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ABSTRACT

Seismic-refraction results and gravity data have been used to deduce the crustal structure from the
an hasin north of the Puerto Rieo trench to the Caribbean Sea. 1t is concluded that the Mohorovicié
iscontinuity (characterized by compressional-wave velocities of about 8 km/sec) lies at 9 km. below sea
level under the ocean basin, 12 km under the Caribbean Sea, at about 16 km under the trench, and at

slightly shallower depth under Puerto Rico. The large negative gravity anomaly is attributed to a great
thickness of sediments in the trench rather than to a *sialic root” due to a down-buckle of the crust under
the trench, as formerly thought.

Turbidity currents are assigned an important role in the accumulation of the sediments. Tt is suggested
that a trench formed in an unspecified way quickly colleets sediments, largely: by turbidity currents. When
granitized and uplifted the sediments form an island arc like the \West Indies. Contamination of hasaltie
lavas by the sediments can account for andesitic lavas, and the accompanying water, rather than being
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juvenile, is derived from sea water.
debris to the continental margins

The trenches at or near the continental margins confine continental
and collect oceanic debrs.

The basaltic crust and this debris arc first

formed into an island arc and later into a continental addition.
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INTRODUCTION

New seismic and coring evidence indicates
the need for a reconsideration of the gravity
minimum with the West Indian
island arc. Fwing (1932) and Vening Meinesz
(1954) have already written on some of the as-
pects of the now data.

associnted

The scismic data are far from complete, owing
largely to the failure to receive a shipment of
explosives. Tt is expected that additional obser-
vations will be made in the next vcar. The
present preliminary paper is offered to make
available in written form the verbal communi-
cation on which Vening JMeinesz (1934) has
based mmportant parts of his paper.
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FIGtrRE 1.—CHART OF

Se1sMmic RESULTS

Six seismic-refraction measurements were
made in the spring of 1931 in and near the
trench north of Puerto Rico. These together
with a measurement made by Hersey in 1949
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are shown in Figure 1 superimposed on the best
bathymetric chart available for publication,
H.O. 5487. The locations of the gravity stations
observed by Vening Meinesz and the U. S.
Coast undd Geodetic Survey arc also shown, A
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north-south line of profile trending true north
from San Juan, Puerto Rico has been chosen.
The various data have been transferred to the
line of section by moving them parallel to the
stiike of the topography. Figure 2A shows in
section the topography and the observed seismic
results. The observed sound velocities are indi-
cated bereath each station.

S.S.-11 80 km north of the trench shows typi-
cal ocean-basin structure—i.e., a 3 km-thick
layer of 7.17 km/sec above the Mohoroviéié dis-
continuity, overlain by a 1 km-thick layer of
sediments in ocean depths of 5 km (Officer e! al.,
1952, p. 801, 802; Ewing ¢t al., In press). S.5.-12
just north of the trench is similar, except the
profile was not extended far enough to detect
the Mohorovidi¢ discontinuity. Hersey’s re-
sults are, though fragmentary, essentiallv in
agreement with S.S.-12. Similarly the results
at S.5.-15 are in agreement, but they have not
been included because of the large lateral dis-
placement reqaired to bring them into the line
of section.

At stations S8.5.-13, S.5.-9, and S.S.-10 south
of the trench a layer of 5.5 to 6.0 kin/sec was
found under the sediments. The bottom of this
laver has a minimum depth of 9 km, and the
laver is quite comiparable in velocity to the
granitic layer under continents. The seismic data
of S.5.-6 in Mona Passage have not been in-
cluded here because of the obvious topographic
diffcrence from the line of section. The dieper
layers in Mona Passage are in good agreement
with S.S.-13. Seismic werk in the Virgin Islands
(Worzel and Ewing, 1048, p. 40) about 130 kin
to thie east of the present section shows consoli-
dated sediments (velocity 4.0 km/sec) of about
.43 km thickness overlving a layer of 5.6 km/sec
ncar the islands. The consolidated sedimentary
layer thickens greatly toward the trench. This
corresponds very well with the data near
Puerto Rico.

Preliminary calculations on seismic-refrac-
tion measuiciien{s in the Caribbecan indicate
typical ocean-basin structure, as outlined above.
Since the ocean-basin structure foun:d north of
the trench and in the Caribbean showed that
the sialic laver was missing and the simatic layer
was quite thin, making great difhcultics Jor
the accepted explanation of the gravity deficit
in terms of a crustal down-buckle, 1t was ax-
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pected that the trench would contain a great
thickness of sediments,

At all the stations located within the trench
—S.S.-7,S.5.-8 (shots 111 and 113), and S.S.-14
—the seismic measurements gave positive infor-
mation only for the unconsolidated sediments;
i.e. neither basement rocks nor consolidated or
semi-consolidlated sediments were detected.
There is no question about the proper operation
of the equipment since satisfactory results were
obtained with °t on days before, after, and in
between the scveral observations in the trench.
In more than 100 sea seismic stations, lavers
below the unconsolidated sediments have al-
ways been observed. On any interpretation of
these results it must be concluded that the un-
consolidated sediments are many kilometers
thick.

Inability to map basement rocks beneath a
thick sedimentary section by seismic-refraction
measurements is not an uncommon experience
on land or near the shore line. In such places,
semi-consolidated or consolidated sediments
were always found, and none were buried by
more than about t km of unconsolidated sedi-
ment. In general at deep-sea refraction stations
the entire sedimentary column (about 1 km)
is apparently unconsolidated, although evidence
on this point is inherently hard to obtain. It is
remarkable that no velocities greater than those
for unconsolidated sediments were observed in
he trench. The compaction commonly found
in a thick sedimentary column nas not oceurred
lore, perhaps because of very rapid accumula-
tion of the sediment or hecause of the depend-
ence of compaction on factors otlicr ihan mere
weight of overburden—e.g.,
ground water.

One estimate of the minimum 1hickness of un-
consolidated sediments can he made on the
assump'ion thai the explesive charge v as suffi-
ciently large to produce a readable signal, hut
the longer-shot distances were too short to per-
mit reception of the basement-refracted wave.
On this assumption the minimumn sediment
thickness is compnted to be about 12 km. An-
other estimate can be based on the assumption
that the groat thickness of sediments eauses
sufticient absorption of energy to make the re-
fracted wave too weak for observation. In erfect
this amounts o declaring that the longer shots

percoianion of
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of each profile must be excluded from the calcu-
Jation of minimum depth. For many reasons it
is impossible to make precise calculations cf the
absorption. A rough estimate may be made as
follows: For comparable conditions at a typical
deep-sea station the longest horizontal travel
for the refracted wave travelling in unconsoli-
dated sediments is 8-16 km. Assuming vertical
and horizontal absorption are approximately
equal, and that no other factors enter, the
minimum thickness of sediments in the trench
would be 4-8 km. Additional seismic-refraction
measurements in the trench are needed.

Barbados, which lies on a continuation of the
gravity minimum associated with the Puerto
Rico trench, was investigated in 1944 (Worzel
and Ewing, 1948, p. 48), and the basement rocks
were not detected. It was concluded that about
1 km of unconsolidated sediments and 1 km of
semiconsolidated sediments covered more than
3 km of consolidated sediments. This is consist-
ent with the idea that the sediments were laid
down under conditions now prevailing in the
Pucrto Rico trench.

TurBIiDITY CURRENTS

Ericson e ai. (1931; 1932) and Heczen and
Ewing (1932) have presented abundant evi-
denee of the widespread operation, in the late
Cenocvoic oceans, of turbidity currents capable
oi carryving sediments hundreds of miles. The
tvpes of evidence of turbidity currents pre-
sented are sands containing shallow-water spe-
cies ol Foraminifera interbedded with  oozes
of abyssal facies, graded bedding in the turbid-
itv-deposited lavers with sharp lower bound-
aries, high-carbonate gray  clavs repeatedly
alternating with red Jlavs in basins, particles of
shallow-water flora and fauna of Pleistocene
and Recent age found in the turbidity-deposited
Javers ar depths greater thau 2000 fathoms,
mineral and faural similarity of decp-sea sands
and contimental-shelf sedimeniz, and inaily the
dat tdoors of the deepest depressions being
formed of numerous sedimentary lavers ex-
hibiting many alternations of colors and sedi-
TITSE

The two cores (=1 Jeet tong) taken i ihe
ot plain on the bottom of the Puerto Rico
trench clearly show deposition of much of the

sediment by turbidity currents (Ericson et al.,
1952, p. 496-498, 509). These cores consist
largely of thick graded calcareous sands con-
taining shallow-water fauna and flora indicating
a very large contribution of sediment to this
trough from the surrounding shallow-water
areas. Red clays are interbedded with the cal-
careous sands. Three cores on the north wall of
the trench are normal deep-sea red clay through-
out. Two cores on the south wall are essentially
all clay, showing evidence of slumping. One is
Pleistocene, the other Miocene. All of these
cores are from depths so great that they would
be expected to be red clay throughout if the
deposition occurred in the absence of transpor-
tation along the bottom. Available bathymetric
data indicate that a continuous ridge caps the
north and east walls of the trench, cutting it
off from turbidity currents fromn the main ocean
basin. It is improbable that the barrier has
been cffective throughout the existence of the
trench. Hcence, if one grants the possibility of
turbidity currents from the main ocean basin
to the trench, it is reasonable to suppose that
much of the sedimentary column contains a
much smaller percentage of calcium carbonate
than that reached by the coring tubes.

Gravity RESULTS

Reconsideration of Vening Meinesz” (1934,
p. 117-133; 1648, p. 25-90) and Hess's (1933;
1938, p. 71-86; 1951) hyvpothesis of the sialic
crust down-buckling to form a local thickening
of the sialic crust (tectogene) is required because
of the seismic-refraction evidence that the sialic
crust is absent under the Atiantic Ocean and
under the Caribbean Sea. Vening Meinesz
required a cross section of 1200 km? for a tecto-
gene with a density conrast of 0.6 at the base
of a 253- or 30-km crust, o produce the observed
anomaly, corresponding to a crustal shortening
oi 30 or 40 km respectively, If the 3- to 5-km-
thick laver found by seismic-refraction methods
to overbiz the Mohorovicié chscontinuity and to
undderlie the sediments of the ocean floor was
the source ot the thickened seetion, the shorten-
ing required would be 250 to 300 km. The 1200
km? block calculated by Vening Meinesz was
for the Java-Chreistmas [sland profile where
the largest isostatic anomaly was —130 mgals,
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whereas the largest isostatic anomaly reported
by Vening Meinesz (1948, p. 230) for the trench
north of Puerto Rico was —226 mgals (the
largest negative anomaly reported to date).
Thus more than 500 km of shortening would

EWING AND WORZEL--STRUCTURE OF WEST INDIES

static anomalies, and the available Airy local
isostatic anomalies for a crustal thickness of 30
km. Utilizing either the Hayford or the Airy
theory, it is obvious that the trench is not in
isostatic equilibrium. In fact the Airy hypothe-

TABLE 1.—JsOSTATIC ANOMALIES IN THE PUERTO Rico AREa

w Free-aj Hayford Aury local
e A = A R~ R+
! (Meleta) (Mgals) (Mgals) (T = 30 km)
5-21 34 5569 ~13 -1
35 5340 +21 +31
36 7699 —264 —125
37 9 +129 —19
Vening Meinesz 67 5510 30 | 47 +7
68 8040 _341 | —103 —292
824 | 130 | -4 Po-n6 | -2
Elevations
| B
U. S. Coast & Geodetic Survey 1 l +38 +112 I —43) {
2 +648 | 4220 | 423 |
3 +14 +o1  —ag[ | Onland
4 ' +16 123 | —20 |

be 1equired to produce the anomaly. Hess (1933,
p. 31) prefers a crust with a density 0.3 less than
the mate:ial beneath. This figure Joubles the
required crustal shortening.

The location of the gravity stations in the
Puerto Rico area is shown in Figure 1. Vening
Meinesz first discovered the negative gravity
trough associated with this topographic trench
on his world-cirdling cruise of Hr. Ms. K-XI1I.
On the cruise of the S-21 he made additional
observations and again on Hr. Ms. 0 13. Heis-
kanen (1939, p. 98) has given the best values
for the S-21 data, while Vening Meinesz (1948,
p. 136, 230) has given the best values for the
other cruises. Ewing (1937) has shown that the
negative trough continues around the Wind-
ward Islands to Trinidad. None of the Barra-
cuda measurements are considered in our sec-
tion as all these values are too far to the east.
The U. S. Coast and Geodetic Survey has made
four gravity stations on Puertc Rico. Heiskanen
(1939, p. 92) also lists these stations. The only
isostaiic anomaly computed for all the various
stations is the Havford isostatic anomaly with
a depth of compensation of 113.7 km. Table
shows the various gravity stations, the water
depth, the free-air anomalies, the Hayford iso-

sis (T = 30 km) quickly leads to impossible
situations. If one uses the local Airy hypotheses
with T = 30 km, water density 1.03, crustal
density 2.67, and subcrustal density 3.27, one
finds that the subcrustal material lies at the
ccean floor for water depths of 8 km and above
the ocean floor for greater water depths. For
T = 20 km this dilemma arises at water depths
of 5.7 km, just slightly more than the mean
ocean depth. If a density differential of 0.3 is
chosen between the crustal density and the sub-
crustal density, these figures become 4.7 km for
T = 30 km and 3.2 km for T = 20 k. Re-
gional isostatic assumptions will not modify
this picture appreciably.

Since isostatic assumptions of density distri-
bution do not fit the data, we can discard the
isostatic anomalies and go back to the free-air
anomalies, trying other density distributions
to account ior the observed anomalies.

STRUCTURE DEDUCTED FROM SEISMIC AND
Graviiy Data

We have utilized the seismic evidence to
form most of our picture, choosing a density of
2.30 for the sediments. We have chosen this
density as about the best average for water-fiiled
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sediments (Birch et al., 1942, p. 19-26). Al-
though the sediments of the ocean bottom are
subjected to great hydrostatic pressure, it is
improbable that this causes compaction as a
load of overburden does (Hedberg, 1936). While
the thickness of overburden in the trench is suf-
ficient to effect compaction, this sediment was
probably collected so quickly that the compic-
tion process has had insufficient tim: to operate,
so that a density of 2.30 is probably a good
figure.

We have made our computations for rectan-
gular blocks extending to infinity in the direc-
tions parallel to the axis of the trench. This is
quite as good a computation as the quantity of
gravity data merits. We hope to obtain many
gravity observations on a profile across the
trench in the near future, and it would be more
appropriate to use more sophisticated compu-
tations at that time,

The scismic data does not provide the neces-
sary evidence for the thickness of the 5.5- to
6.0-km/sec layer near Puerto Rico, so we have
adjusted this thickness until the gravity data
matched fairly well. Likewise, we have neither
measured the thickness of the sediments in the
trough nor detected any underlying layers. We
have assumed a crustal thickness like that found
under the ocean north of the trench and have
adjusted the sedimentary thickness until we
obtained the best fit for the gravity data. Fig-
ure 2B shows the assumed structure and densi-
ties used in the computation of the best fit to
the gravity data. Figure 2C shows the observed
free-air anomalies plotted as points, and the re-
sults of our computation shown as a continuous
curve. It is obvious that the fit is quite satis-
factory.

It is interesting to note that a 6-km thickness
of sediments is required to fit the gravity data
for the trench and that the subsedimentary
layer near Puerto Rico must be 12 km thick.
If the sedimentary density were higher, the
thickness of sediments would have to be greater.
No unusual downbulge is required under the
trough to explain the gravity anomalies.

Figure 2D shows without vertical exaggera-
tion the structural section deduced from the
seismic and gravity data. The existence of the
basaltic (7.0-7.2 km/sec) layer under the
trench and under Puerto Rico is purely hypo-
thetical and is based on the notion that these

were formerly normal oceanic crusts. The bulk
of the material under Puerto Rico with a veloc-
ity of 5.5 to 6.0 km/sec is probably metamor-
phic rocks like those visible on the surface of
Puerto Rico.

The negative gravity anomaly belt may be
explained without demanding any significant
crustal shortening or lengthening (Fig. 2D).
Omitting the basaltic layer under the trench or
doubling its thickness there would give a section
that would not seriously contradict the seismic
data. Owing to the slight thickness of the basal-
tic layer in undisturbed ocean-bottom crust,
these limits of thickness would be consistent
with crustal deformation ranging from 100 km
of extension to an equally great shortening. In
other words the solution offered in Figure 2
imposes no demands for large relative horizontal
displacements of crustal segments. In fact it
indicates that study of the gravity anomalies
cannot be expected to give information about
such displacements. The existence of strong
belts of :icgative gravity anomalies near the
southern and western borders of the Caribbean
Sea (indicated by Vening Meinesz et al., (1934),
p. 156, 230 and Ewing (1937), but detailed in
our recent unpublished measurements) make it
very awkward to explain the large negative
gravity anomalies along the northern and east-
ern boundaries by large horizontal crustal dis-
placements,

Since seismic-refraction measurements per-
mit only a very slight thickness of low-density
crustal rocks cither north or south of Puerto
Rico, a thick prism of sediments scems to offer
the only possibility of explaining the observed
negative gravity anomalies.

We consider it of greatest importance to make
additional seismic and gravity measurements
in the West Indian area to obtain conclusions
based entirely on positive and abundant data.
It is obviously also important to obtain r:ismic-
refraction measurements in the Pacific trenches
—especially in the Marianas and the East In-
dies—to learn if the West Indian arc is tvpical.

HypoTHESIS ON 1HE ORIGIN OF THE ISLAND
ARC AND SoME CONSEQUENCES OF IT

The hypothesis is offered that the Puerto
Rico trench v:ith its 1apidly accumulating sedi-
ments represents a first stage in the develop-
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ment of a landmass like the Greater Antilles.
Without specifying the forces that cause the
deep depressions to form or the sources of heat
that elevate the temperature of magmas and
lavas in general, we point out that granitization
of a body of sediments like that now collecting
in the Puerto Rico trench assuming that the
bulk of the sediment is comparable to deep-sea
sediments in general—e.g., red clay, or like the
oceanic formation on Barbados) would produce
a mass of sialic rock that could be expected to
rise and form an island arc when the force which
caused the trench was relaxed. The Barbados
rise and the Lesser Antillean arc would then
represent intermediate stages.

Among the additional consequences of this
hypothesis may be mentioned the following:
(1) Andesitic lavas result from the contamina-
tion of basaltic-magmas, by the sediments dur-
ing the granitization of the sediments. (2) Most
of the water released by andesitic volcanoes is
not juvenile water, but merely the sea water
entrapped when the sediments were deposited.

IMPLICATIONS FOR CONTINENTAL GROWTH

The formation of trenches at or near the
edges of continents, the rapid filling of the
trenches by sediments, the alteration of the
sediments to sialic rocks, and the rise of these
rocks to form island chains provide a means for
confining continental debris to the proximity of
continents despite the action of turbidity cur-
rents. Such trenches at present almost com-
pletely ring the Pacific Ocean, probably reduc-
ing the role of turbidity-current deposition in
mid-ocean sedimentation far below that which
it plays in the Atlantic. Types of present-day
trenches range from extreme oceanic types such
as the Marianas to extreme continental types
such as the west coast of Central and South
America. Ali these types have probably existed
throughout much of geologic time and have
probably bordered nearly every coast

The total depth of deep-sea sediment is some-
what less than 1 km. Only by impounding most
of the continental debris near continental mar-
gins and by transfer of sediments from the ocean
basins to the continental margins can such a
small thickness be explained. The alternatives

are either an average rate of sedimentation less
than 1 mm per 500 years or a process of meta-
morphism of sediments at a depth of less than 1
km beneath the ocean floor.

A detailed consideration of the role of deep-
sea sediment in continental growth will be de-
ferred, but it is clear that the process we have
described for the West Indian arc would greatly
facilitate the growth of continents irom an
original crust of basaltic rocks as suggested by
A. C. Lawson (1932), Marshall Kay (1951), J.
Tuzo Wilson (1949), and others.

REFERENCES CITED

Birch, F., Schairer, J. F., and Spicer, H. C.
(Editors), 1942, Handbook of physical
g(z)r;stants: Geol. Soc. America Spec. Paper 36,

n.

Ericson, D. B., Ewing, Maurice, and Heezen, B. C,,
1951, Deep-sea sands and submarine canyons:
Geol. Soc. America Buli., v. 62, p. 961-965.

—— 1952, Turbidity currents and sediments in
North Atlantic: Am. Assoc. Petroleum
Geologists Bull,, v. 36, p. 489-511.

Ewing, Maurice, 1937, Gravity measurements on
the U.S.S. Barracuda: Am. Geophys. Union
Trans., 18th Ann. Mtg., p. 66-69.

—— 1952, Seismic investigations in great ocean
depths: Assoc. Oceanogr. Phys., Proces-
Verbaux no. 5, p. 135-146.

Ewing, Maurice, Sutton, G. H., and Officer, C. B,,
Jr., In press, Seismic refraction measurements
in the Atlantic Ocean. Part VI, Typicai deep
stations, North American Basin: Seismol.
Soc. America Bull.

Hedberg, Hoilis B., 1936, Gravitational compaction
cz)g;:lays and shales: Am. Jour. Sci,, v. 31, p. 241-

Heezen, B. C., and Ewing, Maurice, 1952, Turbidity
currents and submarine slumps, and the 1929
Grand Banks earthquake: Am. Jour. Sci., v.
250, p. 849-873.

Heiskanen, W., 1939, Catalogue of the isostatically
reduced gravity stations: Isostatic Inst. of
}g;ernat. Assoc. of Geodesy Pubs., no. §,

').

Hess, H. H., 1933, Interpretation of geological and
geophysical observations in Navy Princeton
Gravity Ezxpedition to the West Indies in
1932: U. S. Hydrog. Office, p. 26-38.

—— 1938, Gravity anomalies and island arc
structure with particular reference to the West
Indies: Am. Philos. Soc. Proc., v. 79, no. 1, p.
71-96.

—— 1951, Coniment on mountain building: Am.
?Seophys. Union Trans., v. 32, no. 4, p. 528-

i

Kay, Marshall, 1951, North American geosynclir.es:
Geol. Soc. America Mem. 48, 143 p.

Lawson, A. C., 1932, Insular arcs, foredeeps, and
geosynclinal seas of the Asiatic coast: Geol.
Soc. America Bull,, v. 43, p. 353-381.

Ofhcer, C. B., Ewing, Maurice, and Wuensche!,



REFERENCES CITED

P. C., 1952, Seismic refraction measurements
in the Atlantic Qcean. Part IV: Bermuda,
Bermuda Rise, and Nares Basin: Geol. Soc.
America Bull, v. 63, p. 777-80%.

Vening Meinesz, F. A., 1948, Gravity expeditions
at sea 1923-1938: Delftsche Uitgevers Maat-
schappil-Delft, v. 1V, 233 p.

——1954, Indonesian Archipelago, a geophysical
study: Geol. Soc. America Bull,, v. 65, p. 143~
164. '

Vening Meinesz, F. A., Umbgrove, J. H. F., and
Kuenen, Ph.H., 1934, Gravity expeditions at
seca 1923-1932: N. V. Tech. Boekhandel en
Brukkerij J. Waltman Jr. Delft, v. II, 208 p.

Wilson, J. Tuzo, 1949, Origin of continents and

173

Precambrian history: Royal Soc. Canada
Trans., 3d ser., vol. 43, sec. 4, p. 157--184,
Worzel, J. L., and Ewing, Maurice, 1948, Explesion

sounds in whallow water, in Worzel, J. L.,
Ewing, Maurice, and Pekeris, C. L., Propaga-
tion of sound in the ocean: Geol. Soc. Ameriza

Mem. 27, p. 1-53.

LAMONT GFOLOGICAL OBSERVATORY (COLUMBIA
UNIVERSITY), PALISADES, N. Y.

MANUSCRIPT RECEIVED BY THE SECRETARY OF THE
SociETY, JANUARY 12, 1953

LAMONT GEOLOGICAL OBSERVATORY CONTRIBUTICN
No. 99



A

VOL. 85, PP. 196-200, 2 FIGS.

¢ 2363

From new seismic data and the gravity
anomalies, the structure section north of Puerto
Rico was deduced by Ewing and Worzel (1954,
. 166). The data were very sparse, and the
ructure section derived was therefore quite
general. It was possible however to show that a
large downward deflection of the crust into a
tectogene did not occur, but that the large
negative gravity anomaly was due to a small
downward deflection of the crust (about 7 kin)
and a large accumulation of sediments. It was
suggested that this is the first stage in the
formation of an island arc.

According to this suggestion an island such
as Puerto Rico was formed as foliows: a trench
formed, filled rapidily with sediments swept
from ocean arcas and from near-by island arcs
or land largely through the action of turbidity
currents, the sediments were granitized, and
the basaltic layer beneath the trench was con-
taminated producing andesitic lavas (the water
accompanying the andesitic volcanic activity
being derived from sea water associated with
the sediments). This process implies that
trenches, which hebitually form in  oceanic
crust near the edges of continents, upon relaxa-
tion or reversal of the force responsible for the
trench, collect most of the continental and
oceanic debris forming an island arc. The
area between island arc and
eventually added to the continent.

In the spring of 1953 measurements on board
USS Diasro (55479) added 44 new gravity
stations to a profile extending from about 200
miles due north to 200 miles due south of San
Juan, Puerto Rico. Figure 1 shows the location
of these stations as well as the locations of the
gravity stations and seismic stations used in
the earlier work. The Columbia University
Frost type geodletic gravimeter was taken along,
and one observer was put ashore on Puerto
Kice to make additional land mecasurements.
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Four hundred new gravity stations were made
in a network covering the whole island of Puerto
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Rico. These data are scon to be reported by
Mr. Lynn Shurbet.

Figure 2A shows the known scismic and topo-
graphic data along the line of profile. Figure
2B shows the layers and densities from which a
computed gravity curve was obtained. Figure
2C shows the gravity data and the computed
curves. The solid dots are the gravity data
used in Part I. The open circles show the free-
air anomalies at the new gravity-at-sea sta-
tions. The dotted curve over the island of
Puerto Rico shows the medified Bouguer
anomalies along the tine of profile. The double
dash-and-dot curve over the island of Puerto
Rico shows the average modified Bouguer
anomalies of five profiles across the island of
Puerto Rico made available by Mr. Shurbet
prior to publication. The solid line is the
anomaly curve computed from the mass dis-
tribution used in Part 1. The dashed curve
shows the anomaly curve computed for the
mass distribution shown in Figure 2B, on the
assumption that measurements are made at
sea level. This computed anonaly curve quite
satisfactorily fits the free-air anomalies for seca
stations and the modified Bouguer anomalies
for land stations. The oscillations in the com-
puted curve would be smoothed out if the com-
puiations were made for the blocks having in-
clined boundlaries instead of the rectangular
forms used here. 1n this form the computations
would have been more laborious and would
have added little to the picture.

Figure 2D shows the section derived from
the scismic and the gravity data without ver-
tical exaggeration. The section to the north of
San Juanr is changed from our previous work by
the addition of more detail, which is now justi-
fied by the additional data. South of Puerto
Rico the new gravity minimum of almost — 1(Q
milligals is accounted for by a slight downward
deflection of the crust and a thick column of
sediments. Because of lack of time, the gravity
observations a* sea could not be continued in
close to the south shore of Puerto Rico.
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I'his more detailed and extended profile
confirms all of the interpretations and conclu-
sions made 1n our previous report and requires
no modifications of the hypothesis and the
implications introduced there.

Thanks are due Mr. Lynn Shurbet and Mr.
Hugh Traphagen who made all the new gravity
observations. Mrs. Elizabeth S. Skinner did
most of the calculations for the gravity-at-sea
data, and Mr. Lynn Shurbet did all the calcula-
tions of the land gravity measurements. Miss
Annette Trefzer did the drafting.

To the officers and men of USS DiaBLo we
wish to express our appreciation for their
interest and assistance in making the gravity
observations at sea.

Professor Raoul C. Mitchell and Don Luis
Stefani oi the University of Puerto Rico
provided much valuable advice and assistance

WORZLEL AND EWING—WEST INDIES, PART II

in the couise of the measurements on Puerto
Rico.

Transportation was generously provided by
Dr. R. Fernandez Garcia, Director, Industrial
Research Department, Economic Development
Administration of the Commonwealth of
Puerto Rico.

Dr. Raymond J. Smith of the United States
Geological Survey provided much assistance.

Most of this work was carried out under
contract N6 onr 271 with the office of Naval
Research of the Departinent of the Navy.
Financial assistance for the land gravity work
was made available by the University of Puerio
Rico.

LaMoNT GEoOLOGICAL OBSERVATORY (COLUMBIA
UNIVERSITY), PaLisapes, N. Y
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