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DESCRIPTION OF MAP UNITS

Qa ALLUVIUM (HOLOCENE AND/OR PLEISTOCENE) — Unconsoli-
dated silt- to boulder-sized material forming stream-channel depos-
its along margins of Valle de Yabucoa and in small coastal low-
lands bordering Cuchilla de Panduras. Locally includes small rem-
nants of several low terraces. Thickness 0-10+ m

ALLUVIUM AND FANGLOMERATE (HOLOCENE AND/OR
PLEISTOCENE) — Mapped around margins of Valle de Yabucoa
and in smaller coastal lowlands. Includes alluvial-plain deposits
(agriculturally modified in the canefields northwest of Punta
Candelero), and stream-channel, terrace, slope-wash, fan, and
landslide deposits of unconsolidated to weakly consolidated,
poorly stratified material containing a mixture of clay, silt, sand,
and gravel. Boundary between this unit and alluvial-plain depos-
its everywhere gradational. Thickness 0-25+ m

Qb BEACH DEPOSITS (HOLOCENE AND/OR PLEISTOCENE) —
Largely unconsolidated medium to coarse sand, predominantly
composed of subrounded to subangular quartz grains and rounded
feldspar grains derived from reworking of older alluvial deposits,
but locally containing sparse to abundant shell fragments. Black
sands containing abundant magnetite are present locally on
beaches along south side of Cuchilla de Panduras. Some beach
deposits include subrounded pebbles, cobbles, and boulders com-
posed of plutonic rocks and reworked coral and algal reef mater-
ial. Numerous low beach ridges present behind modern beaches
at Puerto Yabucoa and at Punta Candelero. Thickness 0-5f m

SWAMP DEPOSITS (HOLOCENE AND/OR PLEISTOCENE) —
Dark-gray to black muck and peaty soil underlying low swampy
areas within or immediately behind beach deposits. Mostly
cleared, but covered locally by mangrove. Thickness 0-5* m

LANDSLIDE DEPOSITS (HOLOCENE AND/OR PLEISTOCENE) —
Largely in southwest part of mapped area. Debris-avalanche
type and composed of abundant boulders, some more than 5 m
in diameter, in sandy clay matrix. Boundaries poorly defined, in
part, and much of matrix material has been removed by erosion.
Deposits result mainly from mass wasting of steep, moderately to
deeply weathered slopes. Thickness 0-10% m

ALLUVIAL-PLAIN DEPOSITS (HOLOCENE AND/OR PLEISTO-
CENE) — Underlie Valle de Yabucoa. Stratified, weakly consoli-
dated deposits composed largely of sand, silt, and clay, and con-
taining scattered pebbles, cobbles, and boulders in some layers.
May include estuarine deposits at depth, as indicated by shell
fragments in one Sun Oil Co. well. Well data compiled by
McGuinness (1946, p. 264) show thicknesses of as much as 50 m,
and more recent data (Luis M. Santana, Sun Oil Co., written com-
mun., 1974) on seven wells in southern half of valley show thick-
nesses of as much as 63 m. Surface and near-surface deposits have
been greatly modified through long history of sugar cane farming,
and in places are overlain by artificial fill. Thickness 0-63+ m

MAFIC DIKE (UPPER CRETACEOUS) — Located in southwest
part of quadrangle, and representative of numerous dikes too
small to be mapped at this scale. Medium- to dark-green, grayish-
green, and gray predominantly fine-grained and equigranular but
locally porphyritic rock, composed of intermediate plagioclase
(locally albitized) and hornblende, and small amounts of pyrox-
ene, magnetite, and pyrite, and sparse quartz; locally common
secondary minerals include epidote, clinozoisite, chlorite, seri-
cite, kaolinite, calcite, limonite, hematite, and chalcedony. Gen-
erally has felted texture, but locally feldspar and mafic grains
have preferred orientation

DIORITE PORPHYRY DIKE (UPPER CRETACEOUS) — Large dike
in southwest part of quadrangle; curved pattern suggests that this
dike and the mafic dike to north may occupy an arcuate fracture.
Medium-dark-greenish-gray rock containing abundant phenocrysts
of andesine and hornblende, and less abundant augite, in a fine-
grained groundmass consisting largely of plagioclase, together
with common hornblende, minor magnetite, and sparse sphene,
apatite, and zircon; plagioclase partly argillized and sericitized,
and mafic minerals partially altered to epidote and chlorite

Kg PLUTONIC COMPLEX OF PUNTA GUAYANES (UPPER CRETA-
CEOUS) — Light- to very light-gray predominantly medium-
grained unfoliated granodiorite having hypidiomorphic-granular
to allotriomorphic-granular texture; commonly weathers to light
red or pink; highly fractured and friable, and in some areas ex-
tensively epidotized along fractures; relatively free of autoliths
and metavolcanic xenoliths. Average composition of main plu-
ton, based on 20 modal analyses, is about 51 percent plagioclase,
13 percent potassium feldspar (20 percent of total feldspar), 32
percent quartz, 4 percent mafic minerals (biotite and very sub-
ordinate hornblende), 0.5 percent magnetite, and minor accessory
sphene, apatite, and zircon. Although granodioritic in average
composition, the rock ranges to quartz monzonite and tonalite.
Plagioclase is largely oligoclase but ranges to sodic andesine, occurs
in tabular subhedral grains generally <0.5-5 mm long (but as much
as 10 mm), and is commonly zoned; most grains are partly seri-
citized and argillized, with comparatively sparse alteration to epi-
dote, clinozoisite, and calcite. Potassium feldspar occurs largely
in anhedral grains that are generally <0.5-6 mm in longest dimen-
sion (but may be as much as 20 mm) and envelop numerous older
grains; includes a little microcline and commonly is rather sparsely
and finely microperthitic. Quartz occurs in anhedral grains and
aggregates that are generally <0.5-6 mm in longest dimension (but
are as much as 20 mm) and is highly strained. Biotite occurs in
euhedral to subhedral grains that are generally <0.5-5 mm in di-
ameter (but are as much as 10 mm) and is partially altered to chlo-
rite and epidote. Green hornblende occurs in stubby to elongate
subhedral grains that are as long as S mm but are generally much
shorter; moderately poikilitic and commonly altered to chlorite
and epidote. Granodiorite is intruded locally, especially in border
zones, by genetically related quartz porphyry, which contains com-
mon phenocrysts of quartz (in part euhedral) and plagioclase, and
relatively sparse biotite and potassium feldspar, in a fine-grained
groundmass of highly sodic plagioclase, with subordinate potas-
sium feldspar and quartz. The granodiorite contains small veins of
quartz (locally feldspathic) and abundant aplite dikes, most com-
monly near contacts with other units; many dikes have intruded
a dominant north-northwest- to northwest-trending joint set, and
some are extensively epidotized

MIXED ROCK (GRANODIORITE OF PLUTONIC COMPLEX OF
PUNTA GUAYANES AND GRANODIORITE OF SAN LO-
RENZO) (UPPER CRETACEOUS) — Partly older granodiorite
intimately injected by younger, and partly hybrid rock

MIXED ROCK (GRANODIORITE OF PLUTONIC COMPLEX OF
PUNTA GUAYANES AND TONALITE FACIES OF GRANO-
DIORITE OF SAN LORENZO) (UPPER CRETACEOUS) —
Mainly tonalite intimately injected by the granodiorite; may
include a little hybrid rock

GRANODIORITE OF SAN LORENZO (UPPER CRETACEOUS) —
Medium-dark-gray predominantly medium-grained rock having
hypidiomorphic-granular texture. Largely unfoliated but locally
has simple planar arrangement of hornblende and biotite grains;
foliation near contacts may be too wispy and irregular for deter-
mination of attitudes. Contains scattered small subrounded au-
tholiths that are darker and more mafic than the host rock, a few
areas of older diorite that are too small or too poorly defined to
be mapped, and relatively sparse metavolcanic xenoliths. Average
composition of rock, based on 16 modal analyses, is about 49 per-
cent plagioclase, 12 percent potassium feldspar (20 percent of
total feldspar), 17 percent quartz, 17 percent hornblende, 2.5 per-
cent biotite, 1.5 percent magnetite, 0.5 percent sphene, and
minor myrmekite, augite, apatite, and zircon. The rock is grano-
diorite in average composition, but distinctly variable locally,
ranging to quartz monzonite and tonalite. Plagioclase occurs in
stubby to elongate subhedral grains generally 1-5 mm long and is
largely andesine, but locally ranges to calcic oligoclase. Potassium
feldspar occurs mainly in anhedral grains <0.5-4 mm in diameter
that may enclose older grains, is commonly characterized by fine,
sparse to moderately abundant microperthitic intergrowth, and is
rarely zoned. The potassium feldspar in this rock (and other ma-
jor plutonic units) includes a little normal microcline, but mostly
appears to be transitional from orthoclase to microcline, a change
that may have been triggered by moderate stress (R. E. Wilcox,
oral commun., 1974). Quartz occurs in anhedral grains and aggre-
gates generally 0.5-4 mm in long dimension and is severely
strained. Green hornblende occurs in stubby to lath-shaped and
almost acicular subhedral grains, and in grain clusters, which are
generally 1-5 mm long but may be as much as 8 mm or more.
Some hornblende is strongly poikilitic, containing inclusions of
plagioclase, quartz, biotite, magnetite, apatite, and sphene; a few
grains contain small irregular unreplaced areas of slightly pleo-
chroic pale-green augite, and numerous grains show partial altera-
tion to chlorite and epidote, with less common magnetite and
sparse sphene. Biotite grains generally 1-3 mm in diameter and
poikilitic in part; sphene relatively common and forms euhedral to
subhedral grains as much as 2 mm long

TONALITE FACIES OF GRANODIORITE OF SAN LORENZO
(UPPER CRETACEOUS) — Light- to medium-dark-gray predom-
inantly medium-grained rock having hypidiomorphic-granular
texture. Largely unfoliated, but faint suggestion of foliation local-
ly near diorite contacts. In places contains subrounded tonalitic
to dioritic autoliths that range in diameter from a few centimeters
to a meter. Locally contains small areas of unmapped older dio-
rite and small angular xenolithic blocks of metavolcanic rock.
Average composition of tonalite, based on 17 modal analyses, is
about 56 percent plagioclase, 4 percent potassium feldspar (7
percent of total feldspar), 23 percent quartz, 10 percent horn-
blende, 4 percent biotite, 1 percent magnetite, and minor augite,
sphene, apatite, and zircon. Mineralogically closely resembles the
granodiorite of San Lorenzo. Tonalitic in average composition,
but ranges locally to granodiorite, and to a darker, more mafic
border facies

MIXED ROCK (GRANODIORITE OF SAN LORENZO AND DIO-
RITE) (UPPER CRETACEOUS) — Intimate mixture of granodio-
rite and older diorite

MIXED ROCK (TONALITE FACIES OF GRANODIORITE OF
SAN LORENZO AND DIORITE) (UPPER CRETACEOUS) —
Largely an intimate mixture of tonalite and diorite, with some
hybrid rock

Qaf

Qap
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DIORITE (UPPER CRETACEOUS) — Medium- to dark-gray, pre-
dominantly medium-grained rock having hypidiomorphic-granular
texture. Largely unfoliated, but characterized locally by weakly
developed foliation, formed by planar arrangement of the horn-
blende grains, and locally contains concentrations of hornblende
in clots, pods, and schlieren. Darkest and most heterogeneous of
the plutonic units; locally contains small subrounded autoliths
darker and more mafic than the country rock, and contains rela-
tively abundant metavolcanic rocks, of which the largest masses
have been mapped (abundant small angular metavolcanic blocks
locally give rock the appearance of a coarse breccia). More mafic
late-stage diorite and hornblendite occur as fracture filling or in
small irregular intrusive masses, and locally the unit contains
layered dikelike bodies (see text). Average composition of the
rock, based on 17 modal analyses, is about 58 percent plagioclase,
3.5 percent quartz, 32 percent hornblende, 2.5 percent augite,
3.5 percent magnetite, 0.5 percent sphene, and minor potassium
feldspar, apatite, and zircon. Plagioclase forms subhedral lath-
shaped grains that are generally 0.5-4 mm long and is andesine in
average composition, ranging locally to sodic labradorite; it is com-
monly zoned, and generally partially altered to sericite and clay
minerals, but only rarely altered to epidote, clinozoisite, and cal-
cite. Potassium feldspar is sparse and occurs in thinly scattered
interstitial grains. Quartz generally present in fine interstitial
grains and aggregates. Green hornblende occurs mainly in stubby
subhedral grains and grain clusters that are generally 0.5-5 mm in
long dimension and may be strongly poikilitic; commonly altered
to chlorite and epidote. Pyroxene commonly present and is a
colorless to pale-green slightly pleochroic augite that may form
discrete grains but is generally present as irregular patchy unre-
placed remnants in the hornblende grains

METAVOLCANIC ROCKS (UPPER CRETACEOUS) — In southwest
part of quadrangle predominantly medium- to dark-gray and dark-
greenish-gray, fine-grained rocks; equigranular and massive in ap-
pearance, but locally porphyritic or laminated; probably represent
lava flows in large part, plus some volcaniclastic material; meta-
morphosed to hornfels of the amphibolite facies, and largely a
granoblastic mosaic of intermediate plagioclase (locally albitized)
and hornblende, together with accessory magnetite and minor po-
tassium feldspar, quartz (secondary in part), pyroxene, biotite,
pyrite, chalcedony, and limonite stain. Many of the small meta-
volcanic xenoliths in granodiorite of the plutonic complex of
Punta Guayanés (all unmapped) are light gray to buff, phyllitic to
schistose, relatively quartzose, and apparently were derived from
quartz latitic flows or intrusive masses. Metavolcanic rocks in
northeast part of quadrangle lie at border of the batholith and are
probably correlative with volcaniclastic rocks assigned by John
M’Gonigle (oral commun., 1975) to the informally named forma-
tion of Rio Abajo in Humacao quadrangle; show compositional
layering and foliation that must be due largely to the metamor-
phic effects of the batholith and parallels well-developed planar
structure in the adjoining granodiorite; the rocks are very fine to
medium grained, medium dark gray to grayish green, phyllitic to
almost schistose, and consist largely of intermediate plagioclase
and green to bluish-green hornblende, with subordinate quartz,
and relatively common magnetite, limonite, and hematite

CONTACT — Approximately located around Quaternary units and
mixed-rock units (Kgl, Kglt, Klgd, and Kltd)

_I_E-? FAULT — Dashed where approximately located; dotted where con-
cealed; queried where doubtful. Bar and ball on downthrown
side. Parallel arrows show relative horizontal movement. T, to-
wards observer; A, away from observer

STRIKE AND DIP OF PRIMARY FOLIATION IN PLUTONIC
ROCKS — As shown by planar arrangement of mafic minerals and
orientation of mafic-rich segregations and platy metavolcanic in-

clusions
70
e Inclined
—— Vertical
70
—h— STRIKE AND DIP OF COMPOSITIONAL LAYERING AND PAR-
ALLEL SCHISTOSITY IN METAMORPHOSED VOLCANI-
CLASTIC ROCKS ALONG BORDER OF BATHOLITH — Shown
only in northeast corner of quadrangle
%2 STRIKE AND DIP OF FOLIATION INDUCED BY SHEARING
AND CATACLASIS — Possibly related to offshore strike-slip
faulting. Limited to southwest shore of Punta Guayanés
" QUARRY — Material used largely for fill, and to a smaller extent
for road metal, aggregate, and riprap
X2 ROCK SAMPLE LOCALITY — Showing field number of sample for
which petrologic mode was determined
PG-112
L ROCK SAMPLE LOCALITY — Showing field number of sample for

which chemical analyses and norms were determined

INTRODUCTION

The earliest references to the geology of southeastern Puerto Rico are by Lobeck
(1922), Fettke (1924), and Meyerhoff (1933); Fettke’s report was the first to de-
scribe the plutonic rocks of the region. The Punta Guayanés quadrangle was investi-
gated during 1954-56 by J. P. Owens and R. B. Guillou as a part of their study of
the San Lorenzo batholith. Subsequently, additional limited investigations of the
Punta Guayanés area were carried out by W. H. Monroe, M. S. Tischler, P. A. Gela-
bert, and C. H. Broedel. Mention of the area is included in the paper by Kaye
(1957) on the structural geology of Puerto Rico, and in his report (Kaye, 1959) on
the coastal geology of Puerto Rico.

ROCKS OF THE SAN LORENZO BATHOLITH

The Punta Guayanés quadrangle lies almost wholly within the composite San
Lorenzo batholith, which underlies an area of about 500 km? in southeastern
Puerto Rico. The batholith is composed of gabbro, diorite, tonalite, granodiorite,
and quartz monzonite, which in part are local variations within the plutons com-
posing the batholith, and in part represent a general progression from mafic to more
felsic intrusions. The plutons were apparently emplaced over a period of about 12
m.y. in Late Cretaceous time. However, potassium-argon ages obtained from samples
of these units are shown in table 1 and indicate that the granodiorite of Punta Guay-
anés might possibly be Paleocene in age. The batholith contains a few roof pendants
and numerous smaller fragments of metavolcanic rocks.

TABLE 1. — Summary of potassium-argon ages for plutonic rocks from the
Punta Guayanés, Humacao, and Juncos quadrangles, Puerto Rico

[Analysts: R. F. Marvin, H. H. Mehnert, Violet Merritt, and W. T. Henderson]

Lab no. Field no. Plutonic unit |Age (m.y.) Anfuyzed Locality
mineral
D2332H | 53-1A' | Diorite------- 77.8+ 1.6 | Hornblende | Punta Guayanés
quadrangle
18°01'28" N,
65°51'19" W
D2333H | 53-1B' | ---do-------- 784+1.6|---do----- Punta Guayanés
quadrangle
18°01'23" N,
65°51'14" W
D2328H | 39-1! Granodiorite of | 74.3%£1.5 | ---do----- Humacao quad-
San Lorenzo rangle 18°07’
34" N, 65°51'
48" W
D2328B | 39-1%:3 | ---do--cc-oo- 65.7% 1.6 | Biotite-- - - Do.
D2000H | 38-42 ==-do-------- 73.5+ 1.5 | Hornblende | Juncos quad-
rangle 18°09’
08" N, 65°58'
50" W
D2000B | 38-42 SR, 1. 72.7+2.0 | Biotite- - - - - Do.
D2334H | 53-2' Granodiorite of | 66.3+2.9 | Hornblende | Punta Guayanés
plutonic com- quadrangle
plex of Punta 18°05'54" N,
Guayanés. 65°50'21" W
D2334B | 53-2! T I 65.7+ 1.6 | Biotite-- - - Do.

3 According to R. F. Marvin (oral commun., 1974),
the discordance between hornblende and biotite ages
for this sample was probably caused by a later thermal
event which affected the biotite.

The Punta Guayanés quadrangle contains three major plutonic units, a diorite,
the granodiorite of San Lorenzo (and associated tonalite facies), and the granodio-
rite of the plutonic complex of Punta Guayanés.

Diorite. — Diorite is the oldest and most heterogeneous plutonic rock in the
quadrangle and is exposed largely in its southwest part, where it is intruded by San
Lorenzo and Punta Guayanés rocks. Excellent exposures of the diorite can be seen
along the shore in the Punta Toro area, and in several large borrow pits near its
northern edge. The diorite at the north-central edge of the map is part of a sizable
pluton in the Humacao quadrangle to the north (John M'Gonigle, oral commun.,
1975).

In places the diorite has well-defined, somewhat rhythmic layering, which re-
sults from a variable hornblende-plagioclase ratio and changes in grain size. Individ-
ual layers may range from a few millimeters to a meter or more in thickness, but are
generally 1-5 cm. Most layered masses are obviously linear features and have north
to northwest trends and steep dips, paralleling a dominant fracture set. Near pluton
margins they have a more random orientation and may crosscut one another. Al-
though the layered masses show a graded texture in places, they are not consistently
graded, and a cumulate origin appears to be unlikely. Their dikelike nature suggests
formation by fracture filling, perhaps during the late stages of the intrusion.

Granodiorite of San Lorenzo. — This granodiorite underlies an extensive area in
the northern part of the Punta Guayanés quadrangle and is part of a pluton that
makes up at least 75 percent of the San Lorenzo batholith. The granodiorite is here
named informally for the town of San Lorenzo in the west-central part of the
Juncos quadrangle; the batholith is also named for this town. (The granodiorite was
described by Broedel (1961) on his map of the Juncos quadrangle, which lies im-
mediately northwest of the Punta Guayanés quadrangle.)

The granodiorite is well exposed in the sea cliffs of Morro de Humacao in the
northeast corner of the quadrangle. Though mostly granodioritic in composition,
the rock grades locally to quartz monzonite and tonalite. The variable composition
of the granodiorite of San Lorenzo in the northern part of the quadrangle and its
relatively low quartz and high hornblende content suggest that much of the rock is
contaminated with dioritic material.

Foliation is well developed only near the northeast edge of the batholith, where
some mafic-mineral-rich pods and lenses and a few, thin, platy to lenticular inclu-
sions of metavolcanic material parallel the foliation and where, also, the rocks are
strongly sheared and crushed locally parallel to the foliation.

The granodiorite of San Lorenzo was intruded by granodiorite of the plutonic
complex of Punta Guayanés, and locally is cut by numerous small dikes and irregu-
lar masses of that rock, especially near its contacts with the Punta Guayanés. Local-
ly it is cut by aplite dikes which generally follow joints and small faults.

Tonalite facies of granodiorite of San Lorenzo. — Tonalite is exposed in the
southwest part of the mapped area, where it intrudes the older diorite and in turn
is intruded by younger granodiorite of Punta Guayanés. Small unmapped bodies of
tonalite are alse present in the northernmost part of the quadrangle; exposures in
the vicinity of Playa de Guayanés, together with the distribution of the tonalite in
the Yabucoa quadrangle to the west, suggest that the south half of the Valle de
Yabucoa is underlain by this rock.

Exposures of the tonalite in sea cliffs near Punta Toro show the highly irregular
and complex nature of its contact with the older diorite. The contact zone is
marked by extensive epidotization, commonly along a nearly vertical N. 10%-15° W.
fracture set and also parallel to layering in the diorite that has the same general atti-
tude.

! Collected by John M’Gonigle.
?Collected by Dennis P. Cox.
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Granodiorite of the plutonic complex of Punta Guayanés. — The youngest major
unit within the San Lorenzo batholith comprises many small to moderately large
plutons that range from quartz monzonite near the center of the batholith to tona-
lite near the margin. This plutonic complex is here named informally for Punta
Guayanés, a large rocky headland where there are excellent exposures of the largest
pluton. This is the most extensive and most homogeneous unit in the Punta Guay-
anés quadrangle and is the easiest to recognize, being distinguished by its light color,
large quartz grains, and obvious biotite, which may occur in large euhedral grains.

The rock is somewhat variable in grain size and in the ratio of biotite to horn-
blende. Biotite generally predominates and may be the sole mafic mineral, but
locally it is subordinate to hornblende, perhaps as a result of contamination, for
such rock generally lies close to a contact with the granodiorite of San Lorenzo.

In the southwest part of the quadrangle, the unit forms several small, nearly
tonalitic bodies that in part are intimately mixed with the tonalite facies of the
granodiorite of San Lorenzo and cannot be separately mapped.

The small exposure in the extreme southwest corner of the map area is the east-
ern end of a large tonalite pluton in the adjacent Yabucoa and Punta Tuna quad-
rangles.

Zones of mixed rock. — The contacts between plutons are commonly complex,
poorly exposed, and must be generalized; in part they are transitional and have been
mapped as zones of mixed rock which may be more than 1 km wide. These zones
are highly generalized, and they exist in other areas where they may not be suffi-
ciently wide or persistent to be mapped. Perhaps in part they represent low-dipping
contacts between neighboring units.

These zones consist in part of an intimate physical mixture of rock types, but
also contain hybrid rocks, representing some assimilation of the older rock by the
younger invading magma. The mixed zones may also be characterized locally by
extensive alteration (especially epidotization), by an abundance of aplite and small
quartz veins, and by a minor sporadic occurrence of pyrite and copper and iron
minerals.

GEOMORPHOLOGY

Lobeck (1922), Fettke (1924), and Meyerhoff (1933) believed the principal fea-
tures of the southeast coast, large headlands separated by wide alluviated valleys,
resulted from submergence during Pleistocene time, when the coastal valleys became
estuaries and were gradually filled in by river-borne deposits, probably behind bay-
mouth bars. Both Fettke (1924) and Meyerhoff (1933) postulated post-Pleistocene
emergence of the coast amounting to about 30 m. No evidence of old strandlines
may be seen today in the Punta Guayanés quadrangle, and fault control probably
has played a dominant role within the mapped area, as suggested by Kaye (1959,

S0 I S
? STRUCTURAL GEOLOGY

Joints. — Plutonic rocks in the Punta Guayanés quadrangle are characterized by
numerous steep joints that are particularly conspicuous in the sea cliffs, where they
have been accentuated by weathering and wave action. The predominant joint set
has a north-northwest to northwest trend, and many of these fractures are intruded
by aplite dikes. Lesser joint sets have general northeast and east trends and are less
clearly defined. Flat to low-dipping joints are also present; these may be largely
secondary sheeting or exfoliation planes but some are primary fractures related to
cooling of the magma.

Faults. — Faults are difficult to recognize in this area of generally poor exposures
and homogeneous rock lacking in horizon markers. Where sharp contacts of con-
trasting lithologies are well exposed, however, as in some sea cliffs, small-scale
faulting is locally common.

The quadrangle may include parts of several large fault blocks, although the post-
ulated bounding faults of these blocks are largely concealed. The Cuchilla de Pan-
duras may be an area of uplift, bounded on the southeast by an offshore fault and
on the north by a fault following the southern margin of the Valle de Yabucoa and
the Quebrada Guayabo in the Yabucoa quadrangle to the west. Evidence for the
offshore fault on the southeast is shown on a chart by the U.S. National Oceanic
and Atmospheric Administration (1975), which shows a steep east- to east-northeast-
trending submarine scarp 1.5-3 km offshore (Kaye, 4959, p. 51-52). The Cuchilla
de Panduras fault block may have undergone comparatively recent uplift of 20-25
m on the south and east, because the small alluvial lowlands in those areas are
marked by cliffs along their seaward margins and are being rapidly dissected.

The upland area to the north of the Valle de Yabucoa may also have been sub-
jected to relatively recent uplift, along a series of faults of varying orientation. This
uplift is suggested by downcutting of the larger streams emerging from the area.

The remnants of several low terraces along these streams may indicate several peri-
ods of recent uplift. The faults shown in the Playa de Guayanés and Aguacate areas
may be related to this fault system.

The most persistent and best-documented fault exposed within the quadrangle
has a northeasterly trend across the Cuchilla de Panduras and lies parailel to the
shoreline. It may have a left-lateral strike-slip component amounting to 150-180 m,
although contacts match imperfectly across the fault and the structure may also
have an appreciable dip-slip component.

The well-developed gneissic structure on Punta Guayanés headland appears to
be wholly the product of shearing and cataclasis. This area is underlain by an inti-
mate mixture of San Lorenzo and Punta Guayanés rocks, which are cut by a late-
stage quartz porphyry related to the latter unit. The strike-slip movement seems
to have taken place during intrusion of the porphyry, for the older rocks are uni-
formly sheared, whereas some bodies of the porphyry are strongly sheared, some
are moderately sheared, and some are not sheared at all. Abundant aplite dikes in-
trude only the granodiorites, are parallel to the foliation, and appear to have been
sheared. The foliation is most strongly developed in the granodiorite of San
Lorenzo, as the abundant hornblende and biotite have been stretched into elongate
to wispy fragments. The strike of the foliation is rather uniform but the dip is high-
ly variable, apparently due to small-scale cross faulting and the rotation of blocks.

ECONOMIC GEOLOGY

The Punta Guayanés quadrangle contains no known mines or prospects, and
mineralized areas appear to be very sparse.

Small amounts of magnetite are associated with some hornblendite, and magne-
tite is concentrated locally in small amounts in the beach sands within the quad-
rangle, particularly along the south side of the Cuchilla de Panduras, but it is im-
probable that any commercial iron deposits occur within the map area.

Traces of copper were noted in all of the major plutonic units, mostly commonly
incontact zones. The copper occurs in chalcopyrite, malachite, and azurite, which
occur in sparsely disseminated form, in veinlets following fractures, and within some
small nodular masses that may represent altered autoliths. A semiquantitative spec-
trographic analysis of a fist-sized sample from one of these nodules showed 2 percent
Cu, 0.3 percent Mn, more than 10 percent Fe, and 0.3 percent Ti.

Weathered and saprolitized plutonic rock, and to a small extent metavolcanic
rock, have been used extensively within the quadrangle as a source of fill, and some
fresh granodiorite and tonalite have been used for road construction and for aggre-
gate and riprap.

Beach sands form the best source of aggregate, but locally contain calcareous
material and magnetite, which could be undesirable. Although excavation on
beaches has been curtailed, owing to environmental concern, some offshore depos-
its might possibly be dredged. The best sands are those derived wholly or in part
from the Punta Guayanés rocks, because of their high quartz content and coarse-
ness.

The extensive alluvial deposits in the quadrangle might also be considered as a
source of aggregate, although sand and gravel would have to be recovered by a
washing process. Some quartz-rich lag gravels derived from the Punta Guayanés
rocks might be exploited locally as a source of concrete aggregate.

ENGINEERING GEOLOGY

Most of the bedrock in the quadrangle consists of diorite, tonalite, and grano-
diorite, which have similar engineering characteristics. All the rocks are granular
in texture, predominantly medium grained, and, except where highly fractured, are
massive and have low porosity. Where the rocks are fresh, all should have adequate
bearing and shearing strength for any ordinary engineering requirements, such as
foundations for buildings, highways, dams, and other structures, for the construction
of tunnels, and as material for fill, aggregate, and riprap.

In general, the diorite should furnish the strongest material, because of the inter-
locking texture of the lath-shaped plagioclase and hornblende grains that compose
most of the rock, and because of a lack of platy minerals, such as biotite and chlo-
rite; it would be superior for such things as tunneling and riprap. The Punta Guay-
anés rocks would be the weakest, because of the relative abundance of large biotite
grains and the friable nature of the rocks, resulting from abundant fractures. On
the other hand, as they tend to break down rather easily and require less crushing
than the other rocks, they would be useful as base course for highways and for con-
crete aggregate.

It is impossible to generalize about the metavolcanic rocks, as they vary widely
in their characteristics, and each occurrence would have to be assessed individually
for engineering uses.

At tunnel or dam sites, zones of weakness such as areas of hydrothermal altera-
tion, major fault zones, and closely jointed areas should be avoided.

Deep weathering of the diorite and rugged topography are responsible for relative-
ly poor slope stability in the Cuchilla de Panduras, and most of the landslides that
have been recognized are in that area. On the other hand, the Punta Guayanés
rocks are characterized by shallow weathering and relatively low, rolling topography,
for the most part, and have the greatest slope stability of the major plutonic rock
types.

The alluvium, colluvium, and beach deposits within the map area range from
weakly consolidated to wholly unconsolidated and are easily excavated but are
characterized in part by poor stability and might form insecure foundations for
many structural purposes. The degree of instability depends in part on the clay con-
tent, which is relatively high in many of the alluvial and colluvial deposits. Also,
many of these deposits underlie lowland areas that are subject to flooding during
periods of torrential rainfall, or might be inundated during occasional hurricanes or
by tsunamis, and these hazards should be carefully considered before any construc-
tion was undertaken. (See Fields, 1971, for data on recent floods in the Yabucoa
area.)

Landslide areas are highly unstable, of course, and old landslides and areas of
potential landslide should be avoided as far as possible. The map area does not
appear to be seismically active, but the possibility of earthquakes cannot be ex-
cluded, and it must be assumed that they could trigger new slides.
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