
























Fig. 27 11andc,,.tr11ction 
In thi11 are11. just east of l111bela, ••l\d"a• 
not only rcr1ov«I from thll dunes, but epparl!nt­
ly froa the bc11ch iuelf, leaving 11 1111jor 
ch,mge in the coastline. 
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Fig. 28 Cr•ln •lr;e clHniric11tion 

. 5 

. 25 

.125 

. 0625 

. 03125 

.01562 

. 00781 

. 0039 

.002 

. 00098 

. 00049 

. 00024 

Panlcle• larger than 2.0 cm1 11re gravel, 0.06) 
to 2.0 - gr11in.s &Tf' sand. 0.002 to 0.06) graiM 
are ailt, and particles •aller th11n 0.002 -
llfl' Clll• fli7,('. 

BEACIIES 

A beach is an unconsolidated shore 
of sand and gravel (fig. 25). This 
definition excludes muddy shores 
found in quiet water conditions and 
rocky shores where no appreciable 
amount of loose sediment exists. 
Beaches are unstable features 
geologically and may advance, re­
treat, or even disappear. They 
are of great economic importance 
for recreation and serve as a 
buffer zone protecting the land 
from wave attack (fig. 26). Since 
beaches are also a source of sand 
for couunercial exploitation, there 
is a strong conflict of us where 
the supply of sand is limited (fig . 
27) . 

In discussing marine sediments and 
beach deposits we use a grain size 
terminology by which the particles 
are classified to describe the 
sediment texture (fig. 28). The 
classification is based on the 
diameter of the particles. In 
referring to sediments as sand, 
silt, clay, or gravel we refer to 
the size of the particles making up 
the sample (figs. 29 and 30) . Sand 
is an accumulation of sedimentary 
particles having a diameter between 
0.063 and 2.0 millimeters. 

The percentages of size diameters 
of grains are detennined and a 
mean size calculated to discuss 
the average size of grains in a 
sediment sample. The range of 
sizes, the sort.ing, is determined 
statistically (fig. 31). These 
properties, along with the mineral 
composition are used to describe 
beach sediments. 

A logaritlunic or geometric type 
scale is best suited for describing 
sediment size distributions. A 
geometric series is a progression 
of numbers of such a nature that 
there is a fixed ratio between 
successive elements of the series. 
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and a few small beach plains and 
pocket beaches. 
The eastern end of the island is 
bordered by a shallow shelf with 
abundant coral and marine organisms 
forming carbonate sands. As a 
consequence. the beaches are a 
mixture of calcium carbonate grains 
from offshore and quartz and felds­
par and igneous rock material and 
dark minerals from the land area. 

Although the composition of the 
beaches is similar, physical 
boundaries for med by roe ky head­
lands divide the coast into eight 
distinct beaches. There may be 
li.inited transfer of sand from one 
beach to another in the offshore 
zone, but they arc distinctly 
separated physically. 

Punta Tuna beach is 3 beautiful 
coarse carbonate sand beach with 
some quartz and igneous rock 

material that lies e.nst of the 
Punta Tunn lighthouse.(fig. 134). 
The land adjace1\t to the beach is 
pasture for large herds of cattle, 
but the owner;s have provided 
access to the hen.ch. 

Punta I oro beAch 1.s quartz anJ 
carbonate with some feldspar (fig. 
l35). The quartz and feldspar .is 
derived from the plutonic outcrops 
nor th o( the beach. 

Froo:i Quebrada Honda to Guayancs 
there is a series of pocket beaches 
and some re lat i.vcly long stretches 
of wide beach ( f i&. 136) c<ll1lposcd 
of <1uar t?. and feldspar, ...,i th some 

cnrbo,,atc and igneous rock moteri.n L. 
Cuayones beach. n.t the nor th end or 
chis system is especially rich in 
magnetite (fig. 137). The trnnR­
port of sand in this system is no .... 
interrupted by the deep channel n.nd 
jetties constructed as part of the 
Ynhuco.n Jl:1rhnr. 

The Cclndelero bench system starts 
with a group of small pocket 
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beaches between Punta Guayanes and Punta Fraile. There is a 
continuous beach plain from the Palmas del Mar marina at Punta 
Fraile to Morro de Humacao (fig. 138). The composition is 
dominantly calcium carbonate. There is severe erosion at Punta 
Candelero and for a short distance north. 

The Morillo beach is quartz with some igneous rock fragments and 
dark minerals (fig. 139). From here northward, the beach sands 
are dominantly terrigenous origin. The beach fran El Morillo to 
Naguabo is a relatively broad beach of quartz and feldspar with 
some dark minerals and igneous rock material. There is severe 
erosion along the northern half of this beach and extensive rip­
rnp has been emplaced to protect the highway (fig. 140). Naguabo 
beach is adjacent but slightly separated from the rest of the 
beach. The calcium carbonate content is much higher in this 
beach. 
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SUMMARY AND RECOMMENDATIONS 

1. The beach system of Puerto Rico is not continuous, but is 
broken into separate beach systems. From preliminary data, 
there seems to be transport from one beach to another within 
a beach system, but little or no communication between 
separate systems. 

The termination of a beach system is generally a rocky head­
land with relatively deep water adjacent to the shore. 

2. Since the communication from system to system is probably 
minimal, modifications of the shoreline within a particular 
beach sould have an effect only on other beaches within the 
same system. 

3. Erosion of the shoreline in general and beaches in particular 
is a common phenomenon. Accretion of the shoreline is 
generally occuring only in areas of mangrove shoreline. 

4. The mangrove is a major factor limiting erosion. Where 
mangrove forests have been replaced by. coconut groves 
erosion has generally been initiated. 

5. Erosion is proceding at a much more rapid rate where the 
shoreline is unconsolidated or poorly consol idatcd alluvial 
sediments. 

6. Erosion is much more severe where offshore coral reefs and 
beach rock or submerged eolianitc has been breached and 
reduced in size. 

7. Where sand has been removed from the dune system, major 
erosion seems to be eminent. 

8. The removal of littoral transported sand from river mouths 
has reAulted in accelerated erosion. This is rut area in 
which control of sand extraction is of major importance. 

9. Man's activities of a wide variety. from agriculture and 
urbanization to harbor and industrial construction, has 
adversely affected reef areas and resulted in increased 
erosion. 

10. Addition of riprap has given protection to local areas. but 
has also shifted the locus of erosion and caused problems 
in other areas. 

11. Removal of mangrove along the shoreline has resulted in 
increased erosion. 

12. It is possible that sand could be removed at the downstream 
end of a beach syatcm without an adverse effect on the 
enviro1"1Dent. i.e. La Plata River, Cuonajibo River, Punta 



Ventana Canyon, Malecon dock areas. The rate and extent of 
removal would have to be controlled to avoid environnental 
ccmplications. 

13. A major prospect for sand resources is the submerged sand 
bodies on the insular shelf of Puerto Rico. 

14. The main conflict of interest in the beach portion of the 
coastal zone is between those activities which would use the 
beach area Le. recreation, tourism, urbanization, indus­
trial sites and the construction materials irdustry which 
would remove major amounts of beach Mterial. 

Secondary conflicts exist be.tween the users of the beach in 
terms of natural quality of the enviroment. The solution 
of these conflicts is a matter of planning and zoning. 

15. To date we. have had limited data for use in planning the 
utilization of the beach areas. A major task in collecting 
and analyzing data so that we will have a major body of 
information with which planning decisions can be made. 

16. The program to date has been collection of preliminary and 
relatively unsophisticated data for the preparation of a 
general interest publication. The major aim is to inform 
and alert private citizens atd goverrwent officials of the 
potential problems and the need for careful utilization of 
our beoch resources. 

17. On the basis of the data analyzed to date, specific recom­
mendations can be made as to areas where river and dune 
dredging, and near shore dredging should not be allowed. 
Where there is a requirement to keep the bar of a river open, 
and removal of the material fran the system is causing 
accelerated erosion, the dredged sand should be returned to 
the system downstream. 

Tentative areas of non-harmful sand extraction can also be 
suggested. In these areas, the beach equilibrium should be 
monitor before and during any dredging operations. 

18. The continuation of the beach study program should include: 

measurement of beach profiles in selected areas to etaablish 
the equilibrium beach situation 

measurement of currents ond current systems in the noarshore 
zone 

measurement of the rates of movement of the beach sand along­
ahore in selected areas 

detailed etudiee of the rate of erosion in areas of severe 
erosion ae outlined in this study 
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location of any evaluation of offshore sand bodies. This 
should include surface. sampling, coring, and seismic surveys 
to determine potential volumes of available sand. 

continued studies of the characteristics (grain size, 
composition, construction properties, e.tc.) of both offshore 
and beach deposits. 

19. There should be consideration of legislation and grant 
procedures that would encourage the developing of offshore 
sand extraction. 

20. Control of dune, river, beach and very nearshore dredging 
and construction should be developed by new legislation or 
implementation of existing laws. Patterns for this can be
found in Florida, California, and other coastal states of
the United States. 



AC KNOWLEDGEMENT 

CONSULTANT JACK MORELOCK 

(All technical work, including preparation of 
text. photography and recommerdations) 

rield Assistance 
Beach Composition 
Sample cuts and discussion 

Report Preparntion 

Car lo& Carrera 
Kurt Crove 

James Trumbull 

Staff of' the Puerto Rico Coastal 
Zone Management Pro::iram 

45 




