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WINDMAR RENEWABLE ENERGY
PO Box 192261

San Juan, Puerto Rico. 00919

C/o: Eng. Carlos Lazaro
carlosalazaro57@ gmail.com
goguie6{@ gmail.com

Attention:  Mr. Victor Gonzilez

Reference:  Results of Geologic Mapping and Reconnaissance at Flamenco,
Culebra Island, Puerto Rico

P INTRODUCTION

This report presents the finding of a geological reconnaissance visit to the site selected

for the construction of four wind turbines in Flamenco. in the Island of Culebra. Puerto

Rico. The site is located at the top of a hill in the northern section of the island. The site
and topographic plans are shown in Figures 1 and 2.

Figure 1. USGS Topographic Map, Culebra Quadrangle.
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FIGURE 2. Site plan.
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» GENERAL GEOLOGY OF CULEBRA ISLAND
There are no USGS published geologic map quadrangles for the island of Culebra.

however there are several publications which give a general description of the geologic
tormations of the island.

According to the USGS “Preliminary Tectonic Map of the Easter Antilles Region™
(USGS Map [-732, 1972); the site should be underlaid largely by granodiorite and quartz
porphyry. gabbro, and some amphibolite. These formations are believed to have been
emplaced during late Cretaceous, Paleocene & Focene.

Another USGS publication referenced is “Atlas of Ground-water Resources in Puerto
Rico and the U.S. Virgin Islands” (U.S. GEOLOGICAL SURVEY. Water-Resources
Investigations Report 94-4198). Based on this source. the rocks of Isla de Culebra are
primarily volcanic and plutonic rocks of Late Cretaceous age. Andesite lava, lava breccia,
and tuffs are the dominant voleanic rocks. These rocks were intruded by diorite and
diorite porphyry. These plutonic type rocks crop out in the north-central part of the
island. Earth movements have fractured these rocks and formed in a joint pattern. Some
faulting 1s also present, with major faulting aligned in a northwest-southeast direction.
Alluvium, predominately composed of silt and clay with minor quantities of sand and
gravel. was subsequently deposited in the few existing river valleys near the coast. On
the coast. alluvium interfingers with coral. beach. and mangrove deposits. Alluvium is
also found in the high valley of east-central Isla de Culebra,

The geologic map for this publication is presented in Figure 3.
The USDA Soil Conservation Service also classifies the soils of the area in the

publication “Seil Survey of Humacao Area of Eastern Puerto Rico” (1977). In ths
publication. a single soil type is identified:

Rock Land

Rock Land (Rs) consists of areas where rock crops out on 50-70 percent of the surface.
Loose stones also are common on the surface. Very shallow soil material lies between

outcrops and stones. This land type is in the mountainous part of the survey area. Slopes
are 60 to 70 percent. The vegetation is brush.

Rock land has little value for farming.

The USDA soil classification service map 1s shown in Figure 4.
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FIGURE 3. General geology of Culebra Island. (from “Atlas of Ground-water Resources in
Puerto Rico and the U.S. Virgin Islands” (U.S. GEOLOGICAL SURVEY. Water-Resources
Investigations Report 94-4198).
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FIGURE 4. USDA Soil survey classification map of Culebra. Form:“Soil Survev of
Humacao Area of Fastern Puerto Rico” (1977).
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»SITE GEOLOGY

Based on actual geologic reconnaissance. the geology of the site is mainly composed of
large plutonic granodiorite-diorite peaks and loose boulders (Figures 5 and 7), mostly
unweathered, but some showing spheroidal weathering. Spheroidal weathering s caused
when a plutonic body of rock is exposed to the surface, and no longer subject to the high
confining pressure of being underground. This change in pressure and temperature causes
the rock to break in round shapes, as the quartz crystals in the rock expand and the less
resistant plagioclase minerals are exposed to weathering (Figure 8). Most of the loose
boulders on the site might have been moved during the construction of the access road.
Surficial soils encountered during the visit are residual. yellowish brown sandy soils, and
it is expected that these soils are shallow, and that the bedrock is close to the surface.
(Figure 9).

Colluvium deposits to the eastern and western faces of the mountain are composed of
small to large. loose fractured boulders in a silty sand matrix (Figure 10). But these
particular areas appear to be beyond the project boundaries.

The observed rock and soil formations are in accordance to the cited publications in this
report. A general geologic map of the site can be found in F igure 11.

FIGURE 5. Diorite peaks
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