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DESCRIPTION OF MAP UNITS

ALLUVIUM (HOLOCENE)-Sand, silt, gravel, and clay, derived chiefly from
volcaniclastic and effusive rocks

HORNBLENDE QUARTZ DIORITE (LOWER TERTIARY?)—Medium-gray and
greenish-gray porphyritic quartz diorite with common plagioclase (andesine-
labradorite) and hornblende phenocrysts in a microgranitic groundmass
composed chiefly of quartz and subordinate plagioclase (andesine-oligoclase)
and accessory magnetite. Plagioclase phenocrysts range from unaltered to
largely saussauritized, especially in the original more calcic cores, oscillatory
and reverse zoning are common, and both present and previous crystal
margins are corroded. Hornblende is invariably replaced by chlorite (in
part penninite), epidote, and calcite. Plagioclase in the groundmass, in con-
trast to that in phenocrysts, is commonly clear and free of alteration.
Chalcopyrite is dispersed throughout the groundmass

PLAGIOCLASE PORPHYRY (LOWER TERTIARY?)-Dark-green and gray-
green in outcrop with conspicuous large (rarely as much as 3 cm long,
commonly as much as 2 cm long) and abundant pale-gray to pale-brown
plagioclase phenocrysts in a dark-green very-fine-crystalline groundmass of
microphenocrysts of plagioclase (albite-oligoclase), acicular and skeletal
pale-yellow-green to light-blue-green amphibole (edenite?), and poorly
crystallized accessory magnetite in a chloritized glass. Plagioclase pheno-
crysts are commonly largely replaced by chlorite, clinozoisite, albite, and
calcite; original composition is uncertain, but probably in the andesine-
oligoclase range. Groundmass minerals, except for the plagioclase, are
widely replaced by epidote, chlorite, and calcite. Rare small deeply-corroded
clinopyroxene phenocrysts are also largely replaced by chlorite. Very small
and corroded grains of quartz appear phenocrystic. Areas of outcrop are
severely limited in a thickly vegetated and saprolitized area in the northeast
corner of the quadrangle, to one unmapped area 120 m east of the Rio
Tanama east of Cerro Palo Seco, also in the northeast corner of the quad-
rangle

HORNBLENDE DACITE (EOCENE? THROUGH MAESTRICHTIAN)—Light-
to pale-greenish-gray porphyritic dacite, widely saprolitized to a pale-gray
clay. Contains abundant to common phenocrysts of plagioclase, hornblende,
quartz, and rarely augite in an abundant microgranitic to xenomorphic-
granular groundmass composed of untwinned albite, quartz, and potassium
feldspar (orthoclase?) with accessory magnetite and apatite. Plagioclase
phenocrysts (oligoclase-andesine) are commonly corroded, less commonly
well rounded and embayed, and rarely mantled with partially altered potas-
sium feldspar-apparently orthoclase. Plagioclase phenocrysts commonly
show reversed zoning and uncommonly contain small inclusions of horn-
blende. Hornblende is generally unaltered and ranges from acicular to
coarsely crystalline (rarely as much as 2 ¢cm long) and is invariably green;
commonly mantled with granular magnetite and uncommonly partly replaced
by chlorite and calcite. Quartz is invariably corroded, rounded, and in-
dividual crystals deeply embayed; none are entirely, or in part, isotropic.
Individual quartz phenocrysts range in size from microscopic to at least 3
cm long (longer than the longest plagioclase phenocrysts). Rarely, quartz
is crystallized on and around hornblende phenocrysts (with the magnetite
mantle previously formed). Augite is uncommon to rare and occurs only
as small well-crystallized and commonly unaltered crystals. Overgrowths
of amphibole or reaction rims are not present. Rarely augite is partly to
completely replaced by chlorite and calcite. The abundant fine-crystalline
groundmass consists of quartz, potassium feldspar, lath-shaped and twinned
but very fine-crystalline plagioclase (albite-oligoclase), and sparse microlites
of hornblende. Locally, the hornblende dacite stocks are brecciated near or
at intrusive margins. Abundant fine fractures in the small, fault-isolated
mass of hornblende dacite (Puerto Rico metric grid 107,660 E—44 460 N)
are filled with finely broken but unaltered rock like the stock proper

AUGITE TRACHYBASALT (EOCENE? THROUGH CAMPANIAN)—Medium-to
very dark-green, and dark-gray-green, light- to pale-brown weathering, widely
saprolitized abundantly porphyritic augite trachybasalt. Characteristically
abundant and large (1:2.5 c¢cm long) deep-green augite and common to
sparse generally dark and inconspicuous plagioclase (labradorite-andesine)
phenocrysts in an xenomorphic-granular to orthophyric groundmass of
plagioclase and glass. Accessory magnetite occurs chiefly in the abundant
clinopyroxene phenocrysts and not in the groundmass as was true in other-
wise identical stocks in the Pefiuelas quadrangle (Krushensky and Monroe,
1978). Chilled contact margins, especially well displayed on the northern
borders of the largest stock in the south-central part of the quadrangle, are
finer-grained and contain smaller and fewer phenocrysts of augite and
plagioclase than rock in areas away from intrusive contacts. Augite is
commonly fresh and shows conspicuous compositional zoning. Plagioclase
phenocrysts and the groundmass plagioclase of even the least altered rocks
are partly altered to chlorite. The glassy part of the groundmass is invariably
chloritized. A small stock of augite trachybasalt (107,550 E-38 400 N) is
a coarse diabase which contains abundant large (1-2 cm) augite phenocrysts
and intersertal plagioclase (predominant), subordinate augite, and minor
chloritized glass

TWO-PYROXENE OLIVINE BASALT (TERTIARY? THROUGH CAM-
PANIAN?)—Very dark gray to black, dark-purple-gray weathering porphyritic
augite-hypersthene-olivine basalt. Abundant unaltered and large (to 0.8 cm
long) augite phenocrysts characteristically with pronounced compositional
color zoning and twinning, common smaller plagioclase (labradorite), sparse
partly chloritized to unaltered and distinctly pleochroic hypersthene, and
rare iddingsite pseudomorphs after olivine held in a hyalopilitic to pilotaxitic
groundmass of abundant plagioclase microlites and sparse to common
granular to well-crystallized magnetite in a cryptofelsic and apparently
chloritized matrix, probably once glass. Pseudomorphs after olivine, be-
cause of their rarity in these rocks, are not present in every thin section
examined from a particular intrusive; however, they are present in all bodies
mapped

ANON FORMATION (EOCENE THROUGH MAESTRICHTIAN?)—Chiefly
volcaniclastic breccia and lava with subordinate tuff and tuffaceous sand-
stone, siltstone, and mudstone. Breccia, predominant except in the southern
half of the fault block in the northwest corner of the quadrangle, is
commonly massive to very thick bedded (21 m) unsorted and nongraded,
predominantly pale-gray or pale-greenish-gray and polymict. It is widely
saprolitized to a pale-gray clay covered on exposed surfaces (roadcuts and
natural surfaces) with a light-orange-red clay and (or) a light-brown soil;
rock composed of abundant (30-60 percent) angular lithic clasts 3-10 cm on
a side, uncommonly as much as 30 cm and rarely ~1 m on a side, generally
light- to pale-gray, pale-green, pale-brown, and rarely light-red, hornblende-
bearing dacite, quartz dacite, quartz latite, and rhyodacite. Lithic clasts
are generally porphyritic containing sparse to common and rarely abundant
phenocrysts of acicular green hornblende and sparse or rarely abundant
zoned plagioclase (oligoclase-andesine) and rare generally corroded quartz
and anorthoclase. The groundmass fractions of the larger lithic clasts are
trachytic and consist of glass crowded with microlites and microphenocrysts
of plagioclase. Larger clasts are suspended apart from one another in a
clastic matrix composed of smaller angular lithic and mineral clasts
mineralogically and texturally similar to the large lithic clasts described
above. Interbedded lava flows are medium- to pale-green and light-brown
commonly slightly vesicular and amygdular. They contain sparse to
abundant acicular hornblende and plagioclase (oligoclase-andesine), corroded
quartz suspended in an abundant and trachytic groundmass of glass crowded
with plagioclase microlites and microphenocrysts. The groundmass texture
of some of the lava flows combines abundant plagioclase microlites in a fine
granophyric mass. Pillow structure is not known in the lava flows of the
Andén Formation in the Monte Guilarte quadrangle or elsewhere. Black,
carbonaceous, fetid highly arenaceous limestone and limey sandstone is
present only near Hacienda Americo (119,940 E—34,250 N) where the Anon
interbeds with the overlying tuffaceous sandstone and mudstone of the
Maricao Formation. The Andn sequence between the Cordillera Fault and
Hacienda Americo contains no lava flows. Tuffaceous sandstone, siltstone,
and mudstone, predominant in the southern half of the fault block in the
northwest corner of the quadrangle, are medium to thin bedded (10-3 c¢cm)
pale green and pale gray where least weathered, pale yellow-green where
saprolitized and composed chiefly of angular plagioclase and lithic clasts and
subordinate angular clasts of green hornblende. Altered Andon Formation
consists chiefly of secondary granular silica and sericite. The rock where
altered is widely cut by veins of hematite which also occurs as films on
individual grains. Pyrite and chalcopyrite, are common to abundant, in
outcrops in the deepest valleys

LAGO GARZAS AND ANON FORMATIONS, INTERBEDDED (EOCENE?
THROUGH CAMPANIAN)—Dark-red, dark-purple, dark-red-brown por-
phyritic (plagioclase and augite) augite andesite lava flows and volcani-
clastic breccia of the same general color and mineral composition as the lava
flows of the Lago Garzas Formation are irregularly interbedded with pale-
gray, pale-gray-green, pale-yellow-brown, and uncommonly medium-green
porphyritic (plagioclase, hornblende, and quartz) hornblende dacite lava
flows, volcaniclastic breccia, tuffaceous sandstone and mudstone, and tuff
characteristic of the Andn Formation. In the extreme western part of the
quadrangle, the interbedded Lago Garzas and Anon appear to have been
deposited in water; the Lago Garzas lava flows are commonly pillowed and
the Anon consists chiefly of thin- to medium-bedded sandstone-mudstone
and tuffaceous rocks. In other areas, such as on the western shore of Lago
Garzas, the sequence consists of multiple layers of Andn and Lago Garzas
breccia and lava with only rare layers of pillowed (commonly Lago Garzas)
lava. To the north and in most other areas where the formations are inter-
bedded, lava flows and breccias of both the Anén and Lago Garzas are
predominant and lava flows are non-pillowed; fine-grained epiclastic and
tuffaceous beds are uncommon to rare. Volcaniclastic breccia of both
formations in these areas is unsorted and massive in character. This inter-
bedding of rocks characteristic of the Andn and Lago Garzas Formations
continues east of the Monte Guilarte quadrangle into the type area of the
Lago Garzas Formation (Mattson, 1967, p. B22; 1968b)
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YAUCO AND ANON FORMATIONS, INTERBEDDED (EOCENE? THROUGH
CAMPANIAN)—Pale-yellowish-brown weathering thin- to thick-bedded
(3 cm to 4 m) calcareous sandstone, mudstone, siltstone, and claystone that
weathers into polyhedral chips, all characteristic of the Yauco Formation
are irregularly interbedded with subordinate pale-greenish-gray and pale-gray
hornblende-bearing tuff and tuffaceous sandstone and mudstone and some
fine conglomerate-breccia, all characteristic of the Anon Formation. Sand-
stone-mudstone beds of both the Yauco and Anon south of Monte Membrillo
are carbonaceous and commonly contain large carbonaceous plant fossils
(unidentified) as much as 25 cm long

ANON, YAUCO, AND MARICAO FORMATIONS, INTERBEDDED (EOCENE?
THROUGH CAMPANIAN)—Pale-greenish and pale-gray weathering horn-
blende-bearing tuff, tuffaceous sandstone, and breccia composed generally
of hornblende dacite, all characteristic of the Anén Formation, irregularly
interbedded with pale-yellowish-gray-brown weathering lithic sandstone,
siltone, and claystone of the Yauco Formation, and subordinate generally
dark-green breccia composed of angular clasts of augite trachybasalt in which
the augite phenocrysts are abundant, conspicuously large (1-2.5 cm), and
characteristic of the Maricao formation. The breccias are commonly massive,
unsorted, and non-graded. Sparse interbeds of tuff and tuffaceous sandstone
and siltstone, chiefly of the Anon, are thin to very thick bedded (3 c¢m to
4 m)

MARICAO AND ANON FORMATIONS, INTERBEDDED (EOCENE?
THROUGH CAMPANIAN)—Extensively saprolitized breccia typically with
conspicuous abundant and large (1-2 cm long) limonite pseudomorphs after
clinopyroxene and characteristic of the Maricao, interbedded irregularly
with pale-gray and pale-gray-brown saprolitized breccia, tuffaceous sand-
stone or tuff, and locally, lava that uncommonly contains slender elongate
limonite pseudomorphs after hornblende. Textures preseryved in the sap-
rolitized breccia suggest sparse large plagioclase phenocrysts, a characteristic,
together with hornblende, of the Anén Formation. Very pale blue or light-
blue-green tuff, conspicuous chiefly because of its color, is locally interbedded
with the Maricao; contains no indication of any former mafic mineral

MARICAO, LAGO GARZAS, AND YAUCO FORMATIONS, INTERBEDDED
(EOCENE? THROUGH CAMPANIAN)—Dark-red, dark-purple, and dark-
red-brown sparsely porphyritic (plagioclase-augite) massive augite andesite
lava and subordinate dark-red coarse lithic sandstone of the Lago Garzas
interbedded with very dark-green coarse-grained tuffaceous sandstone and
volcaniclastic breccia containing abundant large augite phenocrysts and
mineral clasts, characteristic of the Maricao, and dark-gray to pale-yellow-
gray-brown weathering thin-bedded to laminated (0.3-3 cm) calcareous
claystone of the Yauco Formation

YAUCO AND MARICAO FORMATIONS, INTERBEDDED (EOCENE?
THROUGH CAMPANIAN)-Predominantly light- to pale-yellowish-gray-
brown weathering lithic and tuffaceous calcareous and locally carbonaceous
sandstone, siltstone, and claystone characteristic of the Yauco Formation
irregularly interbedded with generally dark-gray-green and dark-yellowish-
gray-green coarse-grained sandstone, and uncommonly conglomerate of the
Maricao Formation. Augite phenocrysts and mineral clasts in the Maricao
lithofacies are characteristically coarse and fresh. Typically, the Yauco
consists predominantly of rounded to subrounded deeply weathered lithic
and mineral clasts and subangular unweathered plagioclase clasts in a calcite
matrix. Sequences in the southwest corner of the quadrangle show soft
sediment deformation in finer clastic deposits where overlain by coarse
clastic rock. Rock in this area also show common channeling, crossbedding,
and grading. Individual beds as much as 40 ¢cm thick wedge out in less than
3 m laterally. In the west-central part of the quadrangle, sequences of the
interbedded formations contain greater quantities of coarse angular breccia
of the Maricao (clasts 0.5-3 cm across). Lava is not known in the areas
mapped as interbedded Yauco and Maricao

MARICAO FORMATION (EOCENE? THROUGH CAMPANIAN)—Chiefly
volcanic breccia, subordinate tuffaceous sandstone and siltstone, and local
areally restricted basaltic lava flows. Volcaniclastic breccia where least
weathered is very dark green to dark-brownish-green, but the rock is widely
saprolitized to a structureless light- to medium-orange-red clay. Commonly
the breccia facies includes dark-red, dark-red-brown, and dark-brown angular
to subrounded (2-10 cm on a side, rarely as much as 2 m on a side) dense to
fine-grained augite trachybasalt clasts that characteristically contain con-
spicuous and abundant (15-40 percent) large (1-3 c¢m) clinopyroxene and
subordinate inconspicuous (as much as 0.5 m long) plagioclase (labradorite-
andesine) phenocrysts and microlites of plagioclase and clinopyroxene in a
chloritized glass. Widespread saprolitized breccia retains a breccia texture
to a variable degree, and characteristically contains large and abundant
limonite pseudomorphs after clinopyroxene. The breccia facies is inter-
bedded locally with dark-bluish-gray massive non-pillowed and commonly
very finely porphyritic amygdular basaltic lava flows, and, especially in the
southwest corner of the quadrangle, with tuffaceous sandstone and mud-
stone beds composed of subrounded to angular lithic and mineral (plagioclase
and augite) clasts in a clayey or calcite matrix. These beds are also typically
saprolitized; they retain original bedding structures. Local conspicuous
interbeds of lithofacies characteristic of the Anon and Lago Garzas Forma-
tions are indicated on the map, but they are not mapped separately. Breccia
of the Maricao Formation commonly also includes sparse clasts of pale-
colored hornblende dacite similar to that in the Anon Formation

YAUCO FORMATION (EOCENE? THROUGH CAMPANIAN)—Dark-bluish-
gray, pale- to medium-yellowish-gray-brown where weathered, irregularly
interbedded calcareous siltstone, claystone, mudstone, and subordinate but
locally predominant sandstone and conglomeratic sandstone in the western
part of the quadrangle. Chiefly tuffaceous sandstone and subordinate
calcareous siltstone and sparse calcareous claystone in the eastern part of the
quadrangle. Finer clastic facies are laminated to medium bedded (0.3 to
15 ¢cm) and uncommonly very thick bedded (1+ m). Predominantly coarser
tuffaceous sandstone facies are thin to medium bedded (2-15 cm) in the
eastern part of the quadrangle. Graded bedding, crossbedding, and flute
casts are generally sparse in the central and eastern parts of the quadrangle
but are more common near the western border. Siltstone, mudstone, and
claystone consist chiefly of subrounded to angular well-sorted and generally
deeply weathered lithic and mineral clasts in a calcite-clay matrix. Tuffaceous
sandstone in the eastern part of the quadrangle consists chiefly of angular
well-sorted and generally unweathered mineral clasts (plagioclase) and sub-
ordinate well-sorted weathered lithic clasts in a clayey matrix. Limestone is
uncommon and occurs as biosparite lenses composed of rounded to angular
clasts of calcareous algae, rudists and other pelecypods, intraclasts, and
large foraminifers in a generally clear calcite matrix. Local and restricted
but conspicuous interbeds of Lago Garzas, Anon, and Maricao Formations
are indicated on the map but are not mapped separately

LAGO GARZAS FORMATION (EOCENE? THROUGH CAMPANIAN)-—
Pastillo Member, characteristically dark-red, dark-purple, dark-red-brown,
and rarely dark-green augite andesite lava and breccia composed of common
small (<5 mm) plagioclase (labradorite-andesine) and sparse to common
small (<1 cm) augite phenocrysts in an abundant trachytic and locally
vesicular and amygdular finely crystalline to dense groundmass of
microphenocrysts of plagioclase and abundant well-crystallized and con-
spicuous magnetite in generally chloritized glass. Lava commonly shows
well-developed flow texture in the field and thin section. Where pillowed,
in the Castafier area and locally elsewhere, pillows average 40 to 60 cm
across and display characteristic dense selvages, radial fractures, abundantly
vesicular interiors, and commonly intrapillow calcarenite and calcilutite
that is commonly dark red and recrystallized. Hyaloclastite deposits locally
overlie thick pillowed lava flows, but are invariably absent in areas of lava
not obviously pillowed. Volcaniclastic breccia, subordinate or roughly
equal in amount to lava in the area, is composed of 30 to 40 percent of
coarse (4-10 c¢cm across) angular to subrounded clasts of generally dark-
colored porphyritic (augite and plagioclase) trachytic and dense to vesicular
augite andesite similar to the lava described above. The breccia deposits
commonly do not show grading, sorting, or bedding. Coarser breccia clasts
are separated one from another by a finer grained clastic matrix of lithic
clasts like the coarse clasts described. Interbeds of finer-grained clastic or
tuffaceous rocks are sparse and only locally present. They consist of sand-
to silt-size dark-colored lithic clasts like those described, and variable
amounts of angular to subrounded generally unweathered clasts of plagioclase
and augite. These latter rocks are either tuffaceous sandstone and siltstone
or tuffs. Locally, especially in outcrops along the Cordillera Fault in the
central part of the quadrangle, lava flows characteristic of the Lago Garzas
are interbedded with dark-gray massive and non-pillowed two-pyroxene
olivine basalt lava flows

GEOLOGIC SYMBOLS

Contact—Dashed where approximately located; queried where inferred; dotted
where concealed (contacts of alluvium approximately located are shown by
a solid line)

Fault—long dashed where approximately located; short dashed where inferred;
dotted where concealed. Ball and bar on downthrown side; strike slip
movement shown by arrows. T, movement toward observer; A, movement
away from observer

Folds—Showing axial trace and direction of plunge where known; long dashed
where approximately located; short dashed where inferred

Anticline—Showing direction of plunge
Syncline—Showing direction of plunge

Strike and dip of beds; ball indicates top of beds known from sedimentary
structures

Inclined

Horizontal

Minor syncline—Showing plunge of axis; top known from sedimentary structure

Conspicuous beds or minor sequences of beds in other units; combined symbols
indicate combined lithofacies

Anodn in Yauco or Lago Garzas
Lago Garzas in Yauco

Maricao in Yauco

Lago Garzas in Maricao

Anon in Maricao

Maricao in Andn

Yauco in Anén and Lago Garzas
Lago Garzas in Anon

Hydrothermally altered zones
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GEOLOGIC MAP OF THE MONTE GUILARTE QUADRANGLE, PUERTO RICO

By

Richard D. Krushensky and Angel F. Curet
1984

INTRODUCTION

Volcanic, intrusive, and related epiclastic rocks of Late Cretaceous and
early Tertiary age, chiefly volcaniclastic and effusive rocks of the Lago Garzas,
Maricao, and Anén Formations, epiclastic and tuffaceous rocks of the Yauco
Formation, and numerous stocks of augite trachybasalt and hornblende dacite
crop out widely in the Monte Guilarte quadrangle. A single small stock of two-
pyroxene olivine basalt and two small stocks of hornblende quartz diorite
crop out over very restricted areas of the quadrangle.

Both intrusive and extrusive rocks are cut by predominantly northwest-
trending high-angle normal faults. Geologic evidence suggests that the Membrillo,
Rodadero, and Guayo faults have undergone lateral as well as vertical movement.
The amount of each kind of movement is not known.

STRATIGRAPHY
LAGO GARZAS FORMATION

The Lago Garzas Formation was named by Mattson (1967, p. B22) for
outcrops in the Lago Garzas Cerro El Gigante area in the southwest corner of
the Adjuntas quadrangle, adacent on the east to the Monte Guilarte quadrangle.
The formation was described by Mattson (1967, p. B22-B23; 1968a) as con-
sisting of three interfingering members: (1) an upper member of amygdaloidal
dark-red, dark-purple, and dark-green porphyritic lava of andesitic or dacitic
composition; (2) a middle member of pyroclastic rocks; and (3) a lower mem-
ber of epiclastic rocks. Both of the latter members are of the same lithic types
and composition as the lava of the upper member. In the Pefiuelas quadrangle,
Krushensky and Monroe (1978) named the andesitic irregularly interbedded
sequence of lava, volcaniclastic breccia, tuff, and volcanic sandstone (apparently
the middle member of Mattson) the Pastillo Member of the Lago Garzas Forma-
tion, and they named the green, pumiceous lithic tuff and crystal-lithic tuff,
and hornblende dacite lava that appeared to interfinger with, and stratigraphically
overlie, the Pastillo the Santas Pascuas Member of the Lago Garzas Formation.

In the Monte Guilarte quadrangle, the Pastillo Member of the Lago Garzas
Formation, between Cerro Santo Domingo and the Quebrada Olivar in the
central part of the quadrangle, is lithologically similar to the Pastillo Member in
the type locality (Krushensky and Monroe, 1978). The Pastillo in the type
locality differs from that in the Monte Guilarte quadrangle in that (1) the
Lago Garzas is widely pillowed in the Castafier area.of the Monte Guilarte
quadrangle and locally elsewhere, and in those areas the sequence includes
conspicuous hyaloclastite breccia, and (2) the Lago Garzas in the Monte Guilarte
quadrangle includes local interbeds of a distinctive two-pyroxene olivine
basalt lava identical to that mapped in the interbedded sequence of Pastillo and
Maricao Formations in the Yauco quadrangle (Krushensky and Monroe, 1979),
but not present in the Pastillo type area. East and southeast of Castafier, the
Lago Garzas Formation consists predominantly of amygdaloidal vesicular and
commonly pillowed lava flows and volcaniclastic breccia of dark-red or purple
porphyritic (plagioclase, augite) andesite. The breccia, unlike that in the
hyaloclastite deposits, is polymict to the extent that clasts are of different
colors, textures, and contain varying abundances of minerals, but all clasts are
fine-crystalline dark-colored andesite. Pillow structure is conspicuously dis-
played in water-smoothed outcrops along the Rio Guayo northwest of Castafer.
South of Castafier, augite andesite lava flows of the Lago Garzas, although
predominant in the sequence, are irregularly interbedded with flows of the
two-pyroxene olivine basalt. Neither lava type is pillowed in that area. Two
small fault blocks of Lago Garzas southwest of the fault block that includes
Castafier contain interbeds of claystone and sandstone characteristic of the
Yauco Formation and relatively more coarse sandstone and fine-clastic breccia
of the Lago Garzas as well as some non-pillowed augite andesite lava flows. The
Lago Garzas in the Monte Guilarte quadrangle is lithologically identical to
augite andesite flows and breccia in the sequence mapped as the Rio Blanco
Formation (McIntyre and others, 1970, p. D7-D9) and to parts of the Mal
Paso and Palma Escrita Formations as mapped in the Maricao quadrangle
(Mclntyre, 1975).

Extensive areas of rock mapped as interbedded Lago Garzas and Anoén
Formations cross the Monte Guilarte quadrangle in a. northwest-trending band
of fault blocks, Interbedding of the two visually and mineralogically contrasting
rock types is conspicuous in outcrop, and ranges from large- to small scale,
in which one or the other or both formational components may be tens of
meters to less than 3 cm thick.

Outcrops of this distinctive sequence are continuously present from the
Monte Guilarte quadrangle into the Lago Garzas type area in the southwest
corner of the Adjuntas quadrangle (Mattson, 1968a). Outcrops in the Monte
Guilarte quadrangle and westward into the type area reveal that the Lago Garzas
is not divisible into lower, middle, and upper members. Rather, the lithic types
described by Mattson (1967, p. B22-B23) are irregularly interbedded throughout
the formation.

Lava flows characteristic of the Lago Garzas and local two-pyroxene olivine
basalt flows are widely pillowed and irregularly interbedded with pale-gray,
pale-greenish-gray, and pale-brownish-gray laminated to very thin bedded (0.3-3
cm) and well-sorted crystal-lithic tuff and (or) tuffaceous sandstone and silt-
stone characteristic of the Andn in the area adjoining the Rio Prieto on the
central-western border with the Maricao quadrangle. These interbedded units
have been mapped as the Mal Paso and Palma Escrita Formations in the Maricao
quadrangle (Mclntyre, 1975). Farther east, on the ridge west of Lago Garzas,
the sequence consists of pillowed dark-red lava and hyaloclastite deposits
characteristic of the Pastillo Member of the Lago Garzas, overlying and inter-
bedded with pale-greenish-gray polymict breccia and hornblende dacite lava
characteristic of the Andn. The only pillowed lava in the sequence is that of
the Lago Garzas lithofacies at the top of the ridge. The non-sorted and massive
character of the volcanic breccia of both the Andn and Lago Garzas, and the
non-pillowed nature of most of the lava flows in the sequence suggest that the
major part of the sequence was deposited under subaerial conditions, and that
the interlayered breccia beds were probably mudflow deposits. Lava flows of
the Lago Garzas in the interbedded Lago Garzas and Andn sequence are locally
pillowed in the northwest corner of the quadrangle, but the lack of pillow
structures in the much more extensive area of outcrop north and east of Castafier
indicates that deposition in those areas was also subaerial. In the eastern part
of the quadrangle, especially flanking the Guayo fault, the interbedded Pastillo
and Anon include conspicuous sequences of tuff of both lithofacies but pre-
dominantly of the Anon. There, too, the non-pillowed character of included
lava flows and the non-sorted massive character of included breccia beds suggest
subaerial deposition.

The fault block of interbedded Lago Garzas and Andn on the eastern border
of the quadrangle, east of Escuela Guilarte, continues into the adjacent Adjuntas
quadrangle where the rock was mapped as the upper lava member of the Lago
Garzas (Mattson, 1968a). However, in the Monte Guilarte quadrangle and
extending some unknown distance into the Adjuntas quadrangle, the sequence
consists of interbedded quartz-bearing medium-green vesicular hornblende
dacite lava flows and subordinate pale-green quartz-bearing hornblende dacite
breccia, both of the Anén and, predominantly in the western part of the block,
andesitic breccia of the Pastillo lithofacies. Similarly, in the fault block of
interbedded Lago Garzas and Andn bordering the Lago Garzas type area just
northwest of Lago Garzas in the Adjuntas area (Mattson, 1968a), the sequence
consists, from the Rio Garzas up-ridge, of pale-gray polymict hornblende dacite
breccia and lava overlain by dark-red augite andesite lava, pale-gray hornblende
dacite lava, and at the top of the ridge, by interbedded polymict dark-red
andesite breccia and pale-gray to yellowish-gray crystal-lithic tuff of the Lago
Garzas and Anén. Contrasting colors and lithic types are conspicuous in the
field even though the sequence has been partly saprolitized. The sequence south
of the small hornblende dacite stock on the eastern border of the quadrangle is
similar to that described above but includes more pale-gray crystal-lithic tuff and
thin beds of dark-red fine-grained augite andesite breccia.

Individual beds within the Lago Garzas and Andn, like beds of those forma-
tions where not interbedded, are not traceable for long distances because of
wedging out, soil cover, deep saprolitization, and faulting. In addition,individual
beds or sequences of beds of either lithofacies are in no way different or dis-
tinguishable from beds irregularly interbedded throughout their respective
formations. The assignment of new stratigraphic names of formational or member
rank to such interbedded sequences or parts of them are, therefore, unnecessary
and misleading, and such names tend to obscure that the two widespread
lithofacies are, in fact, interbedded. We, therefore, suggest abandoning use of
the terms Mal Paso and Palma Escrita (McIntyre and otheres, 1970, p. DI1;
Mclntyre, 1974, p. D5) which described interbeds of the Lago Garzas and An6n
and two-pyroxene olivine basalt lava flows in the Maricao quadrangle. Although
areas of hornblende dacite with abundant welded ash-flow tuff clasts like those
in the Santas Pascuas Member of the Lago Garzas (Krushensky and Monroe,
1978) have not been described in other areas, it is probable that the Santas
Pascuas is an example of interbedding of the Lago Garzas and Andn lithofacies.
We suggest, therefore, that the name Santas Pascuas be abandoned and that
the sequence so described be considered as a facies of the Andén Formation.
Construction and retention of separate formational names for different aspects
of interbedded Lago Garzas and Andn serves also to obscure the fact that two
lithofacies formerly believed to be of Cretaceous and Tertiary age are con-
formably interbedded, and that the sequence straddles the system boundary.

MARICAO FORMATION

The Maricao Formation was originally named the Maricao Basalt (Mattson,
1960, p. 337) for the outcrops along the Rio Maricao on the western border of
the Maricao quadrangle. The Maricao, according to Mattson (1960, p. 337-338),
consists predominantly of basaltic lava flows and only subordinate volcaniclastic
rocks. MclIntyre (1975), however, mapped the Maricao quadrangle in detail and
described the Maricao in a newly proposed type locality (McIntyre and others,
1970, p. D7) as composed chiefly of breccia and tuff and only minor lava flows.
Similarly, the Maricao, as mapped and described in the Central La Plata
(Mcintyre, 1971), Yauco (Krushensky and Monroe, 1979), and Monte Guilarte
quadrangles consists chiefly of volcaniclastic rocks. The unit named as the
Maricao Basalt by Mattson (1960, p. 337) is here recognized and redefined as
the Maricao Formation. The lithic modifier is abandoned and the word forma-
tion substituted because the work basalt connotes lava flow and because the
Maricao consists chiefly of rock other than lava flows. The type locality suggested
by McIntyre and others (1970) is appropriate in that it includes the main lithic
types characteristic of the formation.

The Maricao Formation exposed in the Monte Guilarte quadrangle consists
predominantly of massive dark-green and dark-brownish-green volcaniclastic
breccia, typically with conspicuous large and abundant augite phenocrysts and
crystal clasts, and inconspicuous plagioclase phenocrysts. Neither sorting nor
bedding of the larger clasts or matrices of these brecciasisapparent. Volcaniclastic
rocks of both pyroclastic and apparently minor epiclastic origin are lithologically
similar to larger clasts in the breccia facies. The presence of non-pillowed lava
flows interbedded with volcaniclastic breccias, the lack of small-scale bedding
within the matrices of the breccias, and the lack of sorting throughout much of
the Maricao indicate that the formation was deposited chiefly in a subaerial
environment. The breccias were apparently deposited as mudflows.

The Maricao, in the northeast corner of the Monte Guilarte quadrangle, is
lithologically identical to that elsewhere in the quadrangle, and, although ex-
tensively saprolitized to a dark-orange-red clay, it commonly retains indications
of the former mineralogy and texture of the original rock. The sequence consists
chiefly of polymict breccia interbedded with at least three sequences of non-
pillowed lava flows and minor tuff, all typical of the Maricao. Both larger
breccia clasts and the lava retain large and abundant pseudomorphs of limonite
after augite phenocrysts. The rock can be traced 1.1 km into the Adjuntas
quadrangle to the summit of Cerro La Chorrera where it is relatively unweathered
and consists of characteristic porphyritic dark-green lava and volcaniclastic
breccia of the Maricao. This rock, mapped as the Robles Formation by Mattson
(1968a) . is unlike the Robles of the type area (Pease and Briggs, 1960), and
Mattson reports no fossil evidence that would sustain a pre-Cenomanian age for
the rock. The Robles Formation, as mapped in the northwest corner of the
Adjuntas quadrangle (Mattson, 1968a), is lithologically indistinguishable from
the Maricao in the type locality of that formation (McIntyre and others, 1970,
p. D7; McIntyre, 1975) and from rock mapped as Maricao in the Monte
Guilarte quadrangle. Similarly, the Robles Formation mapped in the southwest
corner of the Adjuntas quadrangle (Mattson, 1968a) is, even though locally
metamorphosed by the intrusion of two stocks, identifiable as originally typical
Maricao. Along the border between the Adjuntas and the Pefiuelas quadrangle,
the Robles is continuous with, and identical to, the Andn (former Santas Pascuas)
in the Pefiuelas quadrangle (Krushensky and Monroe, 1978). The relationship
of the Andn lithofacies and the Maricao (Robles) to the northwest toward
Adjuntas is not known. Interbedding of the Maricao and the Andn lithofacies
along the northern border of the Monte Guilarte quadrangle and into the Bayaney
quadrangle, however, suggests that the same relationship might be encountered
in the Penuelas-Adjuntas border area.

ANON FORMATION

The term*“Anon andesite’ was applied by Pessagno (1960a, p. 113) to rocks
that he mapped and described as hornblende andesite stocks in the Jayuaya
and Ponce quadrangles. Mattson (1967, p. B29-B30) noted, however, in detailed
mapping of Jayuya quadrangle (1968b), that the “Andn andesite’ actually
constituted a sequence of interbedded volcaniclastic breccia, tuff, lava, and
mudstone generally of dacitic composition. Accordingly, he changed the name
of the unit to Andn Formation. Lithofacies of the Anon have been mapped
across the Ponce (Krushensky and Monroe, 1975), Jayuya (Mattson, 1968b),
Adjuntas (Mattson, 1968a), Monte Guilarte, Bayaney (Nelson and Tobisch,
1968), Maricao (MclIntyre, 1975), and San Sebastian (Tobisch and Turner, 1971)
quadrangles.  Although different formational names have been applied to
lithofacies of the Andn in these areas, the rocks are lithologically identical to the
Anon as defined by Mattson (1967, p. B29-B30), are not distinguished one from
another, and are not distinguishable from similar repetitive sequences in the
Anon proper. In part, they do reflect different environments of deposition.

INTERBEDDING AMONG THE AN(jN,

YAUCO, AND MARICAO FORMATIONS
Lithofacies characteristic of the Andn, Yauco, and Maricao are known to be
interbedded in the large fault block and four smaller blocks enclosed by the
Membrillo, Cordillera, and Rodadero faults in the south-central part of the
Monte Guilarte quadrangle. The Maricao-Anon contact as drawn in the southern
part of that fault block indicates only the predominance of one lithofacies over the
other. The contact is actually a zone of interbedded dark-green and dark-
brownish-green breccia and sandstone containing large augite phenocrysts and
crystal clasts, typical of the Maricao, overlying polymict generally light-colored
hornblende-dacite conglomerate-breccia characteristic of the Anon. Locally, in
the zone of interbedded lithofacies, the contact is placed above a black fetid
arenaceous limestone correlated with the Andn on the basis of included
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hornblende dacite clasts. Unlike clasts in other areas of the Andn in the Monte
Guilarte quadrangle, the coarser clasts in this area are rounded. The relatively high
degree of rounding and the presence of Foraminifera in the overlying Maricao
lithofacies suggests that the An6én and Maricao here were deposited under marine
conditions. It is apparent from field relations and from the few areas in which
attitudes are present, that the Maricao in the central part of the quadrangle
overlies and interbeds conformably with the Anén. Also, on the north and east
flanks of Monte Mempbrillo, interbedded Yauco and Anén lithofacies are ap-
parently conformably overlain and underlain by massive Anén. Anén in the
interbedded sequence consists of fine-grained breccia-conglomerate and
commonly tuff, interbedded with dark-gray calcareous and locally carbonaceous
claystonz, tuffaceous siltstone, and sandstone typical of the Yauco Formation.
The sequence includes a massive limestone that contains aburdant angular
volcanic clasts and a massive volcaniclastic breccia 4-5 m thick that contains
abundant clasts of rudists. Farther north and lower in the se:tion, coarser
polymict breccias of the Anoén are locally interbedded with darkgreen massive
breccia characteristic of the Maricao.

The fault block south of the Cordillera fault on the west-ceniral border of
the Monte Guilarte quadrangle, although predominantly Yauco, contains from
east to west, interbeds of sandstone and tuff characteristic of the Maricao, con-
formably interbedded non-pillowed lava flows characteristic of the Lago Garzas,
and fine-grained volcaniclastis breccia of the Maricao.

Although the sequence in the northeast corner of the Monte Guilarte quad-
rangle is widely and deeply saprolitized, rocks along the ridge between the
townships of Utuado and Adjuntas consist of pale-colored (gray, gniy-green, and
yellow) saprolitized fine-grained crystal-lithic tuff, lithic tuff, and massive non-
sorted and non-bedded hornblende dacite volcanic breccia of the Andn, and
conspicuous but thin (4-6 m) beds of dark-orange-red saprolitize« and massive
breccia typically containing abundant large limonite pseudomorphsafter augite.
This latter saprolitized rock is characteristic of that developed onthe Maricao.
Saprolitized breccia and tuff of the Andn continue at least 40) m into the
Bayaney quadrangle where the sequence was mapped as the Robks Formation
(Nelson and Tobisch, 1968). In Barrio Santa Isabel, on the north-czntral margin
of the Monte Guilarte quadrangle, pale-gray saprolitized quartz-beiring tuff and
breccia of the Andn were traced 350 m into the Bayaney quadranzle where the
sequence interbeds with a breccia characterized by large limonite pjeudomorphs
after pyroxene. Apparently, the Robles Formation mapped in the Bayaney
(Nelson and Tobisch, 1968) and Adjuntas (Mattson, 1968a) quadrangles is
actually the Maricao Formation,and the Maricao in the Bayaney qualrangle is at
least locally interbedded with the Anon Formation.

AGES OF FORMATIONS

Abundant paleontologic evidence from areas previously mappel indicates
a general agreement on the Late Cretaceous age of the Yauco Formation
(Slodowski, 1956, p. 71-76; Mattson, 1960, pl. 6; Pessagno, 1960a chart 4;
1960b, p. 90-91; 1962, chart 4; Krushensky and Monroe, 1978). Literature
sources indicate general agreement on the age of the Lago Garzas Formation
(Mattson, 1967, p. B24; Pessagno, 1962, chart 3; Krushensky an¢ Monroe,
1978). The age of the Maricao has been inferred because it interbecs with the
Yauco (Mattson, 1960, p. 338; McIntyre and others, 1970, p. D7).

The age of rocks included in the Andn Formation was determinel by E. A.
Pessagno, Jr., (in Mattson, 1967, p. B32) on the bases of included Globigerina
sp. and Globorotalia sp. (keeled) from locations (121,070 E-41,940 N and
121,210 E-41,770 N) bordering the Rio Grande east of Monte Hormiga in the
Adjuntas quadrangle and on the basis of included Globigerina sp. and
Globorotalia cf. G. densa from a location (131,470 E--31,780 N) in the Ponce
quadrangle, as late Paleocene or Eocene, possibly middle Eocene. The former
Mal Paso Formation, here considered to consist of interbedded lithofacies of
the Lago Garzas and Andn Formations, contains, according to Pessagno (in
Mclntyre and others 1970, p. D12), Globorotalia sp. (keeled), G. arigonensis
Nuttall, G. densa (Cushman), and Globigerina sp. of early middle Eocene age.
The Matilde Formation in the Bayaney quadrangle (Nelson and Tobisch, 1968),
also considered by us as lithologically equivalent to the Andn Formation,
contains, according to Pessagno (in Nelson and Tobisch, 1967, p. A19-A23)
Globigerina sp., Globorotalia sp. (keeled), and Stylospongia sp. of late Paleocene
and Eocene age.

The ages of the interbedded Yauco, Lago Garzas, Maricao, and Anén Forma-
tions have not been satisfactorily resolved, chiefly because the rocks are
commonly deeply saprolitized in the area of interbedding. The Yauco Formation
in the southwest corner of the Monte Guilarte quadrangle, about 150 m below
the interbedded Yauco-Maricao, contains, according to Charles C. Smith (U.S.
Geol. Survey, written commun., 1976) Pseudotextularia elegans (Rzehak),
Globigerinelloids sp., Globotruncana aegyptiaca Nakkady, G. bulloids (Volger),
G. contusa (Cushman), G. elevata (Brotzen), G. gansseri Bolli, G. linneiana
(d’Orbigny), G. staurtiformis Dalbiez, Rugoglobigerina macrocephala
Bronnimann, and R. rugosa (Plummer). The presence of G. gansseri and G.
contusa restricts the assemblage to the middle Maestrichtian, and the presence
of rare G. bulloides and G. linneiana indicates, according to Smith, minor
reworking. The Yauco, where interbedded with the Anon in the large fault-
bounded block in the south-central part of the quadrangle, contains, according
to Smith, Heterohelix sp., Globigerinelloides sp. and Globotruncana cf. G.
elevata (Brotzen); and, because of the presence of possible G. elevata, the Yauco
may be middle Campanian to late Maestrichtian in age.

The presence of Globorotalia sp. (keeled), G. aragonesis Nuttall, G. densa
(Cushman), and Globigerina sp. in the interbedded Lago Garzas and Anon
lithofacies (the former Mal Paso Formation) in the Maricao quadrangle (McIntyre,
1975) indicates, according to Pessagno (in McIntyre and others, 1970, p. D12),
an early middle Eocene age for the sequence. It is now apparent that the Lago
Garzas Formation, known in nearby areas to be Late Cretaceous in age, is also
of Tertiary age. In a similar fashion, the Andn in and near the type locality
is known to be Tertiary, but in the south-central part of the Monte Guilarte
quadrangle, where overlain by the Maricao and interbedded with the Yauco, it
is also Late Cretaceous in age. The conformable interbedding of these various
lithofacies indicates that deposition in both submarine and subaerial environments
of volcaniclastic, effusive, and epiclastic rocks did not cease during the
Cretaceous-Tertiary interval (Mattson, 1966) but rather continued uninterrupted
in western Puerto Rico (Krushensky, 1978).

INTRUSIVE ROCKS

Uncertainties regarding age relations between hornblende dacite and augite
trachybasalt stocks have been noted in the text of the geologic map of the
Yauco and Punta Verraco quadrangles (Krushensky and Monroe, 1979). Both
hornblende dacite and augite trachybasalt stocks intrude rocks of Late
Cretaceous age in the Pefiuelas and Yauco quadrangles (Krushensky and Monroe,
1978, 1979). Hornblende dacite intrudes the Anén Formation in the Ponce
(Krushensky and Monroe, 1975) and Monte Guilarte quadrangles, and two small
stocks of augite trachybasalt intrude the Andn in the northeast corner and
north-central part of the Monte Guilarte quadrangle. Precise information as to
the age of the Anon in that area, however, is not available. Extrusive rocks of
the Anon are chemically and mineralogically identical to hornblende dacite
stocks in the Ponce, Pefiuelas, and Yauco quadrangles (Krushensky and Monroe,
1975, 1978, 1979); they differ only in details of texture. The chemical and
mineralogical similarity between these intrusive and extrusive rocks reveals a
consanguineous relationship. Evidence of vent structures is, however, not
known in association with hornblende dacite stocks. Cox and others (1977, p.
693) have published a K-Ar age of 44.3 million years B.P. (middle Eocene) for
hornblende from the quartz diorite porphyry intrusive rock at La Torrecilla in
the northwest corner of the Monte Guilarte quadrangle.

FAULTING

The Cordillera, Membrillo, and Rodadero faults, and a fourth fault of
unknown extent to the northwest, here named the Guayo fault from its trace
through Lago Guayo, cut and offset rocks of the Monte Guilarte quadrangle.
The Cordillera fault, oldest of the four, appears to be a direct continuation of
the Cordillera fault as mapped in the Maricao quadrangle (Mclntyre, 1975).
The Cordillera separates the Yauco or Yauco interbedded with Maricao and
Anon on the south from the Lago Garzas on the north. The geometry of the
Cordillera and Guayo faults suggests that the Guayo cuts the Cordillera and
extends into the Adjuntas quadrangle where the Guayo is cut out by the Cienaga
fault (Mattson, 1968b). The here-named Membrillo fault cuts and offsets the
Cordillera. Lack of the fold structure north of Monte Membrillo in the fault
block bordering the Membrillo on the west indicates that the Membrillo shows
a predominantly vertical movement or that outcrop conditions were insufficient
to distinguish the interbedded folded Andn, Yauco, and Maricao in that area.
Lateral offset of the Cordillera fault by less than 100 m does not indicate signifi-
cant lateral movement on the Membrillo. The Membrillo in the Yauco quad-
rangle and the Cordillera and Guayo faults in the Monte Guilarte quadrangle
are cut by the Rodadero fault. Left lateral movement on the Rodadero appears
minor. The amount of vertical movement is unknown. Although the Rodadero
was not mapped by Nelson and Tobisch in the Bayaney quadrangle (1968)
nor by Nelson in the Utuado quadrangle (1967), recent roadcuts in the area
reveal its presence cutting the Utuado pluton.

Although MclIntyre (1975) mapped the Cordillera fault as a left-lateral wrench
fault in the Maricao quadrangle, the excellently exposed trace of the fault
between the Membrillo and Rodadero Faults, especially in the steep south-dipping
Yauco on the south side of the Cordillera, in the Monte Guilarte quadrangle
suggests that at least the last major movement on the Cordillera fault was vertical.

ECONOMIC GEOLOGY

Mineralization with chalcopyrite and pyrite with secondary silicification and
sericitization is associated with the intrusion of small hornblende quartz diorite
stocks near the north-central border of the quadrangle. Cox and others (1973,
p. 1330) have shown that this deposit is similar to the Tanama deposit in the
Bayaney quadrangle. The deposit has been explored extensively by Kennecott
Copper Corporation (D. P. Cox, personal commun., 1980), but tonnage and
grade estimates have not been made public.

A zone of silicified and sericitized rock surrounds the El Torre hornblende
dacite in the northwest corner of the Monte Guilarte quadrangle. This alteration
zone contains abundant hematite in veins and as films that surround individual
quartz grains, but no sulfides are present in outcrop; the writers do not know of
any evaluation of the base metal potential of this alteration aurole.
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