock than Monte El
Gato. The rocks at both of these localities, however, contain an
abundance of secondary quartz that forms huge boulders similar
to those in the Comerio quadrangle on Cerro La Tiza which is a
deposit of hydrothermally altered rocks (F. A. Hildebrand, per-
sonal communication). Quartz-rich boulders from Monte El Gato
litter its north slope all the way to the level of the Rio Matén.

Smaller lenses of hydrothermally altered rocks were found in
Barrio Jajome Alto, north of and parallel to the main mass, and
three small, roughly alined lenses of hydrothermally altered rock
crop out in Barrio Palmas south of the main mass. The lenses in
Barrio Palmas strike toward the northeast, approximately at right
angles to the strike of the main mass.

The mineralized zones or veins in the largest of the abandoned
lead-zine-gold mines south of Poblado Carmen are also the result
of hydrothermal alteration of volcanic rocks. These zones, which
range from a few centimeters to about 2.5 meters in width, have
a quartz-rich center which locally contains sulphides. Bordering
the quartz are bands that have been altered principally to clay
minerals, micaceous minerals, and ferric oxide.

The association of rocks rich in secondary quartz, clay minerals,
micaceous minerals and ferric oxide, together with the crosscutting
relationship of the variegated red and white color indicate that
these rocks were altered by hydrothermal solutions that probably
emanated from an underlying molten, plutonic igneous mass. The
hot waters charged with highly volatile gases probably moved
upward along fractures produced by the intruding mass. Exact
dating of the hydrothermal alteration is not possible, but it may
have occurred during the emplacement of the San Lorenzo batho-
lith, which possibly underlies much of the island at depth.

STRUCTURE

The rocks in the Cayey quadrangle were tilted to their present
attitudes by uplift, normal faulting, and gentle folding. Uncon-
formities apparently occur at the bases of formations B, C, and D
and also at the base of the Robles formation, indicating that

"diastrophic movements were probably frequent throughout the

period in which the rocks in the Cayey quadrangle were deposited.
Figure 4 is a tectonic map showing the principal structural fea-
tures of the quadrangle.

The strata in the northwestern part of the quadrangle have
been folded into a shallow syncline that plunges toward the north-
west. South of the syncline the rocks form a broad, shallow anti-
cline that becomes broader and flatter eastward so that the strata
of formation A along the eastern part of the quadrangle strike
toward the north and do not conform to the anticlinal structure.
The configuration of formation C suggests anticlinal folding, but
the eastward flattening of the structure and the overlap relation-
ship of formation C to formations A and B indicate that the out-
crop pattern of the formation although in part a result of gentle
folding is also in part a depositional feature. The change in the
structural pattern between formations A and B and formation C
was possibly caused by periodic changes in the shape, size and
perhaps location of the source area or areas, accompanied perhaps
by changes in the configuration of the adjacent basin of deposi-
tion during the time in which these formations were deposited.
During accummulation of formation C, the part of the quadrangle
covered by formations A and B possibly was a spur-shaped area of
land that had been uplifted following deposition of formations A
and B and was perhaps a site of voleanic activity.

The present westward dip of the rocks in the easternmost part
of the quadrangle may be in part a result of tilting caused by
the intrusion of the San Lorenzo batholith which crops out farther
east. This intrusive is younger than the Cretaceous rocks in the
Cayey quadrangle, and warping of the crustal rocks during its
emplacement may have altered older structural features.

Faulting has been the principal type of deformation. The rocks
in the north-central and northwestern parts of the quadrangle
have been cut into three large fault blocks by the intersection of
high angle, normal faults. The three major faults are the
Proyecto Véazquez, which has a maximum stratigraphic displace-
ment of about 550 meters; the Rio Matén, which has a maximum
stratigraphic displacement of about 300 meters; and the Quebrada

Collao which has a maximum stratigraphic displacement of more
than 350 meters. The Proyecto Vizquez fault strikes N.65° E.,
the Rio Mat6n fault strikes N.45° W., and the Quebrada Collao
fault strikes N.60° W. The three large fault blocks that are in
part bounded by the three major faults are subdivided into smaller
fault blocks by subsidiary faults, some of which strike toward the
northwest and others which strike toward the northeast. The
town of Cayey is on the northernmost of the large downfaulted
blocks. This block is formed by the intersection of the Rio Matén
fault and another fault which strikes N.55° E. The second down-
faulted block lies south of and adjacent to the Cayey block; and
is bounded along the north side of the Rio Matén fault, along the
south side by the Quebrada Collao fault, and along the east side by
a fault that strikes N.55° E. The third fault block, which lies
between the Proyecto Vizquez and Quebrada Collao faults, has
been subjected to more subsidiary faulting than the other two.
The part of this block that lies between Las Tetas and Proyecto
Vézquez has been cut into several irregularly shaped blocks.
Southwestward from Las Tetas each of these blocks has been
dropped more than the one adjacent to it on the northeast. Along
the Proyecto Vazques fault, therefore, rocks of the upper part of
the Robles formation lie in juxtaposition to rocks in the lower part
of the formation. The movement of all three of the large blocks
was rotational; the maximum amount of downthrow occurs at the
southeastern corners of the blocks.

Many fractures and joints were seen in the southern, south-

.eastern, and west-central parts of the quadrangle. Most of these

strike either toward the northwest or toward the northeast.
Quebrada Carmen, a tributary to the Rio Jajome, is controlled by
two sets of joints that follow this pattern, as do the dikes and
veins that crop out around Poblado Carmen. A part of the course
of the Rio Seco follows what seems to be a regional fracture or
joint that strikes N. 70° E. The line of dioritic dikes that crops
out across the south-central part of the Cayey quadrangle and
the north-central part of the Central Aguirre quadrangle strikes
N. 65° E. and probably follows a fracture. The band of hydro-
thermally altered rocks and a projection of the line of dikes pre-
viously mentioned converge eastward and intersect in the vicinity
of plutonic rocks in the western part of the adjacent Patillas
quadrangle.

The rocks surrounding the Cuyén intrusive in the northwest
corner of the quadrangle are highly deformed and sheared, and the
rocks along the Quebrada La Palma road are cut by many fractures.

GEOMORPHOLOGY

The rocks of the Cayey quadrangle are so generally similar
lithologically that the influence of the structure upon the devel-
opment of land forms has not been strong. A few local land
features, however, are resultants of variations in the relative
resistance of the underlying rocks. Monte El Gato, situated near
the northwestern end of the belt of hydrothermally altered rocks
is formed mainly of secondary quartz and other secondary sili-
ceous minerals that resist weathering more than the surrounding
volcanic rocks. La Piedra and Pefia Domingo in Barrio Piedras
and Las Tetas and several other local high points in Barrio Cuyén
are developed on the Las Tetas lava member, which is slightly
more resistant than the underlying volcanic siltstones. The Rio
Matén limestone member at the base of the Robles formation is
slightly more resistant than the overlying siltstones and under-
lying volcanic rocks and forms a line of low knobs and cliffs,
particularly along the south side of the Rio Matén.

Faulting, fracturing, and jointing have influenced the develop-
ment of some landscape features. The Rio Matén flows parallel
to a fault that seems to be regional in its extent. The scarplike
northern side of Monte Llano southeast of Cayey is adjacent to a
fault which intersects the Rio Matén fault at a point just south-
west of Cayey. The triangular-shaped area of relatively low
relief that lies north of the intersection of the two faults is part
of a downfaulted block. Quebrada Collao and several of the small
streams that converge near Proyecto Viazquez follow faults.
Quebrada Carmen, a tributary to the Rio Jadjome, is controlled in
part by two sets of joints, one of which strikes northwest and the
other northeast. The Rio Seco, after flowing southward essentially
along strike for some distance turns abruptly southwestward
along either a joint or a fracture that strikes N. 65° E.

The topographic features in the Cayey quadrangle are the results
of uplift and dissection by stream action. The land surface of the
quadrangle now consists entirely of ridges and valleys. It is,
therefore, in the mature stage of the geomorphological cycle. All
the streams, however, are youthful, and the Rio Jijome and the
Rio Lapa in particular are eroding headward into the Cordillera
Central —Sierra de Cayey at a rapid rate. Small meanders have
been formed locally by the Rio Jijome, but the stream has no
flood plain and follows a narrow channel throughout its course.

The Rio JAjome shows some adjustment to the folded rocks
across which it flows. The main tributaries to the headward part
of the stream flow almost directly down the dip of the rocks. The
main channel of the headward part of the Rio Jijome, however,
flows northwestward parallel to the belt of hydrothermally altered
rocks until it reaches Barrio Jajome Bajo where it turns south-
westward and flows essentially along strike. Both the Rio Jajome
and the headward part of the Rio Majada flow in the direction of
plunge of an anticline.

ECONOMIC AND ENGINEERING GEOLOGY

Ground water.—Most of the rocks of the Cayey quadrangle are
too dense to serve as reservoirs for the storage of large quantities
of ground water except locally in the porous surficial deposits in
the vicinity of Cayey and along faults, joints, and fractures. The
supply of water available, therefore, is in almost direct proportion
to the amount of rainfall.

The crest and northern slopes of the Cordillera Central—Sierra
de Cayey receive moderate to heavy year-round rainfall, which
provides an adequate water supply for the northern third of the
quadrangle. The rural residents use water from springs and
streams, but the water supply for the town of Cayey and for the
military reservation there comes from wells. Although the rain-
fall is less in the area around Cayey tham on the mountains
immediately to the south, runoff from the mountains seeps readily
into the porous alluvial-fan deposits and is stored mainly in the
underlying highly faulted and fractured bedrock. C. L. McGuinness
(1948) in a report on the ground-water resources of Puerto Rico
says that the average initial specific capacity of the 10 wells in
use at Cayey is about 7 or 8 gpm per foot and that these wells
seem to be considerably more productive than the average for wells
in Cretaceous rocks in the island as a whole. The water from
these wells apparently comes from the bedrock. In those wells
that penetrate the surficial deposits before reaching bedrock,
production comes from what apparently is a relatively thick
weathered or saprolitic zone at the top of the bedrock.

The part of the quadrangle south of the Cordillera Central —
Sierra de Cayey is dependent during most of the year upon water
that is brought southward by the streams from the higher and
wetter southern slopes adjacent to the crest. Some shallow
wells have been dug in the alluvium along the stream beds in the
southern third of the quadrangle, and the water supply for
Hacienda Julia comes from such a well. An aqueduct has been
built along the Rio Jajome and the Rio Majada from Hacienda
Clavell southward to Rabo del Buey and another along the Rio
Lapa from a point south of Capilla de Santa Marta to Rabo del
Buey where it joins the aqueduct from Hacienda Clavell. Both of
these were built to pick up water and carry it southward before it
seeps into the alluvium, which thickens toward the west and
southwest.

In the future any substantial demands for additional water in
this area will have to be supplied by water that is piped in from
reservoirs in adjacent areas, such as Lago Carite, which lies to the
east of this quadrangle. Small additional supplies might be
obtained from the stream alluvium.

Mineral deposits.—No metallic mineral deposits of commercial
value were found in the Cayey quadrangle, but small amounts of
lead, zine, copper, silver, and gold are reported to have been mined
in the vicinity of Poblado Carmen at various times in the past.
A number of small prospect pits have been opened in the Carmen
area, but most of the ore extracted to date apparently has come
from the small mine that lies south of Quebrada Carmen. This
mine and two others from which production has been reported
have been plotted on the map. The two mines north of Quebrada
Carmen supposedly yielded only lead. The tonnage of ore removed
is not known, but considering the small size of the mines and
thinness of the veins the production cannot have been very large.

Samples containing some gold were taken from the mine south
of Quebrada Carmen in 1939 by H. C. Ray of the U. S. Bureau of
Mines, but the findings were not encouraging enough to stimulate
mining.

Foundation stability.—The bedrock of the Cayey quadrangle in
general is hard and dense and, therefore, forms excellent founda-
tions for both buildings and roads. Fresh rock forms very rough,
rocky surfaces for unimproved roads, but after smoothing it pro-
vides an excellent base course for improved roads.

Highly faulted areas and particularly fault zones should be
avoided as dam and tunnel sites not only because the faults are
lines of weakness, but also because they are susceptible to seepage.

Hydrothermally altered rocks, although locally resistant where
the quartz content is high, weather more rapidly than unaltered
rocks and are subject to landslides on steep slopes because of their
high clay content.

Road material.—Limestone of the Rio Matén member of the
Robles formation, particularly along the south side of the Rio
Matén, is an excellent source for a fairly large supply of road
metal. Much of the flow rock in the quadrangle is suitable for
road metal, but the material is somewhat more difficult to crush
than limestone. The flow material is not as good for a base course

‘as limestone because it is harder, more brittle, and resists

compaction.

Concrete aggregate.—Limestone, sand and gravel, and dense
fine-grained flow rock make good concrete aggregates. The Rio
Mat6n limestone member of the Robles formation is the best
source for aggregate material. A small amount of sand and gravel
is available along the Rio Lapa and the Rio Majada in the vicinity of
Rabo del Buey. Most of the flows in the quadrangle, although not as
desirable as limestone and sand and gravel, are nevertheless suit-
able for concrete aggregate. The Las Tetas lava member contains
a large supply of suitable aggregate material. Porphyritic flows
with large phenoecrysts like the Lapa lava member of the Robles
formation and porous amygdaloidal flows like some of those in
formation C south of the Rio Majada are not as desirable for
aggregate because they have lower strength than dense, fine-
grained flows. The porous amygdaloidal flow rock also may collect
excessive amounts of water.

Weathering characteristiecs.—The silty clay soils that form over
the rocks in the Cayey quadrangle as a result of chemical weath-
ering are generally less than a meter thick and contain many rock
fragments, except locally along the crest of the Cordillera Central—
Sierra de Cayey and over the hydrothermally altered rocks where
the soil and saprolite is several meters thick. In the part of the
quadrangle that lies south of the crest of the Cordillera Central —
Sierra de Cayey the soil is so thin in most places that loose frag-
ments and boulders of rock lie on the surface. The contact
between soil and bedrock is relatively abrupt at most places, but
the saprolite zone beneath the soil is generally thick enough to
support trees. Extensive accumulations of large boulders and
talus sheets are locally developed on the slopes below massive
outerops. The most prominent of these occur to the north and
northwest of Vertedero, to the south and southwest of Las Tetas,
on the slopes surrounding Cerro Planada, on the slopes south of
the Rio Lapa at a point 1.3 kilometers northwest of Pefién de Los
Soldados, on the slopes immediately south of Pefiéon de Los
Soldados, on the slopes surrounding Monte El Gato, on the south
slope of the Sierra de Jajome north of Poblado Carmen, and
locally on the southwestern side of the Sierra De Cayey. Most of
the ravines and short tributaries on the steep slopes are clogged
with boulders of all sizes.

The more deeply weathered areas in the quadrangle are restricted
to the crest of the Cordillera Central —Sierra de Cayey and the
slopes adjacent to the crest and to the area of hydrothermally
altered rocks. Two weathered areas lie along the crest of the
Cordillera Central—Sierra de Cayey, and a third—a part of the
weathered hydrothermally altered rocks—crosses the crest. The
largest of these zones lies between the intersection of High-
way 15 and the Culebra road and Cerro de la Tabla and extends
from the crest of the Sierra de Cayey eastward into the Patillas
quadrangle. A second area that parallels the crest of the
Cordillera Central and has a maximum width of about a kilometer
extends from the northwest corner of the quadrangle southeast-
ward to a point about a kilometer southeast of Pefia Dominga.
The third weathered area overlies the hydrothermally altered
rocks. A part of the bulbous northwestern end of this zone lies
along the crest of the Cordillera Central—Sierra de Cayey both
west and east of Monte El Gato. The thickness of the soil and
saprolite in these three areas ranges from a few meters to approx-
imately 10 meters. The deepest weathering occurs in the area
that lies in the east-central part of the quadrangle.

Landslides.—Large-scale landslides have occurred in the Cayey
quadrangle only on the slopes north of Monte El Gato, where
accumulations of the tremendous boulders of quartz-rich rock
from the peak have caused the deeply weathered material on the
northern flank to slide. These slides have carried rock debris
northward almost to the Rio Matén (see map).

More sliding is possible both on the north and south flanks of
Monte El Gato and on a small scale in the other two weathered
areas on the Cordillera Central. Large accumulations of boulders
on hillsides and in ravines may slide during torrential rains.

REFERENCES

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

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, New York Acad. Sei.

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

Pease, M. H., and Briggs, R. P., in press, Geology of the Comerio
quadrangle, Puerto Rico: U. S. Geol. Survey Mise. Geol. Inv.
Map 1-320

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

Puerto Rico Bureau of Mines: An appendix to the Annual Report
for fiscal years 1939-41.

Semmes, D. R., 1919, Geology of the San Juan district, Porto Rico,
in, Scientific Survey of Porto Rico and the Virgin Islands, v. 1,
pt. 1, New York, New York Acad. Sei.

i 66015, ! n”
18°07/30" . — — - - .

5!

(COAMO)

2 I3 ()I.F

,
(COMERIO)

.

18"“‘[’)(}:0 L ——— e : — — ' 10730 (CENTRAL AGUIRRE)
66°15

Base map by Topographic Division 7 . " Scale (1)'20000 | Mile

U. S. Geological Survey, 1953 i — — : : ; . —— —_— — =)
8| |2
% c 1 5 0 1 2 3 Kilometers
2|13 | E e
EE Contour interval 10 meters

APPROXIMATE MEAN
DECLINATION, 1960

+
S O T b ]
P
L

+

B o e A
?hﬂ.,.,r_;s-;i«;‘fzg__.,q‘a\é};-,ﬁn'
: e O AT RS

COEE T T T I R I S I

X
T = AR i
L A P N N B B S G N T g e N N T A

OF FORMATION A

g T e —— e S o e . <3 T = "y ey o e
R if%%*.‘ﬁ‘}{m‘*’{aﬁmfﬁ?ﬁ‘?‘@“ﬁ?ﬁfm DR R eI
ﬁ-, BN S TS L ot A e N T T 2 A I
st 2= R R I L R R S S +
LA I N R T T S S S R T S T T I R A I I I S T I DT T I R 2
+ + + + + + + + + & + L T R R T T TR I T I T . N A + o+ +
AL B s S WA= e e e - + +
+ + + + + + + + + + LI L R I N S I T I T T T S + + + + 4+ + 4+ + + ¥ +
g T e L N I N T T TR R T T S SHbE 75 & % % Ak e % B A L
T rf{%‘f{{.ﬁ_ R T R trdydat  to .+ 4 4+ 4+ 4+ 4t bbb+ 4+t
it -?‘A = 'J\;‘ LA I S . I . L I S . S A S BT T B I N B IR R I 2 R I I B D D I S I S A . D R S
o o K X T . + L S S S SR T T T T SO E  E E SE S S T SR S S
Sy N o TS D R S A F T T+ bt 4 2+ &
- L T S I e T T T T T T e R S S S S S S S S
+ + + + + % + 4+ 4+ ¢+ + + + + * + + + + 4+ 4+ + + + + F 4+t F A+ F + + + + F + s

FIGURE 2. GENERALIZED SECTION SHOWING THE STRATIGRAPHIC RELATIONSHIP OF THE MEMBERS
OF FORMATION B

BETWEEN MEMBERS
OF THE ROBLES FORMATION AND THE CARIBLANCO FORMATION

Datum is mean sea level

EXPLANATION

Fine-grained volcanic breccia and
interbedded volcanic sandstone

Voleanic siltstone

oo

Limestone

66°15' 66°07'30"

FIGURE 4. TECTONIC MAP SHOWING PRINCIPAL FAULTS, AXES
OF ANTICLINES AND SYNCLINES, AND FRACTURED ZONES

18°07'30"

18°00'

66°07'30"
18°07'30"

Geology mapped by H. L. Berryhill, Jr. Lynn Glover, 3d, Contact
and M. S. Tischler in 1956

18%00"

EXPLANATION
STRATIFIED ROCKS

Qa

Alluvium and alluvial-terrace deposits
Unconsolidated silt, sand, gravel, cobbles, and
boulders along beds of all streams and on narrow
floodplains and terraces adjacent to stream
channels

Qf

Alluvial-fan deposits
Chiefly unconsolidated silt, sand, gravel and boulders
along north side of Monte Llano

Y
QUATERNARY

Colluvium
Landslides and talus deposits; includes mixture of
clay, silt, angular rock debris and boulders of
many sizes J

Cariblanco formation
Chiefly massive volcanic conglomerate, Kc; includes
a thin porphyritic andesite flow, Kcl

Robles formation
Consists chiefly of lapilli tuff, limestone, volcanic
siltstone and sandstone, lenses of conglomerate,
and basaltic andesite flows; includes unit of lime-
stone, Krol; thin andesite flow, Krof; Collao mem-
ber which consists chiefly of siltstone, Kros, but
includes lenses of conglomerate, Kroc; Las Tetas
lava member, Krt, including tongues of conglom-
erate, Krtc, and siltstone, Krts; Cayey siltstone
member, Krc, including at top a lenticular bed of
conglomerate, Krce; Lapa lava member, Krl, which
is intertongued with the Cayey siltstone member;
Rio Matén limestone member, Krr, and unit of

lapilli tuff, Kru

Formation D
Predominantly andesite flows; includes locally in
lower part bedded, tuffaceous caleareous sandstone
and breccia, and, locally at base, Aguas Buenas
limestone member, Kda. South of Cayey forma-
tion characterized by reddish color

Y
CRETACEOQUS

Formation C
Interstratified massive andesite flows, Kcf; flow
breccias, Kcfb; and massive volcanic breceias, Kevb;
includes in southwestern part of guadrangle several
extensive amygdaloidal andesitic flows, Kcfa, one
group of which 1is characterized by aphanitic
texture, Kcfaa

Formation B

Includes in lower two-third rudely stratified vol-
canic breccia, Kb, and intertongued andesite flows
and flow breccias, Kbf, which thicken northward;
in the upper third bedded volcanic breccia, thin
interbedded units of sandstone and thin andesitic
flows, Kb, Also includes several thin lenses of
limestone, Kbl, associated with breccia and
sandstone

(PATILLAS)

= =
Formation A
Andesite flows and flow breccias, Kaf, interstratified
with volcanic breccia, conglomerate, sandstone,
and siltstone, Ka; siltstone restricted to south-
eastern and northeastern parts of quadrangle.
Volcanic breccia, sandstone, and siltstone in a
series of repeated cycles in southeastern part of
quadrangle J

INTRUSIVE ROCKS

al NG 4
Hornblende-quartz diorite
Stock of equigranular intrusive rock; principally
2'30" plagioclase, quartz, hornblende, magnetite, and
orthoclase; includes several smaller bodies nearby
with porphyritic texture believed to be genetically
related but whose mafic minerals are partly altered

Hornblende-magnetite diorite

Small stocks of equigranular intrusive rock consisting
of plagioclase, hornblende and magnetite

Diorite

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

Thy
Hornblende andesite
Dikes of porphyritic hornblende andesite consisting

of phenocrysts of hornblende and plagioclase in
fine-grained groundmass

Undifferentiated intrusive rocks,
probably diorite

Y
TERTIARY (7)

&2

X
Dioritice(?) sill
Feldspathic rocks of granitoid texture; mafic minerals
altered to chlorite; overlies upper unit of Robles
Sformation J

Kan’

Andesite >

Dikes and small stock of porphyritic andesite
consisting of phenocrysts of plagioclase and
pyroxene in aphanitic groundmass J

CRETACEOQUS ()

METAMORPHIC ROCKS

___
Hydrothermally altered volcanic rocks
Mottled red and white very siliceous rocks, hydro-
thermally altered from flows and volcanic sediments

CRETACEOUS
OR TERTIARY
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