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INTRODUCTION

Puerto Rice must investigate its potential offshore
depesits of sand and gravel and the envirommental effects of
exploiting them. Scarcity of sand deposits onshore has
already led to mining of sand from beaches and coastal dunes,
destroving their beauty and protective function.

In 1970 the U.S. Bureau of Mines (1972, p. 636) stated
that "Puerte Rico has limited natural sand rescurces; these
have been heavily exploited***_, Suggested alternative
sources for natural sands include mining submarine
deposits***the availability of aggregate is one of Puerto
Rico's most pressing problems and one that regquires a
solution in this decade*¥**. Alternate supply sources must
be developed or severe shortages probably will develop
during the 1970's."

A citizen's committee reporting to the overnor of
Puerto Rico in 1972 {Committee on Puerto Rico and the Sea,
1974, p. 88-89) stated that "The construction industry will
be facing & crisis by the end of this century if an adequate
supply of sand is not secured within the next decades®**.

A systematic study of the submerged deposits around the
Island of Puerto Rico should be conducted***."

The authoritative Marine atlas of Puerto Rico (Pilkey,
1976, p. 113) notes that "***it is possible that someday we
will have to mine sand from the insular shelf as a necessary
alternative to beach and river mining."

Because of the apparent developing need for sand from
the insular shelf, the Marine Geology Program conducted
jointly by the U.S. Geolegical Survey and the Department of
Natural Resources of the Commonwealth of Puerto Rico is
investigating sand deposits on the insular shelf of Puerto
Rico. Field work for this report was carried out from
research vessels of the Department of Natural Resources,
and size and acid-insoluble analyses were made in the
Department's laboratory.

This report provides information concerning three major
sand bodies located on the insular shelf. As might be
expected in an area of westward-directed winds and water
currents, all three sand areas are at the western end
of islands. The Isabela area is located at the western end
of the north coast of Puerto Rico; the Bahia Sucia area is
located near the west end of the south coast of Puerto Rico,
Just east of Cabo Rojo; and the Escollo de Arenas arﬁa is
located nerth of the western end of Vieques TIsland. These

three areas are thought, on the basis of present information,

to contain the largest sand deposits on the Puertc Rican
insular shelf. !

This report includes the following information on each
area: the water depth and the configuration of the bottom,
the nature of the sediment at the surface, and a description
of the general geology. Information on the thickness of the
deposits and the change in their sediments with depth is
almost entirely lacking te date because little seismic
profiling or driiling has been done. This has prevented
preparation of tonnage estimates or of overall analyées of
the material in the deposits. ;

METHODS

Sediment samples were taken by a shipek sampler in
deep water and by hand in shallow water. Beach samples were

digested in HC], and reweighed to determine carbonate content.
Examination by binocular microscope allowed classification of
the samples into the natural groupings used as map units.

Bathymetry on the maps was contoured from smooth sheets
of the U.S. Coast and Geodetic Survey, now the National
Ocean Survey.

ISABELA ARFA

The insular shelf along the ncorth side of Puerto Rico
is at its greatest width off the small town of Isabela near
the extreme northwestern corner of the island. In this area
the shelf extends about 6 km offshore, where the increase
in gradient that marks the outer edge of the shelf is at a
depth of about 80 m. Along the remainder of the north
coast, the shelf has a width of about 3 km., Off the coast
at Isabela, the surface of the shelf is characterized by a
series of discontinuous terraces. The terraces are gently
sloping surfaces bounded by steeper slopes. One terrace
is found between depths of about 50 and 80 m. Another
shallower terrace, located mainly in the western part of
the mapped area, occurs between depths of roughly 25 and
34 m.

The processes affecting water circulation off Isabela
are not well known. In a general overview Kaye (1959)
stated that the wind regime along the north coast is
dominated by easterly trade winds, which would induce west-
ward wind-driven surface currents; he also stated that ocean
swells come predominantly from the east and northeast.
Cyclic current changes induced by tides have not been
monitored in the Isabela area. Current drogue studies by
the Puerto Rico Department of Public Works (1974, p. 6.155})
off Arecibo, east of the Isabela area, showed both sastward
and westward apparently tidal currents at an average surface
speed of over 0.5 kn (0.3 m/s}). Mean tidal range in the
area is roughly (0.3 m.

The sediments of the shelf are predominantly of skeletal
origin. O©On the inner shelf, however, terrigencus material
contributes a significant portion of the sediment, and in
the beach zone terrigencus material is the dominant component
of the sediment. East of Punta Jacinto, in the area of
influence of the Guajataca River (which reaches the sea 4 km
east of the map border), the coastal belt of sediment con-
tains an appreciable amount of terrigenous sediment and
averages about 2 km in width. West of Punta Jacinto the
terrigenous belt is at places less than 0.5 km wide,
indicating the decreasing importance of terrigenous sources
westward.

Sediment transport in the inner shelf and beach zone
appears to be both longshore and offshore. The dominance
of rounded skeletal fragments having abrasion polish
suggests that few newly formed skeletal fragments are being
brought in from offshore areas.

The terrigenous material is typically absent in the
other shelf sediment types, which are composed mostly of
skeletal carbonate. The characteristics of the sediment
are largely controlled by a depth-related zonation of types
of coralline algae, Halimeda, and foraminifers.

In the inner to middle zhelf, at depths hetween 16 and
34 m, articulate coralline algae of the genus Corallina

increased slope at depths between 32 and 50 m on the middle
shelf, is occupied by nodular coralline algae and nodules of
the encrusting foraminifer Gypsina plana. The coralline-
algae nodules are both massive branching and round inarti-
culate forms. The nodules of Gypsina plana are dominantly
round and typically have a nucleus of smaller coralline-—
algae nodules. The coralline-algae nodules are dominantly
abraded, bored, and stained orangish brown; but fresh-
appearing, unabraded, and unstained nodules do exist in
small numbers. The nodules of Gypsina plana appear*to be
mostly fresh. The apparent change from coralline algae

to Gypsina plana as the dominant fresh-appearing nodule
builder may be indicative of environmental change. Because
of the presence of fresh-appearing coralline-algae nodules,
it is difficult to attribute the apparent environmental
change to fluctuation in sea level. Slow preoduction of
coralline—-algae nodules could acecount for the dominance of
worn and stained coralline-algae nodules. Recent changes
in nutrient and light levels were caused by historic changes
in agricultural and construction processes. Increased
nutrient and sediment runoff may be responsible for the
recent increased production of Gypsina plana.

Algal nodules are generally confined to unstable
bottoms, where wave action and strong currents move them
occasionally (Adey and McIntyre, 1973). Because of the
small tidal range in Puerto Rican coastal waters and the
relatively great depth (32-50 m) of the nodule zone,
nodule movement id probably initiated only during storm
wave and swell conditions. The lack of wave and current
data precludes any definite statement.

The deepest shelf zone, 50 to 80 m deep, is dominated
by a zone of plateform coralline algae; a deep—water species
of Halimeda is also present. The plateform algae is an
encrusting coralline type which forms fragile plates as much
as 4 cm in diameter. These easily broken forms appear to
indicate planar growth perpendicular to the light source in
quiet water.

Another sediment type found in the 50- to 80-m—depth
range on the outer shelf is a skeletal sand characterized
by a fine~grained texture, unimodal particle-size distribu-
tion, and gray to black staining of the skeletal grains.
This sediment type is relict from a time of lower sea level.
It is moderately sorted; the only sediment type showing
better sorting is 'modern beach sediment. Although it is
izsolated from the nearshore mostly terrigenous sediment, it
containg trace amounts of quartz, magnetite, and other
terrigencus grains. Most of the sediment is of skeletal
origin, however. [The skeletal fragments consist of a wide
variety of coralline algae (of both encrusting and
articulated branching forms}. Halimeda, echinoderms,
benthenic and planktonic foraminifers, mollusks, ostracods,
bryozoans, and other forms.

The skeletal grains of this sediment are dominantly
fragmented and abzaded. Both glauccnite and pyrite fill
the voids in porous fragments and the tests of benthonic
and planktonic foraminifers., This is the cause of most of
the staining cbserved. Glauconite formation is favored by a
low rate of sedimentation and slightly oxidizing waters
{McRae, 1972). On the other hand, the formation of pyrite
ig favored by reducing conditions. The association of
these two mineralé is thought to indicate changing micro-
environments probably caused by a patchy distribution of
a filamentous algae found in the field samples.

PREPARED IN COOPERATION WITH
THE COMMONWEALTH OF PUELERTO RICO
DEPARTMENT OF NATURAL RESOURCES

Only a minor portion of the skeletal grains are
unabraded and unstained. The fresh grains are of planktonic
and 1n-sifu origin, whereas the abraded and stained grains
appear to be derived from shallower shelf areas.

This sediment probably accumulated slowly because it has
both relict and Holocene grains and because glauconite is
present. The moderate (that is, rather good) sorting of a
combinaticn of relict and Holocene components indicates that
the sorting was done recently. Because this sediment occurs
in relatively deep water (50 to 80 m), the sorting is
probably done at times of storm-induced wave action.

The insular slope frem 80 m to the maximum sampled
depth of 100 m is floored by a mixture of mud and plateform
coralline algae. No appreciable amount of silt- or clay-
size particles is present on any part of the shelf. The
zona of stable mud deposition is limited to depths below
80 m.

BAHTA SUCIA AREA

Cabo Rojo, an coffshore promontory connected to the
mainland of Puerto Rico by a large tombolo, projects south-
ward from the southwestern corner of the island. It forms

the western margin of the lunate embayment called Bahia
Sucia.

The forces dominating water and sediment movement in
the Bahia Sucia area are not well known. Waves and swells
approach the coastline mostly from the southeast, and they
produce a predominantly westward-flowing littoral drift
system. As inferred from data recorded at La Pargquera,
several kilometers east of the study area, the tides are
chiefly diurnal and have a mean range of about 21 cm
(National Ocean Survey, 1976a).

Beaches of sand or gravel characterize much of the
shoreline of Bahia Sucia, but stretches of rocky cliff
occupy the southern tips of Cabo Rojo and extend eastward
from Punta Melino. Mangrove occurs aleong coastlines of the
northern and western parts of Bahia Sucia. Beach sediments
are all mixed terrigenous~skeletal fragments: the skeletal
fraction is composed predeominantly of Halimeda and mollusk
fragments. Two types of terrigenous fraction are found in
the beach sediments, however. On the west side of Bahia
Sucia the beach terrigencus fraction is dominated by guartz.
Large lithic clasts found with the beach sediment are com-
posed of angular tc subrounded quartz grains in a fine
carbonate matrix; this suggests that the quartz grains in
the beach sand are coming from erosion of nearby bedrock.

In contrast, near and east of Punta Mclino the terrigenous
component of beach sediment ig deminated by lithic clasts,
chert, and a subsidiary amount of guartz. Streams in this
area are dry much of the vear but are subject to flash
fiooding, which probably accounts for the presence of lithic
components in the beach sediment. The beaches near and

east of Punta Mcline have coarser textured sediment (at least
at the time this field work was done) and a higher proportion
of terrigenous grains than those of western Bahia Sucia.

B short distance offshore, beach sediment gives way to
mixed terrigencus-skeletal Halimeda—mollusk mud to gravelly
sand. Skeletal components dominate, but a few terrigenous
grains were observed in all samples. This sediment type has
an extensive cover of Thalassia.

Seaward of Bahia Sucia and occupyving most of the middle
Much of the area

of this sediment type is covered by a field of large sand
waves. The average wavelength is about 350 m, and heights
range from 2 to 3 m. The waves are asymmetrical, the
steeper sides facing southwest. The length of the waves is
on the order of 2500 m. The crests of some of the waves
have been partially colonized by Thalassia and other
organisms. Notwithstanding this partial colonization.
comparison of U.S. Coast and Geodetic Survey {(now National
Ocean Survey) sounding surveys of 1904 and 1965 shows that
the waves have moved southwestward at an overall average
rate of 1.4 m per year during that time. An important
implication for potential mining is that lithification of
the sand is not likely to have taken place. No lithification
has been observed on scattered scuba dives or on reconnais-—
sance high-resclution seismic profiles.

The Halimeda-mollusk gravelly sand of the shelf that
characterizes the sediment composing the sand waves has no
observed terrigenous component. The presence of fragmented
but unstained and unabraded skeletal components and the
presence of easily broken Halimeda plates suggest that the
sand waves are of modern origin. Infreguent storms could
control sand-wave formation and would allow for interstorm
colonization by sea grasses.

The outer-shelf sediment is a Halimeda-coral-mollusk
salt-and-pepper sand and gravelly sand interspersed with
patches of hard bottom. This sediment type is richer in
coral and coralline algas than the inner- and middle-shelf
sediments. From 10 to 50 percent of the grains are stained
gray to black. Some of the darker stained fragments are
highly rounded and polished. The presence of such grains
indicates that at least some of the darker stained
components are relict or residual, for rounding and polishing
take place primarily in a beach enviromment. Highly rounded
and pelished, glauconitized and pyritized skeletal particles
thought to be relict or residual have been found in numerous
areas around Puerto Rico (Schneidermann, 1273).

An additional sediment type occurring in localized
areas was identified in samples collected shoreward of
Margarita Reef and in the smwmall embayvment between the
southern extremities of Cabo Rojo. It is a fine-graimed
shelf Halimeda-mollusk silty sand. Its fine size may
indicate low-energy protected environments.

Active coral reef growth is taking place in fringing
reefs at Cabo Rojo, in a patch reef in the southwestern
part of Bahia Sucia, and at Margarita Reef.

ESCOLLO DE ARENAS AREA

A large linear shoal called the Escollo de Arenas
extends 320° from the northwestern corner of Viegues Island
a distance of 6 km. Water depths over the shoal range
generally from 4 to B m except near Vieques Island,
where depths of 2 m are common. The bathymetry of Vieques
Passage in the area surrounding the shoal is moderately
irregular. Isolated high areas are present, and depths
generally range from 10 to 18 m.

Water movement in Viegues Passage in the vicinity of
the Esceollc de Arenas is dominated by tidal forces. Surface
current measurements in the vicinity of the Esccollo de
Arenas were obtained during a cruise of the U.S. Naval
Oceanographic Office vessel U.5.5. Requisite on November 14-

28, 1961 (station 62-54). Those measurements indicate
westward to southwestward currents having velocities as high
ag 1.2 kn (0.6 m/s), and northeastward currents having
velocities that may exceed 1.5 kn (0.8 m/s). Reversals of
tidal-current direction occur approximately at 6-hr
intervals. A vector summation of the Requisite data on
tidal currents in the vicinity of the Escollo de Arenas
yields a resultant vector directed north at 0.2 kn (0.1 m/s).
This vector fits the concept of sediment transport northward
toward the tip of Escollo de Arenas. Predicted tidal
velocities for Viegques Passage as a whole (National Ocean
Survey, 1976b) indicate mean southwestward current velocities
of 0.6 kn (0.3 m/s) directed 250°, and mean northeastward
current velocities of 0.7 kn (0.4 m/s) directed 055°.

Sand accumulates on the east side of ccastal obstruc-
tions on the north coast of Vieques Island, and this westward
littoral sediment transport is consistent with the direction
of prevailing easterly trade winds.

The sediments of the Escello de Arenas area are of
three major types; each is very different from the others.
Three other types have been defined, but they occur in small
areas, and two of them are mixtures of the three major types.

A salt-and-pepper skeletal sand covers the shelf west
of the Escollo de Arenas. Terrigencus material is generally
absent or is present in only small amounts. The skeletal
grains are commonly abraded, bored, and stained gray to
black. The gray to black stain in this sediment is similar
to that in outer-shelf sediments off Isabela and in the
Bahia Sucia. The dark color is due to glauconitization and
pyritization. Schneidermann (1273) concluded that similarly
stained sediments, often including highly rounded and
polished particles which are found on the inner and outer
shelf of Puerto Rico, were relict and residual in origin.

No polishing is observed in the stained sediment west of

the Escollo de Arenas. The skeletal grains of the stained
sediment there commonly have a rough abraded surface texture.
The stained férms have counterparts in the same samples that
are unstained;and little or not at all abraded. Intermediate
degrees of staining are also found. Becausa of the
similarity of the stained and the fresh-appearing components,
thare seems to be no evidence of enviromuental change since
the stain was formed; components identical to those that

are stained are still being produced in the present environ—
ment. The stéining thus appears to be the result of some
long—term process still going on. That the dark material
fills voids in such easily broken forms as Halimeda

suggeats that the particlies have been recently deposited

and seems proof that the particles have not been transported
very far. Whether the dark staining is inherited from
different past conditions or is a result of a medern long-
term process, the presence of a small number of unstained
and unabraded particles suggests strongly that the area

is one of low.deposition and low productivity.

The Escollo de Arenas itself and the nearby north- and
westooast beaches of Vieques Island have a mixed terrigenous-
skeletal sand and gravelly sand at the surface. The
terrigenous material constitutes more than 65 percent of
the beach sediment, as measured by acid digestion. The
amount of terrigenous material decreases to roughly 10 to 20
percent on the northern extremity of the escollo, where
skeletal sources have increasing importance. Both the
terrigencus and the skeletal grains are subangular to
rounded, are commonly abrasion-polished, and are stained
orangish brown.

The top of the Escollo de Arenas is occupied by sand
waves having wavelengths on the order of 100 m and heights
of about 2 m. That the sand waves ars presently active is
established by observation of marker stakes; sand transport
has been observed at times of maximum current during scuba
cbservations. Furthermore, the sand waves have a steep east
face formed by sediment at its angle of repose. Current
measurements from near Escollo de Arenas have shown flood
velocities of 1.5 kn and ebb velocities of 1.2 kn. Though
they have not yvet been measured, higher velocities are to be
expected over the escolic itself because of the constriction
effect.

The sand-wave crests, with some minor variation, trend
north-scouth, whereas the trend of the Escollc de Arenas
itself is nearly northwest-southeast; the angle between the
two trends averages about 30°. This suggests that the
Escollo de Arenas considered as a whole was formed by
something other than that which formed the sand waves cover-—
ing much of its surface. Zeigler and Geise (1971)
identified submerged beachrock over large parts of the west
side of the Escollo de Arenas, and they suggested that it is
a relict beachspit system built during lower dea stands.
Grearson (1969) examined seismic records made over the
shoal and noted the possible occurrence of relict dunes
underlying modern sediment. '

The modern sediment of which the sand waﬁes atop the
escollo are composed is similar in composition, texture,
staining, and general appearance to that in the submerged
beachrock reported by Zeigler and Geise (1971). The
similarity suggests that modern shoal sands a%e of the same
age and source as older escollo sediments. S?dimentological
similarity between the sand-wave sediments and the sand of
the nearby beaches of Viegues Island, and the'physical
continuity between them suggest that offshore|transport from
the beach at Punta Arenas is also an important sediment
source for the sand waves. !

The third extensive sediment type ¢n the|shelf is
Halimeda-mollusk sand and gravelly sand found|north and east
of the Escollo de Arenas. The sediment is dominated by un—
stained unabraded fragments of Halimeda, but it also contains
mollusk fragments and foraminifers. The 1ack%of aprasion
and staining suggests a relatively short residence time at
the sediment surface and a rate of deposition, higher than
that in other areas. The 1lncreased rate of dgposition
probably results from relatively high biogeni% productivity
in this area. This sediment type also contaihs the highest
silt content of all sediment types in the area. The high
silt content appears to be the result of extensive Thalassia
growth. Thalassia has been shown to act both as a sediment
binder and as a baffle which reduces the velocity of moving
water and causes deposition of fine particles (Ginsburg and
Lowenstam, 1958).

The three remaining sediment types are less extensive,
and two of them occur as small areas between the areas of
the major sediment types. Those two share the characteris-
tics of the adjeining major sediment types.

A terrigenocus-skeletal salt-and-pepper sand and gravelly
sand occurs in an apron on the west side of the Escollo de
Arenas. This sediment type combines the characteristics of
the beach-shelf terrigenous-skeletal sand and]gravelly sand
that occurs on the Escolle de Arenas and the haarby beaches
{rounding, polishing, orangish-brown staining), and the
characteristics of shelf salt-and-pepper skeletal sand that

MISCELLANEOUS FIELD STUDIES
MAP M¥F-1017
CROVE AND TRUMBULL—-SURFICAL GECGLOCGIC MAPS AND
DATA ON THREE POTENTAL OFPSHORE SAND SOURCES ON
THE INSULAR SHELF OF PUERTO RICO

A Halimeda-mollusk salt-and-pepper sand is found north-
west of the Escolle de Arenas. The sediment has characteris-—
tics of both the Halimeda-mollusk sand and gravelly sand that
flooxrs the area northeast of the escollo and the salt-and-
pepper skeletal sand that floors the area west of the
escollo. It is a mixture of unstained fragmented Halimeda
particles and darkened, abraded, and bored skeletal fragments,
mainly wolluskan.

A coral-mollusk sand is found in a few isolated places
on the shelf in the southwestern part of the study area.
The abundance of unstained coral, mollusk fragments, and
coralline algae indicates localized areas of high organic
productivity and deposition.
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and fewer algae of the genera Amphirca and Jania are the shelf is a Halimeda-mollusk gravelly sand.

dominant sediment-producers. The next zone, an area of

Caribbean Geol. Conf., p. 33-35 {Queens College
Geol. Bull. 5).

floors the area west of the escollo (dark-stained and
abraded skeletal grains).

taken from the swash zone. Each sample was analyzed for
size by sieving (Folk, 1974, p. 33=35); it was then weighed,
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correlative with terrigenous fraction, ranges from 19-32
welght percent. Terrigenous fraction consists of angular
to rounded guartz and feldspar grains and fewer mafic
minerals and lithic clasts. Skeletal fraction is a
mixed assemblage of Halimeda and mollusk fragments and
fewer coral fragments and foraminifers {dominantly
Archias and Amphistegina). Skeletal grains largely
fragmented, abraded, and endelithically bored. Less than
10 percent of grains have abrasion pcolish; as much as 30
percent have gray to black stain or void filling

distance from land. Terrigenous fraction largely angular
to subrounded quartz and feldspar grains a?d fewar mafic
minerals and lithic clasts. Rounded and fgosted guartz
grains are present, and other terrigenous grains show
various degrees of rounding and polish. Féldspars and
lithic clasts are commonly heavily stainediorangish
brown. Skeletal fraction an assemblage of[Halimeda and
mollusk fragments and fewer foraminifers (largely
Archias, Homotrema, and Amphisteginal} and goral fragments.

acid. Feldspars and lithic clasts largely polished.
Acid-insoluble residue 78-80 weight percent of sample.
Skeletal carbonate fractign dominantly articulate-—
coralline-algae segments, subrounded and polished,
heavily stained orangish brown
Mixed terrigenous—skeletal|sand of the inner shelf--Poorly
2 to moderately well sorted, fine to very coarse sand.
Terrigenous fraction dominantly quartz grains, and fewer
feldspar grains, lithic c¢lasts, and mafic nonomineralic

stained orangish braown

] Skeletal sand of the outer shelf--Moderately so?ted fine
5 4 sand. Terrigencus fraction minor, includes magnetite

and small angular guartz grains. Skeletal carbonate
fraction largely abraded fragments of corallihe algae,
small calcareous benthic foraminifers, and planktonic
foraminifers. About half the grains stained gray to
black; scme foraminiferal tests contain dark filling of
both glauconite and pyrite

BAHIA SUCIA AREA

DESCRIPTION OF UNITS

Mixed terrigenous-skeletal mud to muddy sand of the mangrove

1 shelf--Very poorly sorted; mean diameters in the fine sand to moderately sorted; mean diameters in the coarse and

Halimeda-mollusk gravelly sand of the middle shelf-=Poorly
4 Har et

grains. Grains angular to subrounded, entirely in- - L ‘ ' range. Acid-insoluble fraction averaging 34 weight percent very coarse sand sizes. Acid-insocluble fraction in all Ske%etal frag@ents abraded and commonly PQ%lShEd ?nd - g ;
soluble in acid. Minor percentage of feldspar and lithic 5 Plzzizir:hziiﬁiiégililgiitzziviiaingiiﬁ:i;iiyiiézgeoiezie is lérgely attri?utable to te%rigenous‘mud component. s§mples less than 9 weight percent; no te?rige?ous i?ac; EZZigeanEigggiz z;z:n-anzrzisifdiczﬁzrgzzzlizszzlzzziazo 5 Ha;;gii;-:§iizzkmzziiéazi_iigizz 2223,OszziiZZEiis_fractiOn E
clasts polished. Acid-inscluble residue 24—@6 weight coarse sand to pebble range. No terrigenous fraction; Terrigenous porticn of sgnd—SLZe fracglon domlnaFed by tion observed. Skeletal constituents gomlnanz v HZ imeda salt_ané_Pepper skeletai o e Shelf—;%oorly o Y o o o e eoidue less than S :
percent of sample. Skel%tal carbonate fraction acid-insoluble fraction predominantly aléal and sponge quartz. Roth angular an@ subrou?ded frosted gralns a;e and m?l%usk fragments and few§r‘coyal ragm?n i and 2 moderately well sorted medium to very coarge sand welight percent. Skeletal fraction is a mixed assemblage E
dominantly articulate-coralline-algae segments and fewer organic detritus. Skeletal carbonate fraction mostly present. Skeletal fractions dominated by Halimeda and foraminifers (largely small miliolids, Archias, an Y \ . : :

Skeletal carbonate fraction made up of abraded and bored
coral, mollusk, and Halimeda fragments and%fewer gorgonian
spicules, coralline algae, and foraminifer? (largely
Amphistegina and Archias). Some encrusting forms of
coralline algae occur as rare noedules as n@ch as 1 cm in
diameter. Salt-and-pepper appearance causad by gray to
black stain and void filling on 20-40 percant of grains.
Terrigenous fraction minor to absent; domipantly angular
to subangular quartz and some feldspar, mafic minerals,
and lithic clasts. Terrigencous grains mosgly fine-gsand
size. Occurrence restricted to the area sputhwest of
the Escollc de Arenas and western coastal;éone of
Viegues Island _4

| Coral-mollusk sand of the shelf--Poorly sort2d coarse sand.
Terrigenous fraction minor to absent. Skeletal fraction

is fragments of coral and mellusks and fewEr fragments of

Halimeda, coralline algae, and foraminifers (mainly

of Halimeda and mollusk fragments and fewer coral frag-
ments, coralline algae, and foraminifers (mainly 4
Homotrema rubrum and Archias). Skeletal grains commonly
abraded and bored by endolithic hicta. Less than 10
percent of grains have gray to black stain or void
filling B
':::Ei::} Halimeda-mollusk sand and gravelly sand cf the shelf—- ;

Cvclorbiculina). Skeletal material generally little
abraded; fragments typically angular, though some abrasion
and endolithic boring obkserved. Minor light-gray
staining

[::E{::: Halimeda-coral-mollusk salt-and-pepper sand and gravelly

fewer mollusk, foraminiferal, and ostracod fragments and
tests. No staining observed

) Mixed terrigenous-skeletal sand and gravelly sand of the

mollusk fragments and calcarecus benthic foraminifers
{largely Cyvclorbiculina éomg;essa and Amphistegina spp.).
Minor percentage of skeletal grains polished; about half
of the grains stained orangish brown
[::E{:::‘Articulate—coralline—algae sand of the inner to middle

fragments of plateform encrusting coralline algae and
fewer calcareous benthic foraminifers (largely
Amphistegina spp.) and planktonic foraminifers.
staining and abrasion ‘
i::}::] Plateform-coralline-algae gravel, sand, and mud of the

Slight

beach zone——Poorly to moderately sorted; mean diameters
ranging from medium sand to very coarse sand size.
Acid-inscluble ranges from 23-85 weight percent.
Terrigenous fraction in some samples dominated by guartz,
in other samples by rock fragments. Chert commonly
present in the latter. Terrigenous grains angular to
subrounded; some abrasion polishing may be present.
Skeletal fraction composed of abraded angular to rounded,
often polished, Halimeda and mollusk fragments and fewer

T

sand of the hard bottom and ocuter shelf--Poorly to
moderately well sorted; mean diameters in the fine to
very coarse sand sizes. Acid-inscoluble fraction less than
4 weight percent, and no terrigenous fraction observed.
Skeletal fraction dominantly angular abraded fragments of
Halimeda, coral, and mollusks and fewer coralline algae,
foraminifers {largely small miliclids, Archias,
Amphistegina, and Cyclorbiculina), echinoid fragments,
and worm tubes. Gray to black staining in 10-50 percent
of grains. A few of the stained grains are rounded and
exhibit polishing. Endolithic bering common

| Halimeda-mollusk sand and silty sand of the shelf--Very poor-

shelf--Poorly sorted coarse to medium sand. Terrigenous
fraction minor to absent; acid-inscluble residue
predominantly algal organic detritus. Skeletal carbonate
fraction mostly articulate-coralline-algae segments and
fewer calcareous benthic foraminifers (largely
Cyclorbiculina compressa and Amphistegina spp.).
Skeletal fragments heaviﬂy abraded; about half of the
fragments stained orangish brown echinoid fragments. Orangish-brown staining found on
Nodular coralline-algae sandy gravel of the middle shelf-- P as many as half of the skeletal grains
4 Poorly sorted; mean diameters in the granule range. , Mixed terrigenous-skeletal Halimeda-mollusk mud and gravelly
Terrigencus material min&r to absent; acid-insoluble 3 sand of the inner shelf--Moderately to very poorly sorted;
: mean diameters ranging from silt to very coarse sand sizes.

insular slope--Very poorly sorted; mean diameters in the
fine to coarse sand range. Terrigencus material re-
stricted to size fraction smaller than 62 x. Acid-
insoluble fraction 7-22 weight percent of sample.

Skeletal carbonate fraction dominantly plateform coralline
algae and fewer planktonic foraminifers. BSlight

abrasion and staining ‘

Poorly to moderately sorted; mean diameters in the medium
to very coarse sand range. Terrigenous fraction minor to
absent. Skeletal carbonate fraction largely Halimeda
plates and fragments and fewer mollusk fragments and
foraminifers (mostly Archias and some Proteclina, Sorites,
and small miliclids). Grains typically unstained and
commonly unbroken; fragments are angular. Grains may be
bored by endolithic biota. A few samples have a light
yellowish-brown surface stain. Occupies the entire

shelf area northeast of the Escollo de Arenas
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Table l.--Characteristics of sediments. The first number in each block is the average value: numbers in Acid-insoluble fraction ranges from 1.6-31.2 weight per- 6 | 1y to poorly sorted; mean diameters in the very fine to
parentheses are minimum and maximum values. cent. Angular to subangular terrigencus component fine sand sizes. BAcid-insoluble fraction less than 9
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