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QUATERNARY SYSTEM 13

Sand grains in the terrace deposits are chiefly
coarse subround and round fragments of coral,
coralline algae, and other marine organisms, but
medium and coarse subround and round volcanic-
rock fragments are also fairly abundant. The cal-
careous fragments are very light gray and yellowish
gray. Most voleanic rock fragments are moderately
weathered and are yellowish brown.

Subangular to subround boulders, cobbles, and
pebbles of volecanic rock are the principal large
constituents, but there also are large coral heads
and coral fragments (fig. 12). At a few places,
blocks of volecanic rock are as large as 2 m in di-
ameter. In one such place only a few centimeters
separate a block from its preerosion position.

This marine terrace was first recognized by
Lobeck (1922, p. 367-368), who believed that its
upper surface sloped seaward continuously from
6 m down to and below sea level. Hubbard (19283,
p. 97) considered the terrace, which he referred
to the “Upper Desecheo Stage,” to be in the range
of 6-7.5 m. Both early estimates of elevation are
appreciably less than the highest elevation, 12 m,
of the upper terrace surface measured in this study.

Deposits at about 2-meter elevation

In a few places between the helicopter pad and
Puerto Manglillo, beachrock (calcite-cemented beach
sand) adheres to bedrock at elevations of about 2 m
above sea level. The presence of beachrock, because
it forms beneath the surface of beaches from about
the low-tide mark to the normal limit of wave up-
rush, demonstrates that beaches once formed at
these places; thus, at one time, sea level stood
slightly higher than the present stand. These ter-
race remnants are too small to show at the scale
of the geologic map (fig. 1).

The significance of the Isla Desecheo terrace de-
posits, evidence for sea stands higher than the
present stand, regional relations, and possible ages
are discussed in a following section.

COLLUVIUM

Poorly sorted colluvium forms a thin scree over
most of the slopes of Isla Desecheo; thicker de-
posits are at the bases of slopes and in the valleys
leading inland from the coast. These deposits are
shown on the geologic map (fig. 1) only where they
are believed to be 1 m or more thick.

The colluvium is composed largely of angular and
subangular volcanic rock fragments that range in
size from small pebbles to boulders and are set in
a moderately abundant matrix of finer volecanic
grains ranging from fine sand down to silt and clay.

Locally, the larger fragments are texturally intact
and the matrix is sparse. Most colluvium is the re-
sult of natural fragmentation and mass movement.
However, for many years the island was a practice
target for naval and aerial bombardment, evidence
of which can be found in the form of metal frag-
ments and, occasionally, unexploded ordnance. Bed-
rock at some places was extensively fragmented
and pulverized by explosions, most notably along
the northwest-trending part of the central highland
between elevations of 143 and 206 m (fig. 1). The
amount of colluvial cover due to target practice is
not known.

The colluvium within a few centimeters of the
surface commonly is loose or friable, but below this
zone it may be moderately to densely cemented. The
cement apparently is largely phosphatic ; a yellowish-
brown specimen of rather fine densely cemented
colluvium collected from a 1.5-m-high cut at the
south edge of the helicopter pad yielded the analysis
shown in table 1. No definitive mineralogical study
was done on this sample but, on the basis of a com-
parison of refractive indices, Virginia S. McIntyre
(oral commun., 1968) suggested that some volcanic
ash and a zeolite mineral may be present.

TABLE 1. — Chemical analysis and molecular norm of cemented-
colluvium sample from cut at south edge of helicopter pad,
Isla Desecheo

[Percentage: rapid-rock analysis W167676 by P. Elmore, H. Smith, L. Artis,
S. Botts, and J. Glenn, U.S. Geological Survey]

Chemical analysis

Oxide; cation Percent

Si02;
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Fe203;
FeO;

Molecular norm
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Study of the cation percentages in table 1 re-
veals that the phosphorus-calcium ratio is too high
for the standard normative “apatite.” The last sec-
tion of table 1, therefore, contains a speculative
molecular norm based on minerals known to be in
rocks from similar geological environments in the
Caribbean area (Altschuler, in Kaye, 1959b, p. 157—
162; Kaye, 1959b, p. 162-164; Palache and others,
1951, p. 660661, 684686, 704-705, 756-760, 878-
887). In this norm, brushite [CaHPO,:2H,0] may
include monetite [CaHPO,], and hydroxylapa-
tite [Ca; (PO.);0H] may include whitlockite
[Cas(PO,):]. The other unusual normative min-
erals are variscite [AIPO, - 2H.0] and boehmite
[Al:O;-H.0], the latter having been réported in
surficial deposits in Puerto Rico by Hildebrand
(1960).

In calculating this norm, half the calcium re-
maining after the calcite calculations was assumed
to be contained in hydroxylapatite and the other
half, in brushite. Phosphorus remaining after the
brushite and hydroxylapatite calculations was as-
sumed to be in variscite. The remainder of the norm
calculation was essentially standard, varying chiefly
in the substitution of boehmite for corundum.

The chief value of this speculative norm is that
it shows that the sample analyzed contained on the
order of 15 percent phosphate minerals and about
15 percent oxides of aluminum and iron, for the
most part probably hydrous, considering the rela-
tively high percentage of combined water. Other
combinations of the possible minerals yield similar
or higher grouped percentages. The remainder of
the norm tends to confirm the dacitic character of
the volcanic rock from which the colluvium was
derived.

Hubbard (1923, p. 100-111) stated that bird
guano was the chief cementing agent in the marine-
terrace deposits. In this he was mistaken, for this
investigation shows that the terrace cement is
largely calcite. We conclude on the basis of the
colluvium analysis in table 1 that the sample that
led Hubbard to his conclusion came rather from
the cemented phosphatic colluvium, the cement in
which may have been derived from the bird guano,
as he suggested.

At the heads of Puerto Canoas and Puerto de
los Botes and at many places along the northwest
and northeast coasts, colluvium rests on the higher
marine terrace (fig. 10). Small ravines cut in the
colluvium reveal crude stratification; beds about 0.5
m thick dip seaward at angles as great as 25° and
terminate abruptly against the much less steeply dip-
ping marine terrace. Nowhere was the colluvium seen

to interfinger with the terrace deposits, and no-
where were terrace deposits seen resting on col-
luvium. Most, perhaps all, colluvium is therefore
younger than the higher marine terrace. Perhaps
preterrace colluvium was largely removed or re-
worked by the sea at the time of deposition of the
terrace deposits, or perhaps a wetter climate pre-
vailed prior to the deposition of the high terrace,
promoting much denser vegetation than now occurs
and thus inhibiting downslope mass movement.

The thickest colluvium exposed in a vertical cut
is about 3 m. However, just northeast of Puerto
Manglillo, a large mass of colluvium rests on the
upper surface of the higher marine terrace, which
is there about 6.5 m in elevation. If the seaward-
sloping bedrock surface uphill from the colluvium
is projected beneath the colluvium and the surface
of the marine terrace is projected landward be-
neath the colluvium at a positive angle of 5°, the
surfaces intersect along a line about 15 m below
the present upper surface of the colluvium. The
colluvium, therefore, may be as much as 15 m thick
in this area, and it may approach this thickness
elsewhere as well (fig. 10). B

BEACH DEPOSITS

Beach deposits of waterworn sand and gravel
are few; the largest are at the heads of coves and
reentrants (fig. 10). Elsewhere, waterworn sand
and gravel are only in scattered small patches. Only
the larger beach deposits are shown on the geologic
map (fig. 1).

The larger beach deposits are composed of medium
and coarse sand consisting largely of volcanic rock
and caleium carbonate fragments. The carbonate
fraction is composed principally of first-cycle organic
remains, but probably also includes reworked frag-
ments from caved parts of the marine terraces. Peb-
bles and cobbles are minor constituents. In smaller
patches of sand, pebbles and cobbles are abundant,
and calcium carbonate grains are fairly rare.

At Puerto Manglillo, exposed beachrock is sur-
rounded by uncemented sand of similar composition.
This beachrock is believed related to the present
beach and present sea level, unlike the somewhat
higher nearby beachrock outcrops referred to earlier.
This is the only exposure of recent beachrock seen
on Isla Desecheo.

The sparseness of recent beach deposits on Isla
Desecheo probably is due chiefly to the presence of
deep water that is fairly close to shore all around
the island and to the fine particle size of most of
the materials available to form beaches. The island
is surrounded by waters more than 20 fathoms
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this stand of the sea took place in the Pleistocene
Epoch, in a Wisconsin interstade or perhaps in the
latter part of the Sangamon Interglaciation.

Probably the strongest evidence for the age of
this 2-m stand is the carbon-14 age determination
made on a sample of carbonized wood collected by
Briggs from a swamp deposit in north-central
Puerto Rico (71,090 m N.; 142,242 m E.; Puerto
Rico coordinate system). The relations of this de-
posit to the present shoreline and sea level indicate
that the swamp originated as a coastal lagoon dur-
ing a sea-level stand about 2 m higher than the
present. The age reported was 3,300 = 300 years
before the present (USGS lab. No. W-1036), thus
Holocene.

Kaye (1959a, p. 131-135) and, for the most part,
Williams (1965, p. 162-163) ascribed the terraces
to the advance and retreat of the sea due to glacia-
tion. However, Williams (p. 171-175) considered
the 2-m stand to have been caused by tectonic
elevation of the land which was accompanied by
tilting, the uplift being greater to the west than
to the east. We concur with Williams that the 2-m
terrace results from tectonic uplift, for the reason
given in the following paragraph, but the concept
of west-to-east tilting we consider unproven. Briggs
has seen raised beachrock, fossiliferous terrace de-
posits, and other features at elevations commensu-
rate with a stand at about 2 m in the Fajardo area
of extreme eastern Puerto Rico, along the central
and western north coast of Puerto Rico, and on Isla
Desecheo. Therefore, it appears that any regional
tilting from west to east after the 2-m stillstand
cannot have exceeded 1 m in the 200-km distance
that separates Isla Desecheo from extreme eastern
Puerto Rico.

The evidence for the 3,300-year age of the 2-m
stand of the sea appears to conflict with the con-
sensus of most investigators of late Quaternary sea
levels that about 3,300 years ago, sea level stood
about 2 m lower, not higher, than it does at present
(Curray and others, 1970, p. 1878, fig. 6). Thus, if
the age assigned to the 2-m stand in Puerto Rico
is correct, about 4 m of tectonic uplift in the past
3,300 years is indicated for northern Puerto Rico
and Isla Descheo. This conclusion appears reason-
able in the light of the present seismicity of the
region (Sykes and Ewing, 1965).

Holocene tectonic activity also would have had an
effect upon the present levels of other terraces. If
the elevation of the terrace of the lower Desecheo
stillstand is controlled tectonically, then it follows

that the upper Desecheo stillstand level, and other
earlier terrace levels in this area, no longer can be
considered as having been controlled solely by
glacioeustatic rises and falls of sea level.
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