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CORRELATION OF MAP UNITS
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DESCRIPTION OF MAP UNITS

ALLUVIUM (HOLOCENE AND PLEISTOCENE)—Clay, silt, sand, and gravel in
major stream valleys; merges with colluvium along valley walls; in the Lajas
valley consists mainly of silt and clay with fine sand lenses which grade into
sand and gravel fan deposits on the north and south sides of the valley

PONCE LIMESTONE AND JUANA DIAZ FORMATION, UNDIVIDED
(MIOCENE AND OLIGOCENE)—Yellowish-white to yellowish-orange
loosely cemented, somewhat friable calcirudite and calcarenite containing
abundant oyster shells with minor corals and internal molds of large gas-
tropods. Finer grained material contains abundant examples of Marginopora
sp. Limited, in the San Germédn quadrangle, to three small hills, which
probably represent bioherms on the eastern part of the border with the
Parguera quadrangle. Locally consists of reddish-brown to reddish-orange,
medium- to coarse-grained gravel loosely cemented with calcite and hematite.
Exposure located approximately 1 km east of Llanos on Highway 101

JICARA FORMATION (EOCENE)—Reddish-orange, yellowish-orange, yellowish-
brown, rarely pinkish-white, very fine grained, silceous, locally calcareous
volcanic siltstone and mudstone. Consists chiefly of a cherty matrix with
scattered minute grains and veinlets of calcite and anhedral clasts of feldspar.
Typically shows rounded, oval to lenticular spots 0.5-1 mm in diameter sur-
rounded by areas of hematite-limonite staining. These spots are alined and
elongated parallel to bedding planes. Textures within the spots do not
differ from those within the hematite-limonite stained areas. The spots
may have been produced organically or may be due to an inorganic chemical
phenomenon in the sediment. Bedding ranges from 5-30 cm and is well
displayed by strong bedding plane parting. The rock is extremely well
indurated and fractures choncoidally in directions other than along parting.
Thickness is approximately 220 m

QUARTZ DIORITE DIKES (TERTIARY? AND MAESTRICHTIAN)-Light-
gray, light-greenish-gray porphyritic rock characterized by large phenocrysts
of plagioclase (andesine) as much as 20 mm in length accompanied by quartz
phenocrysts as much as 5 mm in diameter and sparse biotite; phenocrysts
are set in a fine-grained, equigranular, xenomorphic groundmass which con-
sists chiefly of plagioclase and quartz; plagioclase phenocrysts are typically
blocky crystals, strongly zoned; large quartz phenocrysts are rounded, and
some are deeply embayed; accessories include hornblende, apatite, zircon
and magnetite. The rock is commonly partially altered to sericite, chlorite,
carbonate, and locally, zeolites. Weathers to a light-brownish-white or
grayish-white gruss

TWO-PYROXENE BASALT PROPHYRY (UPPER CRETACEOUS?)—Black to
dark-brownish-black vitroporphyritic intrusive rock containing phenocrysts
of plagioclase (labradorite, Angg), clinopyroxene, and orthopyroxene
(bronzite) in an abundant opaque red-brown glass. Plagioclase phenocrysts
occur mainly as twinned laths, rarely as blocky, strongly zoned crystals,
some crystals slightly sericitized. Clinopyroxene occurs in subhedral crystals
some of which are slightly corroded and deeply embayed by the glass matrix;
shows essentially no alteration. Orthopyroxene occurs as blocky, euhedral
phenocrysts partly altered to serpentine and nontronite. Intruded by several
dikes, as much as 2 m thick, of same composition as host rock. Along con-
tacts with limy mudstone, porphyry contains silicified xenoliths of the mud-
stone. Weathers to a dark-brown gruss; deep roadcuts reveal well-developed
spheroidal weathering typical of the unit

BASALTIC ANDESITE (UPPER CRETACEOUS?)—Dark-gray to dark grayish-
purple porphyritic andesite and basalt consisting chiefly of abundant
phenocrysts of plagioclase (andesine-labradorite) and various combinations
of clinopyroxene, urthopyroxene, hornblende, oxyhornblende, and rare
olivine in a fine-grained to aphanitic matrix. Plagioclase crystals are lath-
shaped or equant and partially to completely saussuritized. Clinopyroxene
occurs as subhedral single twinned crystals, as mineral aggregates, and as rim
overgrowths on orthopyroxene. Orthopyroxene forms blocky or rectangular
phenocrysts. Hornblende and oxyhornblende crystals are euhedral to
subhedral with strongly resorbed hematitic borders. Theserocksare generally
partially to strongly replaced by albite, epidote, chlorite, calcite, quartz and
locally zeolites; replacement is so complete in some areas that only the out-
lines of former phenocrysts remain. Trachytic texture is pronounced locally,
but generally flow foliation is absent

EL RAYO FORMATION (MAESTRICHTIAN)—Chiefly dark-grayish-purple to
black, massive or brecciated porphyritic, locally amygdular, lava and tuff
breccia. Lavaand breccia fragments commonly contain abundant phenocrysts
of plagioclase (andesine-labradorite), green hornblende, clinopyroxene,
olivine, and rarely euhedral crystals of oxyhornblende. Plagioclase is
generally altered to a mixture of chlorite and sericite; green hornblende is
poikilitic, and locally forms glomeroporphyritic aggregates; clinopyroxene is
typically replaced by carbonate and (or) chlorite; olivine occurs as skeletal
crystals which have been largely replaced by serpentine and iddingsite. The
matrix is an aphanitic to submicroscopic assemblage of well- to poorly
oriented plagioclase needles, chloritized mafic minerals, and magnetite
grains. Zeolites and prehnite occur as amygdule fillings. Epidote and
calcite veins are common throughout the unit. Minor tuff-breccia commonly
contains carbonate filling the interstices between the fragments

Rayo Formation, limestone lenses (Maestrichtian)—Light- to dark-gray, to

very dark gray, locally light-yellowish-brown-weathering, thin-bedding to

massive bioclastic limestone. Typically consists of mollusk fragments

(predominantly rudists) in a sparry to micritic matrix; locally contains

scattered fecal pellets and (or) abundant larger Foraminifera; commonly

argillaceous. Typified by rudists of the genera Titanosarcolites, Distefanella,
and Parastroma. Massive limestone in northern part of outcrop area locally
cavernous

SABANA GRANDE FORMATION (MAESTRICHTIAN AND CAMPANIAN)—
Gray, dark-greenish-gray, and purplish-gray andesitic crystal-lithic tuff,
tuff-breccia, and conglomerate with minor basaltic lava and breccia.
Andesitic rocks typically contain abundant clinopyroxene and calcic andesine
crystals in a fine-grained, commonly silicified matrix. Green hornblende or
oxyhornblende occurs locally in addition to, or without, clinopyroxene.
Plagioclase is typically strongly altered to sericite or sausserite; mafic minerals
are altered to chlorite and epidote. Accessories include magnetite, apatite,
and rare quartz and biotite. Fibrous chlorite is very common as a pore
filling. Bedded tuffs along Rio Cain 1.5 km north of Escuela Jose de Diego
contain disseminated pyrite. Locally, tuffs contain filbrous chlorite,
glauconite(?), and in one locality, 0.5 km southwest of Escuela Jose de
Diego, chalcedony as pore fillings. Conglomeratic sequences which occur
throughout the formation are composed of rounded to subangular clasts
of tuff, tuff-breccia, and lava in a fine-to coarse-grained matrix typically of
plagioclase, clinopyroxene, and tuff fragments with interstitial calcite,
rare authigenic quartz, and locally zeolites and prehnite. Basaltic lava
flows contain labradorite, clinopryoxene and rare olivine phenocrysts in a
fine-grained to aphanitic groundmass. Quartz occurs as rare xenocrysts.
Basalt flows are absent in the area south of the Rio Guanajibo. Well-bedded
epiclastic tuffs are more common south of the Rio Guanajibo than in the
area to the north

Sabana Grande Formation, limestone lenses (Maestrichtian and Campanian)—
South and north Guanajibo Valley; chiefly light- to dark-gray, massive,
discontinuous lenticular bodies of calcarenite and calcirudite made up of
mollusk fragments, fecal pellets, and echinoid spines typically in a sparry
cement. Near base of formation contains the rudist Barrettia gigas. Con-
glomerate of volcanic and limestone clasts developed at base of some lenses.
Dark-gray to very dark gray, thin- to medium-bedded, commonly argillaceous
calcarenite and calcilutite comprised of recrystallized larger Foraminifera in
an abundant micritic matrix in the northern part of the quadrangle

COTUI LIMESTONE (MAESTRICHTIAN AND CAMPANIAN)—Medium-gray
to brownish-gray, thick-bedded to massive, dense bioclastic limestone;
generally composed of rudist fragments in an abundant micritic to sparry
cement; in some places, contains abundant fecal pellets, sparse larger
Foraminifera, and rare oolites. Other minor and local constituents include
authigenic quartz, glauconite, and very rare hematite. Rudists are principally
Barrettia gigas and Radiolitidae. Locally contains concentrations of the
large gastropod Trochaeteon sp. Exposures containing abundant fecal
pellets generally show much better developed bedding than those which are
primarily made up of skeletal debris. Limestone shows strong solution
effects and locally is cavernous. Surfaces of most exposures exhibit well-
developed karren

LAJAS FORMATION (CAMPANIAN OR OLDER)—Chiefly grayish-purple,
light- to dark-grayish-red, rarely grayish-green seriate-porphyritic basalt
flows and minor tuffs consisting mainly of euhedral to subhedral plagioclase
(labradorite, Ang,_¢) and oxyhornblende phenocrysts, as much as 5 mm
in length, within an aphanitic to glassy matrix. Locally, pseudomorphs of
iddingsite and serpentine, after olivine and phenocrysts of partially to
completely altered clinopyroxene and orthopyroxene occur in various com-
binations with plagioclase and oxyhornblende. Accessory minerals are
apatite, zircon, biotite, and rare quartz (xenocrysts?). Plagioclase pheno-
crysts are commonly zoned, show resorption effects, locally display reaction
borders of fine-grained magnetite or hematite and are altered to sericite and
locally calcite. Oxyhornblende phenocrysts are strongly poikilitic with in-
clusions of plagioclase, apatite, and rarely zircon, and are typically altered
to magnetite or hematite. Clinopyroxene is altered to chlorite, calcite and
(or) fine-grained magnetite. All mafic phenocrysts are bordered by magnetite
or hematite. The matrix consists chiefly of fine needles and laths of
plagioclase, which commonly exhibit trachytic texture, accompanied by
minute granules and octahedra of magnetite, needles of hematite, and locally
needles of actinolite(?). In some localities, much of the matrix consists

Contains a zone of coarse-grained breccia consisting of clasts, most of which
are rounded, ranging from about Scm to as much as 1.5 m in diameter.
Lithology of the clasts is consistent with that of typical rocks of the Lajas
Formation, that is, phenocrysts of labradorite, oxyhornblende and rare
biotite in a matrix of plagioclase and magnetite or hematite. Grain size and
color, however, vary from one clast to another; grain size from fine- to
coarse-grained and color from pinkish-white to dark-reddish gray; clasts are
enclosed in a greenish-gray to reddish-gray matrix which is porphyritic with
phenocrysts of euhedral to subhedral plagioclase and hornblende in a fine-
grained to aphanitic groundmass

LAS TUNAS STOCK (CAMPANIAN?)—Grayish-green, grayish-brown, or grayish-
pink diorite porphyry consisting of abundant unoriented subhedral to
euhedral plagioclase (andesine Anyg 45) and hornblende phenocrysts as
much as 5 cm in length in a fine- to medium-grained, rarely aphanitic matrix
of anhedral plagioclase, and chloritized mafic minerals. The rock is strongly
altered; plagioclase is replaced by sericite and epidote, hornblende by epidote.
chlorite, and locally completely replaced by calcite. Accessories include
quartz, magnetite, apatite, zircon and rare phenocrysts of biotite. Chlorite,
is addition to mineral replacement, commonly occurs as fibrous aggregates;
calcite is common as anhedral interstial fillings

YAUCO FORMATION (MAESTRICHTIAN TO CENOMANIAN)—Brownish-
gray, dark-gray to black where fresh, yellowish-brown to yellowish-orange
where weathered, thin- to medium-bedded variously interbedded calcareous
siltstone, argillaceous limestone, claystone, fine-grained tuff, and conglomer-
ate (Kyc). Siltstone and claystone are most abundant and are composed of
fragments of pelagic Foraminifera, subordinate shell debris, and angular to
rounded mineral clasts—mainly plagioclase. The matrix is generally an
argillaceous micrite locally containing finely disseminated pyrite. Locally
siltstone-claystone sequences have been silicified to thin-bedded yellowish-
orange, reddish-orange or very dark gray chert. The chert zones range from
0.5 m to 10 m in thickness, appear to be laterally discontinuous, and are
interbedded with nonsilicified siltstone and claystone. Sandstones contain a
higher percentage of mineral clasts and locally are noncalcareous. Tuffs are
generally brown to dark-brown, thinly bedded and laminated units within
siltstone-claystone sequences and locally show graded bedding

Yauco Formation, Conglomerate phase—Generally consists of rounded clasts of
volcanic rock, siltstone and claystone and rare limestone in a generally
noncalcareous sand or silt matrix. Stratification is generally poor; con-
glomerate intervals range from about 5 m to more than 20 m thick. Con-
glomerate southeast of San German contains abundant rounded to angular
clasts of chert as well as the typical components noted. A small block,
faulted against serpentinite 0.5 km south of San Ramon, contains a con-
glomerate with clasts of serpentinite and chert in a calcareous matrix

PARGUERA LIMESTONE, LOWER MEMBER (CAMPANIAN TO
SANTONIAN)—Basal part at Finca Juanita consists of thick- to medium-
bedded conglomerate of sand- to cobble-size, rounded to angular clasts of
volcanic rocks and chert with minor serpentinite and amphibolite; con-
glomerate grades upward to medium- to thin-bedded grayish-orange to pale-
yellowish-brown volcaniclastic calcarenite, calcareous mudstone, and lenses
(to 20 m) of coarse-grained, light-gray bioclastic limestone composed of
skeletal debris including fragments of mollusks, solitary corals, and larger
Foraminifera; locally contains scattered glauconite grains. Bedding in
calcarenite and mudstone planar to wavy, generally with well-developed
bedding plane parting. (Only lower member exposed in the San Germén
quadrangle)

ALTERED VOLCANIC ROCKS (CRETACEQUS?)—Pale-green to dark-grayish-
green porphyritic lava most of which has undergone strong propylitic alter-
ation. Least altered specimens show original rock to have been composed of
plagioclase (andesine), clinopyroxene, and green hornblende phenocrysts set
in an opaque glassy matrix with abundant plagioclase and pyroxene micro-
lites. Alteration products are epidote (sausseritic?), calcite, chlorite, serpen-
tine, magnetite, abundant matrix quartz, and locally zeolites. No known
correlatives in the San Germén quadrangle

MAGUAYO PORPHYRY (LOWER CRETACEOUS?)-—Light greenish-gray to
dark-gray, grayish-pink porphyritic quartz diorite made up of sparse to
abundant phenocrysts of plagioclase (sodic andesine), hornblende, biotite,
and locally quartz set in a fine-grained, granular matrix of plagiochase, quartz,
and chloritized mafics. Most plagioclase phenocrysts are blocky and strongly
zoned; quartz phenocrysts are rounded and commonly deeply embayed;
biotite occurs as euhedral crystals and as anhedral shreds; hornblende is
commonly subhedral; accessories include apatite, zircon, magnetite, and
hematite; plagioclase is typically altered to sericite, biotite to a mixture of
chlorite and epidote, and hornblende to carbonate; carbonate occurs ad-
ditionally as anhedral grains in the matrix. Mineral orientation is generally
random, although locally the matrix exhibits poorly developed trachytic
texture

MARIQUITA CHERT (LOWER CRETACEOUS AND UPPER JURASSIC)—
Yellowish-red, brownish-red, grayish-green, black, or white fine- to medium-
grained bedded chert with rare amygdular basalt and silicified limestone
lenses (KJml). Chert typically consists of an interlocking mosaic of micro-
crystalline quartz, which in many areas has been partially to completely
recrystallized. Generally is fractured or brecciated; quartz and (or) calcite
and commonly limonite-hematite fills fractures and voids between breccia
fragments. Radiolaria and locally Foraminifera are abundant constituents.
Locally the Radiolaria are completely recrystallized and may be selectively
stained by iron oxide. Bedding is 2-30 c¢m thick but is commonly obscured
or indistinct because of intense brecciation; characteristically lenticular;
the lenses range from 1-4 m in length and are separated by clay partings.
Locally beds are deformed by small-scale slump-folding. Amygdular basalt
occurs as black to greenish-black flows 1-3 m thick. It consists of felted
plagioclase needles in an opaque, hematite-rich glassy matrix. Amygdules
are filled with calcite and microcrystalline silica or both

Mariquita Chert, limestone lenses—Grayish-red to grayish-yellow; 5-15 m thick;
consist of highly recrystallized calcite which has been strongly replaced and
veined by silica )

CAJUL BASALT (LOWER CRETACEOUS? AND UPPER JURASSIC?)—
Blackish-red, blackish-red-purple, and brownish-black porphyritic amygdular
basalt; chiefly composed of plagioclase (labradorite, Ang ¢ _54), which occurs
as sparse blocky untwinned phenocrysts, 1-3 mm in length, and as abundant
smaller twinned laths; larger phenocrysts are zoned and are commonly
selectively altered to calcite along preferred zones; some large phenocrysts
are strongly sericitized; plagioclase laths exhibit felted to trachytic texture
and are altered to sericite, calcite, and hematite. Olivine occurs as rare,
corroded phenocrysts which are altered to calcite and iddingsite; matrix
consists of nearly opaque glass which contains abundant granules and
microlites of magnetite and hematite; glass has been altered to epidote and
locally, to chlorite; amygdules are filled with calcite; thin veins are filled
with calcite and (or) epidote

SERPENTINITE (LOWER CRETACEOUS AND UPPER JURASSIC)—Black,
blackish-green, pale-green, bluish-green, rarely grayish-red, pervasively
fractured and sheared rock consisting primarily of serpentine minerals.
Vague outlines of pyroxene and olivine grains in some specimens. Pyroxene
grains are serpentinized in a characteristic boxwork texture and persist as
pseudomorphs (bastite), which display megascopic reflective surfaces of
relict cleavage planes. Accessories are magnetite and chromite. Outcrops
are characterized by extreme shearing which locally produces a strong
foliation. Angular to rounded breccia clasts range from less than 1 cm to
several meters in diameter. Slickensides are typically well developed on all
clast surfaces. Some outcrops are intruded by highly altered dikes of prob-
able andesitic-basaltic comiposition. These dikes are too small to show
at map scale. The serpentinite is cut locally by thin veins of magnesite.
Immediately south of Highway 329, 0.2 km west of the eastern border of
the quadrangle, a small zone of less-altered ultramafic rock is mapped with
the serpentinite. It consists of greenish-black, fine- to medium-grained,
xenomorphic granular magnesian olivine dunite. Accessories are
pseudopoikilitic clinopyroxene containing rounded blebs of olivine, brown
hornblende, biotite as isolated flakes and as crystal aggregates, and minor
orthopyroxene, chromite, and magnetite. Although most of the rock
is relatively unaltered, olivine grains are locally veined with serpentine.
Serpentinization is more pronounced in or near small fault zones

AMPHIBOLITE (LOWER CRETACEOUS AND UPPER JURASSIC)—Dark-gray
to dark-greenish-gray, fine- to medium-grained, weakly foliated to non-
foliated; composed of plagioclase (andesine) and green hornblende. Foliated
varieties exhibit granoblastic texture; those which are nonfoliated, a relict(?)
ophitic texture. Plagioclase is moderately sericitized or completely
sausseritized. Hornblende occurs as mineral aggregates, is locally poikiloblastic
and is commonly unaltered. Common accessories include quartz, sphene,
magnetite, ilmenite(?), apatite, epidote, chlorite, and in one thin section,
actinolite. In some localities, the rock is cut by abundant veinlets of zoisite.
Veinlets of epidote and (or) chlorite are also locally present but are less
common

SERPENTINITE AND AMPHIBOLITE, UNDIFFERENTIATED (LOWER
CRETACEQUS AND UPPER JURASSIC)—Areas underlain by both ser-
pentinite and amphibolite, individual bodies of which are too small to
resolve at map scale; consist of blocks of amphibolite in an abundant ser-
pentinite matrix and probably represent areas of tectonic mixing of the
two rock types
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Contact—Dashed where approximately located. Quaternary nonconsolidated
units are shown by a solid line by convention; placement ranges from assured
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GEOLOGIC MAP OF THE SAN GERMAN QUADRANGLE, SOUTHWEST PUERTO RICO

Richard P. Volckmann

By

1984

INTRODUCTION

The San Germin quadrangle is underlain by serpentinite, amphibolite, and
chert of Late Jurassic to Early Cretaceous age and by volcanic rocks, limestone,
and mudstone of Late Cretaceous to Tertiary age. The area has been intruded
by stocks and dikes ranging in age from Late Cretaceous to Tertiary(?). Layered
rocks in the central part of the quadrangle are offset by a series of high-angle
arcuate normal faults, which are convex northward. These faults displace and
in turn are locally displaced by faults which trend generally north to north-east.
The Sierra Bermeja, in the southern part of the quadrangle, is cut by a series of
northwest- to northeast-trending high-angle normal and strike-slip faults. The
quadrangle is divided into three major blocks by the Guanajibo Valley in the
north and the Lajas Valley in the south. The Lajas Valley is a flat-floored valley
covered by alluvial silt and clay.

N. F. Sohl of the U.S. Geological Survey furnished instructive comments on
rudist assemblages, E. A. Pessagno, Jr., University of Texas at Dallas identified
Radiolaris, and R. J. McEwen, Parguera, Puerto Rico, supplied advice and help-
ful criticism during the progress of geologic mapping.

UPPER JURASSIC AND LOWER CRETACEOUS ROCKS
SERPENTINITE

Serpentinite crops out in the Sierra Bermeja and within and along the sides
of the Guanajibo Valley near the town of San German. The major contacts of
serpentinite and other rock types north and south of the Guanajibo Valley are
interpreted as faults (e.g. the San German fault) because of their relative linearity,
their parallelism with other major faults south of San Germin, shearing of rocks
in the down-dropped blocks, and displacement of rocks other than serpentinite
locally on either side of the contacts. Interpretation of these contacts as faults
does not, however, eliminate the possibility that some of the emplacement of
serpentinite may have resulted from protrusion, (Lockwood, 1971, p. 920)
perhaps along old fault zones. Some serpentinite occurrences do not appear to
be bounded by faults. For instance, 400 m south of Capilla Umberto Vazquez,
north of the Guanajibo Valley a small exposure of serpentinite, fault-bounded
on the west, is enclosed by volcanic rocks of the Sabana Grande Formation,
Nearby bedding attitudes show the volcanic rocks as dipping moderately to
steeply to the north, a configuration which rules out the possibility that ser-
pentinite is an exposed erosion surface which has been overlain by the volcanic
sequence. Thus it seems more reasonable to assume that the serpentinite has
been emplaced by protrusion into the Sabana Grande Formation. Protrusive
serpentinite also occurs (1) south and southeast of the town of San Germin
where it has invaded faults which cut the chert, (2) southeast of San Germéin
within the Yauco Formation and (3) as small bodies in the Sierra Bermeja.

A deposit of serpentinite, considered by the writer to be detrital, overlies
typical fractured serpentinite in a roadcut on Highway 2, 2.9 km southwest of
Rio Cain. The deposit is approximately 60 m thick and consists chiefly of fine-
to coarse-grained serpentinite clasts, most of which are rounded, in a fine-grained
clastic serpentinite matrix. Within the deposit is a thin lens (5-15 cm thick)
consisting of rounded pebbles of volcanic rock. About 5 m above and parallel
to this lens, is a lens, approximately 1 m thick that consists chiefly of granules
of serpentinite suspended in a coarsely crystalline calcite matrix. Although it
is not known if the calcite lens is a recrystallized marine limestone or a secondary
calcite vein, it is clear that the rounded volcanic pebbles were deposited as
part of the detrital serpentinite sequence and were derived from a subaerial
erosion surface on which probably both serpentinite and volcanic rocks were
exposed.

The serpentinite cannot be dated accurately. In the San German quadrangle,
it is protrusive into the Sabana Grande Formation which may be as young as
early Maestrichtian. The serpentinite also protrudes the chert at San Germén
and chert and amphibolite in the Sierra Bermeja. These occurrences may
represent a single protrusive event or many events. i

At Media Quijada, in the Punta Verraco quadrangle (Krushensky and Monroe,
1979), chert which is correlated with the Mariquita Chert in the San Germén
quadrangle, unconformably overlies serpentinite and is interbedded at its base
with conglomerate containing serpentinite pebbles. No date has been obtained
for the Mariquita Chert at Media Quijada; however, if it is the same age as the
Mariquita Chert in the Sierra Bermeja, then the serpentinite is pre-Tithonian
to Aptian (see following discussion of Mariquita Chert). If the Mariquita Chert
at Media Quijada is the same age as the Mariquita at the town of San German,
then the serpentinite is pre-middle Turonian. Detrital serpentinite on Highway
2 in the San Germin quadrangle is overlain by calcareous mudstone which has
been dated as Cenomanian (E. A. Pessagno, Jr., written commun., 1967). Thus
the specific serpentinite from which this detrital serpentinite was derived is
Cenomanian or older.

The inconsistency of apparent ages of serpentinite from one locality to an-
other lends support to the suggestion that the serpentinite may have been em-
placed at various times and that a minimum serpentinite age may be valid only
for a given locality. Additionally, age of serpentinite emplacement does not
represent age of development of serpentinite from its parent ultramafic rock,
an event (or events) which probably occurred much earlier, at least before
deposition of the Mariquita Chert at Media Quijada.

AMPHIBOLITE

Small exposures of amphibolite occur in the Sierra Bermeja in isolated
fault blocks and as tectonic breccia fragments within serpentinite. South of
Maguayo the amphibolite is intruded by the Maguayo Porphyry.

Tobisch (1968, p. 560-562) describes two types of amphibolite from the
south side of the Sierra Bermeja at Las Palmas in the Cabo Rojo quadrangle: 1)
well-foliated gneissic amphibolite showing compositional layering and 2) non-
foliated amphibolite dikes crosscutting foliation in the gneissic amphibolite.
Although amphibolite in the San German quadrangle lacks compositional layering,
it commonly shows foliation and lineation of hornblende crystals, and although
further proof is lacking, it is thought to be related to the gneissic variety rather
than the amphibolite dikes.

Analyses of foliated amphibolite from Las Palmas (Renz and Verspyck,
1962, p. 317; Tobisch, 1968, p. 568) and the Pefiones de Melones in the Cabo
Rojo quadrangle (Mattson, 1960, p. 325) show them to be similar in composition
to tholeiitic basalt. Because of this similarity, Mattson (1960, p. 324) considers
the amphibolite to be regionally metamorphosed basaltic oceanic crust. Tobisch
(1968, p. 570-571) felt that the amphibolite might also have been derived from
mafic rocks which were part of “an older metamorphic terrane from a pre-Late
Cretaceous orogeny.” Because of the compositional similarity of the amphibolite
to that of a tholeiitic basalt, it seems reasonable that the ‘“‘older metamorphic
terrane” of Tobisch (1968) was derived from metamorphism of basaltic oceanic
crust.

Mattson (1964) reported a K-Ar age for gneissic amphibolite from the Las
Palmas area of 110 m.y. (Aptian). Another sample taken from the same general
area yielded a date of about 85 m.y. (Coniacian) (Tobisch, 1968, p. 569).
Amphibolite from the San Germén quadrangle (18°00'15" N., 67°15'18" W.)
was dated at 126*3 m.y. (Valanginian) (Cox and others, 1977, p. 694). The
lithologic similarity of amphibolite from one locality to another and its ubiquitius
association with chert or serpentinite or both suggest that the amphibolite
represents a single correlative unit. Differences in thermal history subsequent to
formation of the amphibolite may be responsible for the variation in isotopic
ages obtained.

MARIQUITA CHERT

The Mariquita Chert was named by Mattson (1973, p. 23) for exposures in
the Sierra Bermeja where it forms the bulk of the range. Chert identical to and
here correlated with the Mariquita crops out as well in two isolated exposures in
the Lajas Valley and at the town of San Germédn. The Mariquita Chert in the
Sierra Bermeja has been dated, on the basis of Radiolaria, as Tithonian to
Hauterivian from one locality (Mattson and Pessagno, 1974) and Valanginian to
Aptian from another (E. A. Pessagno, Jr., personal commun., 1977). Radiolaria
from the Mariquita at San Germdn indicate an age of middle Turonian (E. A.
Pessagno, Jr., written commun., 1978). Assuming the cherts in the Sierra
Bermeja and at San Germén are correlative, then the discrepancy in ages would
suggest that deposition of the unit took place over more than 40 m.y. with the
oldest deposits to the south.

CAJUL BASALT
A small portion of the Cajul Basalt extends into the southwest corner of the
quadrangle. The basalt is interbedded with the Mariquita Chert to the south in
the Parguera quadrangle and thus has a possible age range of Tithonian to
Aptian.

UPPER CRETACEOUS ROCKS
YAUCO FORMATION

The Yauco Formation is a lithologic facies which crops out south and east
of San Germin and occurs widely within the Sabana Grande Formation as
mapped. It conformably overlies detrital serpentinite on Highway 2, 1.5 km
southwest of the intersection with Highway 119.

The age of the Yauco has a wide range. Foraminifera from the Yauco where
it overlies detrital serpentinite are Cenomanian in age (E. A. Pessagno, Ir.,
written commun., 1967). Yauco interbedded with the Sabana Grande Forma-
tion north of the Guanijibo Valley, however, may range from Turonian to
Campanian in age, based on Foraminifera determinations (Mattson, 1960, p.
332). The Sabana Grande Formation, where it overlies the Cotui Limestone,
is Campanian and Maestrichtian in age (see discussion of Cotui Limestone)
and is interbedded with mudstone mapped as Yauco. Conglomeratic Yauco
Formation in the vicinity of Retiro, southeast of San German, containsabundant
clasts of chert that probably were derived from the Mariquita Chert. The
conglomeratic Yauco near Retiro represents a basal unit which was deposited
following exposure of the chert, perhaps in middle to late Turonian time. As
noted earlier the Mariquita near San Germéan has been dated as middle Turonian.
Therefore, on the bases of ages of units interbedded with the Yauco and of
the Yauco itself, the age range of the Yauco Formation is Cenomanian to
early Maestrichtian.

PARGUERA LIMESTONE

Small exposures of the lower member of the Parguera Limestone occur
near the southern border of the quadrangle. The Parguera in this area consists
chiefly of massive to thick-bedded bioclastic limestone. At Finca Juanita, it
includes a thick basal conglomerate containing gravel- to cobble-size rounded
clasts of volcanic rocks, chert, and minor serpentinite and amphibolite. The
lower member of the Parguera may range in age from Santonian to Campanian
and possibly early Maestrichtian (Volckmann, 1984c, p. A74).

SABANA GRANDE FORMATION

Andesitic volcanic rocks near the town of Sabana Grande were named the
“Sabana Grande formation” by Slodowski (1956, p. 15). Mattson (1960, p.
338) renamed the unit the “Sabana Grande andesite” because of its high percent-
age of andesitic volcanic rocks. The unit has been redefined as the Sabana
Grande Formation (Volckmann, 1984c, p. A78) because although it is predomi-
nantly made up of volcanic rocks of andesitic composition, it also contains lime-
stone, sandstone, conglomerate, and basaltic lava flows. The Sabana Grande
Formation as redefined underlies most of the San Germéan quadrangle north of
the Guanajibo Valley. It also occurs south and southwest of San Germéin where
it overlies the Cotui Limestone, and in fault blocks southeast of San Germén.
The Sabana Grande locally is interbedded with the Yauco Formation, which
north of the Guanajibo Valley has an age ranging from Turonian to Campanian
(Mattson, 1960, p. 332). Southwest of San German, limestones near the base of
the formation contain the rudist Barrettia gigas, which indicates an age close to
the Campanian-Maestrichtian boundary (N. F. Sohl, personal commun., 1974).
Foraminifera from limestone in the Sabana Grande Formation near the northern
border of the quadrangle have ages ranging from Turonian to early Maestrichtian
(Mattson, 1960, p. 334). Thus the Sabana Grande Formation may range from
Turonian to éarly Maestrichtian.

LAJAS FORMATION

Basalt lava and tuff which make up the lower part of the San Germin
formation of Mattson (1960, p. 340) have been named the Lajas Formation
(Volckmann, 1984c, p. A80). The Lajas crops out extensively in the range of hills
southwest of the town of San German. The base of the formation is not exposed in
the San German quadrangle, but in the Puerto Real quadrangle adjacent to the
west, bedded tuffs of the Lajas are interbedded with the upper part of the
Boquerén Basalt (Volckmann, 1984a). Pillow structures have not been observed
in the Lajas Formation, suggesting that the unit was deposited subaerially.

On Highway 314, about 1.0 km south of the intersection with Highway 102,
the Lajas contains a zone of coarse-grained breccia, the fragments of which are
typically rounded and are enclosed in a primary igneous matrix. The origin of
this breccia is not totally clear; however, it is not a mudflow deposit, because
the matrix is of primary igneous origin and the clasts are generally too rounded
for it to be a brecciated lava flow. The breccia may have formed in a volcanic
pipe by the process of “fluidization” (Reynolds, 1954). A mixture of gas laden
with fine rock debris streamed upward at high velocity through the pipe, which
was already filled with breccia. Breccia blocks were entrained by the gas-debris
mixture and were rounded by abrasion within the fluidized mass. The gas phase
was followed by a liquid(?) magma phase which intruded the pipe and filled
interstices between the breccia fragments.

The contact between the Lajas Formation and the overlying Cotui Limestone
is marked by a transitional zone made up of stratified detrital material derived
from the Lajas. This zone averages 3-10 m thick and marks a period of erosion
of the Lajas Formation preceding deposition of the Cotui Limestone.

The ag~ of the Lajas Formation cannot be determined precisely; however,
as it is overlain by the Cotui Limestone, the top of which is late Campanian and
early Maestrichtian (N. F. Sohl, personal commun., 1974), the Lajas is probably
Campanian or older.

COTUI LIMESTONE

The Cotui Limestone, revised (Volckmann, 1984c, p. A80) to include the
Brujo Limestone of Mattson (1960, p. 337), crops out south and southwest of
the town of San Germin. Whereas most other limestone units in the San
German area are distinctly local in occurrence, the Cotui is persistent in its
position above the Lajas Formation, although the variation in thickness of the
Cotui, from about 10 m to more than 75 m, indicates local rates of carbonate
sedimentation varied greatly. The limestone was probably deposited in a shallow
shelf environment as evidenced from its abundant rudist assemblage (Kauffman
and Sohl, 1974, p. 464), the most abundant of which are Radiolitidae, Durania
sp., and Barrettia gigas. Barrettia gigas, abundant near the top of the Cotui
Limestone and in limestone lenses near the base of the Sabana Grande Forma-
tion above the Cotui, marks the approximate Campanian-Maestrichtian bound-
ary (N. F. Sohl, personal commun., 1974). Thus the Cotui Limestone is late
Campanian and early Maestrichtian in age.

EL RAYO FORMATION

The El Rayo formation as defined by Slodowski (1956, p. 24) comprises a
unit of basalt porphyry with lenses of volcanic conglomerate and massive lime-
stone. The volcanic portion was redefined as El Rayo volcanics by Mattson
(1960, p. 339), who assigned the limestone lenses to his Melones Limestone of
the Penones de Melones (Melones Hills) in the Cabo Rojo quadrangle. The
basalt-limestone unit has been renamed the El Rayo Formation to include the
basalt and the limestone lenses, and the name Melones Limestone is no longer
used for those limestones on the El Rayo outcrop areas (Volckmann, 1984c, p.
A81).

MISCELLANEOUS GEOLOGIC INVESTIGATIONS
MAPI - 1558

The El Rayo Formation crops out in the eastern half of the quadrangle north
of the Lajas Valley. It is faulted against most rock types and conformably(?)
-overlies the Yauco Formation. Limestone lenses within the El Rayo contain
abundant Titanosarcolites sp., Distefanella sp., and locally, Parastroma sp., a
rudist assemblage which indicates a middle to late Maestrichtian age (N. F.
Sohl, personal commun., 1974).

UPPER CRETACEOQUS(?) TO EOCENE(?) ROCKS

An exposure of chalky limestone a few meters in length (Puerto Rico coordi-
nates 89,150 x 23,900) in the San Germin quadrangle, bears the Foraminifer
Lockhartia susuaensis, thought to be Paleocene and Eocene in age (Pessagno,
1960, p. 97). However this chalky limestone appears to be underlain and
overlain by limestone and volcanic rocks of the El Rayo Formation which bears
rudists of middle to late Maestrichtian Age. In the Yauco-Pefiuelas quadrangles
border area Krushensky and Monroe (1979) have described a limestone which
contains unworked Late Cretaceous rudists and L. susuaensis. If the rudists
there are indeed in place and not reworked, the evidence is strong that L.
susuaensis ranges down into the Cretaceous, and the chalky limestone in the
San Germin quadrangle is actually a part of the limestone sequence within the
El Rayo Formation.

EOCENE ROCKS
JICARA FORMATION

The Jicara Formation overlies the El Rayo Formation near the town of Lajas
Arriba near the east edge of the San Germéin quadrangle. Roadcuts east of
Quebrada Jicara, a small intermittent stream that drains into the Lajas Valley,
on Route 117 and on the road south to Estacion La Plata were designated by
Slodowski (1956) as the type locality of the Jicara Formation, which is here
adopted for usage by the U.S. Geological Survey. A lens of massive bioclastic
limestone, which occurs immediately below the thin-bedded volcanic siltstone
and mudstone of the Jicara, was considered by Slodowski and by Mattson
(1960, p. 346) to be a basal unit of the Jicara. However, because the massive
limestone contains rudist fragments (e.g. Titanosarcolites) characteristic of the
El Rayo Formation and is lithologically identical to limestones in the El Rayo,
the writer considers the massive limestone to be part of the El Rayo upon which
the Jicara is disconformable.

The Jicara has been dated as early Eocene from a forminiferal assemblage
collected in the Sabana Grande quadrangle (Mattson and others, 1972).

INTRUSIVE ROCKS
MAGUAYO PORPHYRY

The Maguayo Porphyry of Mattson (1973, p. 23) is a quartz-bearing
hypabyssal rock occurring chiefly in the Sierra Bermeja. It is here adopted for
use by the U.S. Geological Survey. The largest occurrence of the porphyry is a
stock-like body south of Maguayo. There the porphyry locally shows effects of
hydrothermal alteration, with minor development of pyrite, chalcopyrite, and
copper carbonates. Outcrops in the road and stream about 750 m south of
Maguayo serve as the type locality. Elsewhere in the Sierra Bermeja, the Maguayo
Porphyry occurs as irregularly shaped dikes as much as 100 m wide, some of
which intrude fault zones. Along the north flank of the Sierra Bermeja, north-
west of Cerro Mariquita, thin dikes and stringers, 1 m or less in thickness, extend
from the main body of the intrusive unit into fractures in the Mariquita Chert.
Outcrops of Mariquita Chert in the northern part of the Lajas Valley are
intruded by an altered rock which is similar to and tentatively correlated with
the Maguayo Porphyry. Although evidence is lacking, if this intrusive unit is
coeval with the Maguayo, part of the Lajas Valley may be underlain by the
Maguayo Porphyry. The age of the porphyry is not clearly established. It
intrudes the Mariquita Chert, which in the Sierra Bermeja is Tithonian to Aptian;
thus the Maguayo Porphyry is Early Cretaceous or younger.

LAS TUNAS STOCK

The here named Las Tunas stock is a body of porphyritic diorite that intrudes
the Lajas Formation near the western border of the quadrangle. The intrusive
unit differs from the Lajas in that the Las Tunas feldspar phenocrysts are
andesine (Anyg_43) and the Lajas feldspar phenocrysts are labradorite (Ang, 5,).
Also, both the phenocrysts and matrix of the Las Tunas are coarser grained than
those of the Lajas Formation. However, the gross lithology of the two units—
plagioclase and hornblende phenocrysts in a plagioclase matrix—is similar, and
the rocks possibly were derived from the same source. If the two rock types are
related, the Las Tunas stock is a hypabyssal intrusive unit which was emplaced
during the late stages of development of the Lajas Formation and therefore is
probably Campanian in age.

QUARTZ DIORITE DIKES
Dikes of very coarse grained quartz diorite invade fault zones and fractures
in the eastern part of the quadrangle and intrude the contact of the Lajas Forma-
tion and the overlying Cotui Limestone in the area between Palmarejo and Lajas.
The youngest rocks intruded by the dikes are those of the El Rayo Formation;
therefore, the dikes are middle to late Maestrichtian or younger in age.

TWO-PYROXENE BASALT PORPHYRY

In the northeast corner of the quadrangle, the Yauco and Sabana Grande
Formations are intruded by two-pyroxene basalt porphyry. Mattson (1960,
p. 324-325) considered this rock to be extrusive and correlated it with the Rio
Loco Formation of Slodowski (1956, p. 53). Both workers described the Rio
Loco as a series of andesite lavas with minor volcaniclastic rocks, the lavas
containing pillow structures. However, in the San German, the adjoining Sabana
Grande (J. M. Aaron, personal commun., 1977), and the Yauco (Krushensky and
Monroe, 1979) quadrangles, the porphyry is clearly intrusive. It cuts across
bedding in the Yauco Formation at a steep angle, and in the San German quad-
rangle xenoliths of silicified, partly recrystallized mudstone are common along
the contact. Pillow lavas previously described in rocks mapped as Rio Loco
(Slodowski 1956, p. 53-55; Mattson, 1960, p. 326) are not evident in the San
Germin, the Sabana Grande (J. M. Aaron, personal commun., 1977), or the
Yauco (Krushensky and Monroe, 1979) quadrangles. However, many exposures
show well-developed spheroidal weathering which may have been mistaken for
pillow structures by earlier workers. The writer is an agreement with Krushensky
who has suggested that the name Rio Loco be abandoned for these rocks, es-
pecially in light of the fact that all rocks named Rio Loco by the originator of
the term (Slodowski, 1956), including those of the type area, have been found
to be intrusive.

BASALTIC ANDESITE

Igneous rocks in the southern part of the San Germén and in the northern
part of the Parguera quadrangles were mapped and described by Mattson (1960,
p. 327-328, pl. 1) as correlative with the Rio Loco Formation. Examination of
these rocks by the writer indicates, however, that they are intrusive andesites
that contain various combinations of amphibole, clinopyroxene, orthopyroxene,
and rare olivine, unlike the basalt porphyry correlated with the Rio Loco by
Mattson (1960) in the northern part of the San Germédn quadrangle that is
predominantly a two-pyroxene porphyry. Additionally the basaltic andesite in
the south has undergone propylitic alteration, which is lacking in the basalt
porphyry to the north. It is evident that the Rio Loco in the southern part of
the San German quadrangle and in the northern part of the Parguera quadrangle,
(Volckmann, 1984b) is not the same rock type as the basalt porphyry exposed
in the northern part of the San Germin quadrangle, and neither occurrence fits
the original definition of the Rio Loco Formation. The name Rio Loco Forma-
tion is therefore abandoned for these rocks.

The basaltic andesite and the above described two-pyroxene basalt porphyry
are presumed to the Late upper Cretaceous or younger in age as they both
intrude Upper Cretaceous stratified rocks.

STRUCTURE
The rocks of the San Germdn area have undergone brittle deformation,
which has produced mainly high-angle faults. Large-scale strike-slip faults noted
in areas to the north (McIntyre, 1975) and east (Krushensky and Monroe, 1979)
are not evident in the San Germdin area, although local strike-slip faulting has
occurred in the Sierra Bermeja. Stratified rocks generally have moderate to
steep dips, but persistent folds are few in number.

FAULTS

Serpentinite is displaced against Upper Cretaceous rocks and, at San Germdn,
against middle Turonian chert along the San Germdn fault. The fault is reverse
and dips 30 to 70 degrees to the north. The fault plane is exposed in several
localities between San Germin and Sabana Eneas. A similar reverse fault, al-
though exposed only a short distance along the north side of the Guanajibo
Valley, displaces serpentinite and undifferentiated volcanic rocks against Upper
Cretaceous rocks. The writer believes that this fault continues beneath the
alluvium along the northern edge of the valley. The Lajas-Cotui-Sabana Grande
sequence is repeated several times by a series of northeast-trending high-angle
faults in the west-central part of the quadrangle. These faults offset or splay
into a set of minor north-trending fractures. Other high-angle faults from west
to east in the central part of the quadrangle display an arcuate pattern, convex
northward.

Rocks of the Sierra Bermeja are cut by high-angle faults, some of which
display strike-slip motion. Mattson (1973) has suggested that the Sierra Bermeja
is a nappe which was derived by gravity sliding from an ancient oceanic ridge to
the south. However, because of lack of convincing structural evidence and the
lack of evidence to show that a major oceanic rise ever existed south of the
island of Puerto Rico, this suggestion has been strongly disputed (Volckmann,
1984b).

Because of the discontinuous nature of the volcanic rocks in the Sabana
Grande Formation and the relative scarcity of good exposures, no throughgoing
faults have been mapped in the northeast part of the quadrangle.

FOLDS

Most of the layered rocks of the quadrangle are warped and many have
steep dips, but a persistent fold pattern is lacking. The Lajas-Cotui-Sabana
Grande sequence in the west-central part of the area forms a broad faulted
syncline, which plunges west-northwest. A small west-plunging syncline occurs
west of Llanos within the same sequence and the Jicara Formation has been
warped into a shallow southeast-plunging syncline near Lajas Arriba.

Tight folds and disharmonically contorted beds are present in some of the
thin-bedded sequences of the Yauco Formation and in the Mariquita Chert.
These folded beds are typically underlain and overlain by undisturbed beds and
are probably the result of penecontemporaneous slump.

HYDROTHERMAL ALTERATION

The most extensive zones of hydrothermal alteration are in the Lajas Forma-
tion west of Lajas. The rocks have been silicified, with the development of
kaolinite, hematite and limonite, and locally, pyrite. Alteration occurred prior
to the deposition of the Cotui Limestone, as the limestone and the overlying
Sabana Grande Formation are unaffected. Source of these hydrothermal fluids
is unknown. Alteration may be related to the emplacement of the Las Tunas
stock which is possibly comagmatic with the Lajas Formation.

A small zone of alteration occurs south of Maguayo along the contact be-
tween the Maguayo Porphyry and the Mariquita Chert. Of three samples
collected from this zone by D. H. McIntyre, U.S. Geological Survey, only one
contained as much as 1.1 ppm silver and 1.0 ppm gold. Silver and gold in the
other two samples was below the limit of detection (analyses by U.S. Geological
Survey, Washington Analytical Laboratories, 1969).

An altered zone, 1.2 km west of Llanos and north of Highway 101, shows
hematite enriched soils and float blocks of tan to yellow-orange porcellanoid
silica. This alteration appears to be a near surface phenomena and is interpreted
as an ancient hot spring deposit.
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