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Abstract 
The insular shelf off Parguera, Puerto Rico, is 8 to 10 km wide. The shelf break at 20 m depth is a marginal barrier 
reef. The hard rock surface is covered with massive corals and Acropora cervicornis. The barrier is dissected by 
numerous narrow channels through which sand is transported over the shelf edge. The upper slope has a 43° 
gradient where channels are present, and is vertical where channels are absent.  

Between the shelf edge and the coast, two elongate reef systems divide the shelf into an inner, middle, and outer 
shelf. The outer shelf, from the marginal barrier to the Margarita-Media Luna line, is covered with a thin veneer of 
biogenic sands. These are a mixture of recent and relict deposits.  

The backreef lagoons of the middle and inner shelf are similar, and are characterized by fine-grained poorly sorted 
sediments. The fine material comes from winnowing of the backreef apron and from in-situ bioerosion. Up to 10% 
of the calcareous fraction is contributed by coccoliths.  

The backreef apron of Enrique is composed of moderately sorted sands composed of Halimeda, coral, coralline 
algae, and mollusk fragments. This area is relatively barren, although Thalassia covers part of the area and there is 
evidence of abundant burrowing activity. In contrast, a large part of the backreef of Media Luna is covered with A. 
cervicornis thickets. The difference in coral abundance is clearly related to available wave energy.  

Zonation of the forereef is similar to other Caribbean coral reefs. However, the Lithothamnium ridge found in other 
reefs is replaced by Millepora. On Enrique, the zones are sharply defined and narrow in depth range, probably 
because of the low amplitude of available wave action. The zonation on Media Luna is less well defined, but there is 
a development of spur-and-groove structures.  

The shelf is at a fairly uniform 20-m depth. Seismic records and bathymetry indicate that the shelf is of structurally 
controlled subaerial origin with limited modification by post-submergence reef development and sedimentation. The 
reefs have formed either on sand ridges or on the south limb of a syncline of Cretaceous rocks. Growth of 20 m in 
approximately 6,000 years gives a rate of 0.3 cm/year for the reefs.  

INTRODUCTION 
The southwest coast of Puerto Rico has a relatively broad insular shelf compared to the rest of the island 
(Figure 1). Off Parguera, the shelf is 8 to 10 km wide and has an average depth of 15 to 18 m from near 
shore to the shelf break. The general bathymetry of the area suggests the development of karst topography 
on Cretaceous limestones when the shelf was exposed to subaerial erosion during the Wisconsin glacial 
epoch. There is a thin sediment cover over this surface, and minor alteration of the original topography by 
reef growth.  



 
Figure 1. Location of the study area 

Reefs on the shelf are aligned approximately east-west and divide the shelf into distinct sedimentary 
provinces (Figure 2) which are reef dominated. The energy, wave patterns, bathymetry, and sediment 
transportation are unique in each province.  



 

Figure 2. Sedimentary provinces and grain size facies distribution. Dashed lines show seismic surveys presented in 
Figure 6. 

INNER-SHELF PROVINCE 
The inner-shelf province lies between the shoreline and Enrique reef (Fig. 2). This province may be 
divided into four sub provinces (Figure 3) on the basis of differences in sediment characteristics and 
general morphology Saunders and Schneidermann, 1973  
 



 
Figure 3. Transect across the inner shelf province 

Mangrove-Dominated Coast and Shallows 

This province is predominantly a fine-grained carbonate silt and sandy silt facies. The mangrove roots 
along the coast trap fine sediment and also constitute a substrate for the growth of serpulid worms, 
oysters, and other mollusks that contribute shell fragments. There are benthonic Foraminifera and 
Halimeda in the sandy component also. On the shallow banks the sediment is more sandy, and Halimeda 
plates are the dominant component.  

Halimeda - Thalassia Meadows 

There is a dense growth of Thalassia to about 10 m depth. Halimeda, Penicillus capitatus, and Udotea 
flabellum contribute calcareous sand and silt to this facies. The Thalassia blades are covered by the 
growth of coralline algae, encrusting Foraminifer, and mollusks over much of their surface. There are 
patches of Porites porites in the shallow areas, and heads of Manicina areolata in the deeper part of this 
facies. Burrowing activity increases with depth. Below 10 m there is a barren sandy silt environment.  

Ahogada Reef 

Ahogada reef is a discontinuous line of patch reefs which rises abruptly from the seafloor. The reef is 
formed on a monoclinal surface (Figure 4) which may be a former beach line or river delta. (deltaic type 
muds found under reef in core) The seismic evidence fits the origin proposed by Kaye 1959 for these reefs. 
However, there are no data for the outer lines of reefs and they may have formed on the southern limb of 
a syncline in the Parguera Limestone, as suggested by Almy. 1969 The individual reefs do not have a well-
defined zonation. The backreef has a uniform slope from the seafloor to the reef flat. Acropora palmata 
and Montastraea annularis are dominant on the upper forereef slope. The deeper part of the reef slope is 
dominated by Acropora cervicornis, Montastraea sp., and Diploria sp.  
 



 
Figure 4. Seismic profile across Ahogada Reef 

The reef is flanked by a moderately sorted sand, mainly composed of Halimeda plates and coral 
fragments. Less than 20% of the sand is made up of other components, including mollusk fragments, 
coralline algae, Foraminifer, and echinoderm fragments and spicules.  

Backreef Lagoon 

Between Ahogada and the backreef area of Enrique reef, a 15- to 20-m deep lagoon is floored by fine-
grained, muddy sediments. The level, barren floor is broken in places by small patch reefs. The bottom 
sediments are silt and clay, commonly in the form of fecal pellets. The fine sediments are partially 
stabilized by a thin mucus film of filamentous algae, including Schizotrix calcicola. L. R. Almodovar, personal 

cornmun. Some Strombus gigas, other mollusks, Astropecten, and Diadema sp. are present. Thin sections and 
electron microscopy show that the fecal pellets are composed of Halimeda- and Penicillus-type algal 
needles and fragments of pelecypod shells. Other fine-fraction components include coral prisms, 
Foraminifera fragments, and coccoliths. The coccoliths comprise up to 10% of the sample. Approximately 
15% of the fine sediment is terrigenous in origin and results from occasional erosion of the tidal flat by 
rain runoff. The region is semiarid and rainfall is generally confined to the September-October rainy 
period.  

The sand fraction is mainly Halimeda and mollusk fragments. Many of the fragments are bored by 
filamentous algae and fungi. Coral fragments, coralline algae, forams, and echinoderms are minor 
components.  

The fine sediments in the backreef lagoon are derived from:  

• winnowing of the backreef-slope sediments from Enrique  
• in-situ bioerosion of larger fragmental material  
• pelagic sedimentation, and  
• fine terrigenous material that bypasses the nearshore shoal area before deposition  

ENRIQUE REEF ENVIRONMENT 
Enrique reef is part of the line of reefs dividing the shelf into different provinces. The reef may be divided 
into separate depositional and morphological areas (Figure 5).  
 



 
 
Figure 5. Transect across Enrique Reef 

Reef Apron 

The reef apron is the area of sediment accumulation behind the reef flat. Depths are from 5 m at the north 
talus slope to less than 1 m at the reef front. The reef apron has barren sand areas, Thalassia beds, and a 
few areas of patch reefs. The sediments are poorly to moderately sorted, medium- and coarse-grained 
sands. The most important constituent components are coral fragments, mainly of Acropora and Porites. 
These account for 40 to 80% of the sand fraction. The next most abundant constituent is Halimeda 
fragments.  

In the inner reef, coralline-algae fragments account for 10 to 20% of the sand. They are more 
abundant in the outer reef, where fragments of branching and encrusting coralline algae comprise 
more than 30% of the sample. This increase is accompanied by a decrease in the relative 
abundance of Halimeda fragments. The other sand components are mollusk fragments, 
echinoderm spines and plates, and forams. Mollusk fragments are more abundant on the outer 
reefs, at the expense of the coral fraction. Although similar to reefs previously described in the 
literature, Ginsburg, 1956; Kornicker and Boyd, 1962 the Enrique backreef sands contain fewer molluscan 
fragments and more coral fragments. Glynn 1973 suggested that thermal differences between the 
tropical regions and the northern reef areas create a markedly different environment.  

The reef-apron sands are extensively reworked by Callianassa and holothuroids Mathews, 1974 
Mounds cover most of the barren sand area. Although fine-sand-size fecal pellets are common 
near the burrows, wave action breaks up most of these.  

Reef Flat and Shoals 

The reef crest is not formed by coralline algae on the Parguera reefs. This niche is occupied by Millepora 
complanara. There is a relatively narrow, but distinct, Porites flat between the crest and the reef-apron 



sediments in which abundant Halimeda occur with the Porites. Emergent sand islands on Enrique reef are 
composed almost entirely of Halimeda plates. These islands are enlarging and being colonized by 
mangroves.  

Forereef 

The zonation of Enrique forereef has been described by Wallace et. al. 1973 The zones are sharply marked. 
There is a steep slope from less than 1 m to a depth of 21 m. The upper zone is dominated by Acropora 
palmata. The next lower zone is predominantly Acropora cervicornis, and the lower zone is dominated by 
massive corals of mainly Diploria, Montastraea, and Agaricites sp. The lower part of the slope is a 
barren, gravelly sand. There are occasional clumps of Oculina in this zone.  

MIDDLE-SHELF PROVINCE 
This province lies between Enrique reef and the front of Media Luna reef. It consists of a deep lagoonal 
area behind Media Luna and the forereef and backreef areas of Media Luna. There are marked differences 
between the middle shelf and the inner shelf because of differences in wave energy. The other parameters 
are relatively constant. The middle shelf is subdivided into a backreef lagoon, reef apron, and forereef.  

Backreef Lagoon 

The wide expanse of shelf between the Media Luna reef and Enrique reef is actually the backreef lagoon 
of Media Luna. The sediment varies locally in size and composition, but generally it is a fine-grained 
sandy silt. Shell fragments comprise 30 to 40% of the sediment. Other abundant components are coral 
fragments, Halimeda, and forams. There are large, whole or slightly fragmented in-situ shell fragments of 
Arca, Pectinella, and mollusks in a matrix of fine-grained material. These may constitute 5 to 30% of the 
sample. Although the bottom seems to be quiet and an ideal site for organic-debris accumulation, organic 
carbon is less than 1% in the sediments. Burrowing activity is common and may account for the 
consumption of organic debris.  

Reef Apron of Media Luna 

Unlike Enrique, the backreef of Media Luna is similar to those described in Florida and the Bahamas. 
There are abundant thickets of Acropora cervicornis, Porites, and massive coral. The sands are composed 
of mollusk fragments, coral fragments, and Halimeda plates. There is also an increase in the amount of 
coralline algae in the sediments. The change in the backreef apron reflects the marked difference in wave 
energy compared with Enrique reef.  

Forereef of Media Luna 

The reef crest is again dominated by Millepora. The forereef zonation is similar to that of Enrique, but 
there is less distinct zonation and more merging of the zones and overlapping of coral species, owing to a 
change in available wave energy. There is also development of a limited spur-and-groove system not 
found on the Enrique reef complex.  



OUTER-SHELF PROVINCE 
This area, which extends from the forereef of Media Luna to the insular shelf break, is a continuous line 
of deep massive reef forming a buttressed reef line.  

The sediment varies in size and composition, but generally it is a gravelly sand. It is composed of 
molluscan fragments, abundant benthonic Foraminifera, Halimeda plates, and coral fragments, with lesser 
amounts of coralline algae, other forams-especially Homotrema rubrum-bryozoans, echinoderms, 
gorgonians, and sponge spicules. Part of the sand is blackened by pyrite or iron, abraded, and commonly 
covered by encrusting worm tubes. This is believed to be relict sediment. There are also some calcareous 
lithoclasts.  

There is a general decrease of coral and coralline-algae fragments away from the reef. There is also a 
decrease in grain size southward, indicating development of a seaward-moving sand blanket. This is 
supported by aerial observation of sand channels that trend to the south. The sand blanket extends up to 
the raised outer ridge. Seismic lines across the outer shelf (Figure 6) show 5 to 8 m of sand over a hard 
bottom. There are widely scattered patch reefs on the outer shelf. These are massive accumulations of 
coral rising abruptly from the bottom.  

 

Figure 6. Seismic profiles across the outer and middle shelf. Locations are shown by dashed lines in Figure 2. 
Seismic lines were done with a 3.5 kHz profiling system 

SHELF-EDGE REEF 
The outer ridge is generally devoid of sediments. The reef is dominated by massive coral and Agaricites 
sps.; Acropora cervicornis is fairly abundant on the ridge. The ridge has a buttressed-reef appearance 
(Figure 7). This feature has been observed for more than 2 mi (3.2 km) on the shelf edge. The upper 
insular slope descends at 43° and channels are cut into the slope, terminating at approximately 30 m. The 
channels are up to 6 m deep with vertical walls, and generally are less than 2 m wide and 20 to 30 m long 
(Figure 8). They are separated by a wide coral buttress and resemble Pacific reef buttresses, rather than 
the spur-and-groove system typical of Florida reefs. They appear to be a type of surge channel, allowing 
movement of sand from the outer shelf to the slope. Undercutting of the wall has been observed at the 
sediment-water interface. A scoured part of the wall was removed for carbon-14 dating and was found to 
have a modern age. This would indicate that active erosion is occurring in the present environment.  



 
Figure 7. Buttressed shelf-edge reef 
 

 
 
Figure 8. Shelf-edge reef channel – deep spur-and-groove 



The channels contain a bimodal sediment population. The gravel fraction is composed almost entirely of 
Acropora cervicornis fragments. The moderately sorted sand fraction contains coral, coralline algae, 
mollusk fragments, benthonic Foraminifera indicative of shallow-water deposition, and forams typical of 
present water depth. There are only 20 to 30 cm of sand in the channels, and these sands are being moved 
toward the shelf edge by tidal currents and by the action of waves over long periods.  

The sands form an obvious trail down the slope below each channel. These thin veneers of sand have 
been traced below 70 m. The upper slope is bare rock of coral bound by coralline algae, with numerous 
sea fans and soft coral (Fig. 8). Along a shelf-edge survey, areas were observed where the upper 30 to 40 
m of the slope are vertical; where this occurs, there are no channels and the general nature of the 
submerged reef is similar to other Caribbean submerged reefs. Macintyre, 1972  

CONCLUSIONS 
• The Parguera embayment is a site of Holocene deposition of skeletal carbonates. The relict 

components are closely intermixed with modern sediments.  
• The sediments of the inner-shelf region are finer grained and abound in modern fine material 

winnowed from the reef area. The outer-shelf sands have more relict material and almost no fine 
material.  

• The shelf has several lines of reefs which, along with patch reefs, cover about 20% of the area. 
From the seismic profiles, it can be estimated that the reefs have grown about 20 m during the last 
8,000 years (since the shelf was covered by rising sea level) and that 7 to 10 m of sand has 
accumulated on the shelf during this time, in addition to the relict sand that was already present.  

• The reefs appear to be the major source of sediments for the shelf. Fine-grained material is 
winnowed out by the wave pattern and resultant currents and deposited in the backreef areas.  

• The Enrique and Media Luna reefs differ in zonation and development of both the forereef and 
the backreef because of differences in their physical regimes.  

• Development of the shelf-edge reef and the channel system probably began when the sea first 
returned to the present level. The channels formed as surge channels, and are active in the modern 
environment. The reef system off Parguera is healthy and typical for that water depth.  
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