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ABSTRACT

An aeroradioactivity survey of Puerto Rico was made in 1961 "by 
the U* S. Geological Survey on behalf of the Division of Biology and 
Medicine, U* S. Atomic Energy Commission. The survey was made with 
scintillation-detection equipment installed in a twin-engine aircraft. 
The island was traversed on east-west flight lines spaced approximate 
ly one mile apart, and the aircraft maintained an altitude of 500 ft 
above ground. The radioactivity data were corrected for deviations 
from the surveying altitude and a cosmic component was subtracted,

A l:240,000-scale map shows the natural gamma radioactivity of 
Puerto Rico, and a smaller-scale map shows the generalized geology. 
The radioactivity ranges between 50 and 800 cps (counts per second), 
and more than three-fourths of the island is 300 cps or less.

Radioactivity of most of the central part of the island is 200 to 
300 cps, and an area several miles wide that extends southeastward for 
twenty-five miles from San Sebastian is 300 to 800 cps. Radioactivity 
of the outer margins of the island is mostly 100 to 200 cps, with 
small areas of considerably higher radioactivity.

The generalized geologic map of Puerto Rico shows fourteen 
geologic units, and the geology and radioactivity of each unit is 
discussed briefly. The central mountainous portion of Puerto Rico 
consists principally of siltstone, sandstone, conglomerate, tuff, 
volcanic breccia, and flows of Cretaceous and Tertiary age. Worth and 
south of the central mountainous area the rocks of the foothills and 
coastal plain consist principally of limestone, marl, sandstone, and 
clay of Tertiary age, and of younger deposits of sand, gravel, clay, 
and silt. Most of these units have a radioactivity of only a few 
hundred cps, but some areas of limestone are as high as 800 cps.

The Utuado pluton in west-central Puerto Rico has a central core 
of granodiorite and a margin of quartz diorite. The granodiorite has 
a radioactivity high of 300 to 600 cps that contrasts with the 200 to 
300 cps of the quartz diorite and surrounding host rocks. The San 
Lorenzo batholith contains granodiorite with radioactivity of 200 to 
kOO cps that contrasts with the 100 to 200 cps of the surrounding 
rocks. The southwestern part of the batholith is 100 to 200 cps and 
cannot be distinguished from the surrounding lavas, tuffs, and 
tuffaceous breccias by radioactivity. An area of 50 to 100 cps in 
southwest Puerto Rico correlates with a body of serpentinite.
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AERORADIOACTIVITY SURVEY AND 
GEOLOGY OF PUERTO RICO (ARMS-l)

1. INTRODUCTION

1.1 Purpose and Scope of Survey

An aeroradioactivity survey of the island of Puerto Rico was 
made "by the U. S* Geological Survey on behalf of the Division of 
Biology and Medicine, U* S. Atomic Energy Commission. The survey 
was flown "between Nov. 12 and Dec. 3j 19&1, as part of the Aerial 
Radiological Measurement Surveys (ARMS-I) program.

The purpose of the ARMS-I program is to obtain data on the 
natural gamma radioactivity for areas in and adjacent to nuclear 
facilities* These data provide information which can be used to 
detect any future variations in radioactivity which might result 
from nuclear testing, reactor or other Atomic Energy Commission 
operations, or radioactivity accidents. Nuclear facilities on the 
island are located at Punta Higuero and Mayaguez (PI. l).

In many areas aeroradioactivity data are useful in geologic 
interpretation and mapping; however, the usefulness of the radio 
activity data varies widely and depends not only upon the geologic 
conditions, but also upon the flight pattern. A generalized correla 
tion between the geology and the aeroradioactivity of Puerto Rico 
has been published by the Geological Survey!.

1.2 Airborne Surveying Procedure

The survey was made with scintillation-detection equipment 
installed in a twin-engine aircraft. The island was traversed by 
approximately parallel east-west flight lines spaced 1 mile apart. 
These lines are parallel to the general geologic strike of the island. 
Normally it is preferable to fly perpendicular to the geologic strike 
of an area, but the rugged terrain precluded surveying along north- 
south lines in Puerto Rico. The aircraft maintained an approximate 
altitude of 500 ft above the ground and an average air speed of 150 
mph. Topographic maps were used for pilot guidance. The flight path 
of the aircraft was recorded by a gyrostabilized continuous-strip- 
film camera, and the distance of the aircraft above the ground was 
measured by a continuously recording radar altimeter. Fiducial
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markings, which provide a common reference for the radioactivity and 
altimeter data and the strip-film, were made with an electromechanical 
edgemark system operated by the flight observer whenever the aircraft 
passed ovei* recognizable features on the ground.

1.3 Scintillation Detection Equipment

The gamma radiation equipment used by the Geological Survey was 
designed by the Health Physics Division of the Oak Ridge National 
Laboratory and has been described in detail by Davis and Reinhardt2>3. 
They describe the sensitivity of the equipment in several ways, one 
being that "the count rate for a dose rate of one microroentgen per 
hour [jor/hr] due to radium gamma rays is 225 cps (counts per second)" 
(Ref, 2, p. TIT). For simulated sources, they state that "The count 
rates at 500 ft equivalent to a ground reading of 1 jur/hr for Csl37 
and Co 0 plane sources are 25 and 18 counts/sec, respectively" (Ref. 3* 
p. 239)* Kermit Larsen^" determined that a count rate of about 77^000 
cps would be recorded by the Geological Survey equipment 500 ft above 
an infinite area of fallout that produced a gross gamma-ray flux of 
1 milliroentgen per hour (mr/hr) at 3 ft above the ground.

A diagram of the airborne radioactivity survey equipment is shown 
in Figure 1. The detecting element consists of six thallium-activated

NoKTI} 
CRYSTALS

AND
PHOTOMULTIPLIER 

TUBES

Fig. 1—Diagram of airborne radioactivity survey equipment.

sodium iodide crystals^ k- in. in diameter and 2 in. thick, each with a 
photomultiplier tube and connected in parallel. The signal from the 
detecting element is fed through amplification stages to a pulse-height 
discriminator that is set to accept only pulses originating from gamma 
radiation with incident energies greater than 50 thousand electron 
volts (kev). A 1-second time constant is normally used. The signal 
from the discriminator is fed to two rate meters. One rate meter feeds 
a circuit that records total (uncompensated) count rate on a graphic 
milliammeter. The signal from the other rate meter is recorded by a
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circuit that includes a variable resistance controlled by the radar 
altimeter servomechanism that approximately compensates the circuit 
for deviations from the 500-ft surveying altitude.

The crystals are shielded on the sides by ^ in. of lead to 
elimate the influence of radium-dial instruments in the aircraft.

At an elevation of 500 ft the effective area of response is about 
1000 ft in diameter, and the radioactivity recorded is assumed to be 
an average of the radioactivity received within the £rea. Theoretical 
aspects of the area of response are discussed by Sakakura^*

The area of response of the radar altimeter is smaller than the 
effective area of response of the scintillation detecting equipment, 
and there may be overcompensation above narrow valleys and ridges. 
Nevertheless, the corrections for altitude deviations during the 
Puerto Rico survey were within the limits of accuracy required, and 
meaningful radioactivity measurements were obtained over rough 
terrain. The compensated radioactivity records obtained above the 
rugged, mountainous areas of Puerto Rico showed fluctuations of 100 
cps within short distances along the flight lines. Those rapid 
fluctuations were probably caused by imperfections in the radar 
altimeter corrections, rather than by variations in the radioactivity 
of the rocks beneath the aircraft. The average value in cps of short 
segments of flight lines usually is a good measure of the true 
radioactivity of the surface material.

lA Compilation of Aeroradioactivity Data

Flight-line locations from the film strip were plotted on topo 
graphic maps. The compensated radioactivity profiles were examined, 
and the radioactivity breaks (changes in level of radioactivity) and 
the values to the nearest 50 cps were marked on the profiles. Several 
profiles were examined simultaneously to correlate the breaks from 
line to line. The location of the breaks, the radioactivity values 
along the flight lines, and the radioactivity correlations between 
lines were plotted on transparent overlays of the topographic maps. 
The overlays were reduced photographically, and the major radioactivity 
breaks were transferred to the Geological Survey l:2^0,000-scale 
topographic map of Puerto Rico. The range of radioactivity shown for 
each unit (PI. l) includes most, but not 100 percent, of the values 
recorded. Within some units there is a slight difference in the 
radioactivity from one part of the unit to the other. In such cases, 
the differences are indicated by the values on Plate 1.

1.5 Theoretical Considerations of Gamma-ray Surveying

The gamma-ray flux at 500 ft above the ground has three 
principal sources: cosmic radiation, radionuclides in the air, and 
radionuclides in the surface layer of the ground. These sources are 
discussed by Gregory^ and MoxhamTj8,9.

In all AEMS-I surveys the altitude-compensated radioactivity 
circuit has had a specific number of cps subtracted in order to 
negate the effects of cosmic background. The usual method is to 
measure two or more times daily the cosmic background at 2000 ft
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above ground where gamma radiation from the ground is negligible. 
The cosmic correction for the surveying altitude of 500 ft is 
slightly less than the measured cosmic background at 2000 ft because 
the cosmic rays have to travel through an additional 1500 ft of air. 
In the Puerto Rico survey the cosmic background at 2000 ft was 
measured daily, but a more direct method of determining the cosmic 
correction was used. As water has essentially no radioactivity, and 
as each flight line started and ended over water, the cosmic back 
ground at 500 ft (the surveying altitude) was measured directly over 
water.

The cosmic variation during the Puerto Rico survey vas slight. 
Seventeen measurements of the 'cosmic background at 500 ft above water 
ranged from 370 to k-hO cps, and excluding two measurements of Nov. 21, 
196l, the range was from 370 to kOO cps. Although there was a check 
on the cosmic background at the beginning of every flight line at 
500 ft over water, the background at 2000 ft above ground was 
recorded only at the beginning and end of each day ! s surveying, or 
if an appreciable change in cosmic background was believed to have 
occurred. Ten measurements of the cosmic background at 2000 ft were 
made. Seven were 390 cps, two were 380 cps, and one was U20 cps. The 
consistency of the cosmic measurements at both elevations indicates 
that the radioactivity values of Plate 1 were not affected by abnormal 
fluctuations of cosmic energy.

The cosmic measurements, either at 2000 ft above land or at 500 
ft above water, include a component caused by radionuclides in the 
air. Possible effects are difficult to evaluate but apparently are 
negligible most of the time. The amount of radon in the atmosphere 
varies greatly, depending upon the composition of the surface material 
and upon atmospheric conditions, but the effects are minimized if 
surveys are not flown during periods of atmospheric inversion or 
during or immediately after storms. Airborne debris from atomic 
testing could greatly affect airborne radioactivity surveys, but the 
low measurements and the consistency of the Puerto Rico data are 
evidence that such debris did not affect the results of this survey.

The compensated aeroradioactivity values are primarily a measure 
of the gamma radiation from natural radionuclides within the upper few 
inches of surface material beneath the aircraft. Data from periodic 
surveys by the Geological Survey in several states indicate that 
fallout is a negligible part of the present-day background radioactivity 
in the United States^-0^ and there is no indication that fallout 
affected the Puerto Rico survey.

The distribution and the quantity of natural radioactive elements 
in the surface material are determined by the radioactive elements in 
the parent rocks and by changes brought about by soil-forming processes, 
both organic and inorganic. A fundamental consideration in studying 
the radioactivity of soil is whether it is a residual soil, formed 
by weathering of rocks in situ, or whether the soil has been trans 
ported, in which case it may have been derived from rocks different 
from the underlying bedrock.

Although there are other naturally occurring radioactive elements, 
only uranium, thorium, potassium, and their decay products are 
significant to aeroradioactivity surveys. The importance of uranium 
and thorium is well known, but potassium sometimes is overlooked. 
Russell-'--'-, in discussing gamma-ray logs of oil wells, says that the
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use of such logs might be a failure if dependent only on uranium and 
thorium, excluding potassium. Potassium consists of three isotopes, 
of which K^O is a strong gamma-emitter; the other two isotopes are 
nonradioactive. The ratio of K^  to total potassium is only 1:9*000 
according to Bramley and others12 . However, Spicer^-3, by laboratory 
studies of gamma rays, detemined that the emitting strength of 
potassium to uranium is 1:^96, which is in close agreement with the 
theoretical value. This is quite significant, as radiation with a 
large absorption coefficient (low energy) is attenuated more .rapidly 
than that with a small absorption coefficient (high energy) (Ref. 6, 
p. 18). Since gamma radiation from the uranium series is mostly low 
energy, it undergoes a relatively greater attenuation than higher 
energy radiation from thorium or potassium*

Although the potassium to uranium to thorium ratio, as well as 
the actual amounts of these elements varies greatly in rocks, certain 
generalizations can be made. Shales normally contain more uranium, 
thorium, and potassium than chemical precipitates such as limestone, 
dolomite, and anhydrite. Although a pure quartz sandstone has a 
very low radioactivity, most sandstones have a radioactivity inter 
mediate between limestone and shale. This latter type would include 
the volcanic, nonquartzose sandstones of Puerto Rico. Felsic rocks, 
such as granite and rhyolite, normally contain more uranium, potassium, 
and thorium than mafic rocks, such as gabbro and basalt.

2. GENERALIZED AERORADIOACTIVITY

The radioactivity of Puerto Rico is generally low and ranges from 
about 50 to 800 cps (PI. l). More than three-fourths of the island 
has radioactivity of 300 cps or less. The central part of the island 
in general has slightly higher radioactivity than the margins.

Most of the central part of the island has radioactivity ranging 
between 200 and 300 cps, but an area several miles wide that extends 
southeastward twenty-five miles from San Sebastian (PI. l) has 
radioactivity ranging between 300 and TOO cps with a fev small areas 
of up to 800 cps. Elsewhere within the central part of the island are 
areas as large as 20 square miles having a radioactivity of 300 to ^-00 
cps and some smaller areas having somewhat higher radioactivity.

The marginal areas of Puerto Rico in general have a radioactivity 
of 100 to 200 cps. The area of lowest radioactivity (50 to 100 cps) in 
Puerto Rico is near Sabana Grande in the southwest corner of the island. 
Two large areas of slightly higher radioactivity are within the 
marginal strip around the island: one at the extreme northwestern 
corner of the island is 200 to 500 cps; the other is at the south 
eastern corner, southeast of San Lorenzo, where the radioactivity is 
200 to kOO cps.

3- GENERALIZED GEOLOGY

The island of Puerto Rico has an area of about 3^00 square miles, 
A central backbone of rugged mountains extends east and west through
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the island. The foothills and coastal plains are much broader on the 
north than on the south. Mitchell^ and Meyerhoff-^5 present general 
descriptions of the physiography, geology, and mineral resources of 
the island,

The central mountainous portion of Puerto Rico consists 
principally of siltstone, sandstone, conglomerate, tuff, volcanic 
breccia, and flows. Most of the sandstones and conglomerates are 
composed chiefly of volcanic fragments. According to Mitchell (Ref. 
ikf p. 68), the most common extrusive rocks, both flows and tuffs, are 
of andesitic composition. Most of the rocks in central Puerto Rico 
are of Cretaceous age, but some are of early Tertiary age. These 
rocks have been extensively folded and faulted, and most of the major 
faults strike west to northwest.

North and south of the central mountainous area are belts of 
younger rocks. These younger rocks can be separated into (l) formations 
of Tertiary age consisting chiefly of limestone and marl and some beds 
of sandstone and clay, and (2) unconsolidated to friable deposits of 
sand, gravel, clay, and silt, chiefly of Pleistocene to Recent age. 
The Tertiary formations in general strike east, parallel to the 
mountainous backbone of the island.

Two large plutons of granodioritic to quartz dioritic composition 
occur in the southeastern and the west-central part of the island, and 
an elongated body of serpentinite occurs in the southwestern part of 
Puerto Rico.

The generalized geology of Puerto Rico, shown on Plate 1, was 
modified from a provisional map edited by Briggs^". The Geological 
Survey is engaged in a mapping program in Puerto Rico, and detailed 
geologic maps are available for some areas. Geologic maps of 7^ 
minute quadrangles have been published by BerryhilllT, Berryhill and 
Gloverlo, Briggs and Gelabertl9, Pease and Briggs2^,, Broedel2!, 
Monroe22 J 23> 2% Glover25j 2 , ana Monroe and Pease2?- Other geologic 
maps have been published by Kaye2  and Mattson2^.

COMPARISON OP GEOLOGY TO AERORADIOACTIVITY

The generalized geologic map on Plate 1 is included in this 
report to enable the reader to compare the geology to the radioactivity. 
Also, the radioactivity map on Plate 1 is at the same scale (1:2^0,000) 
as Briggs 1 Geologic Map of Puerto Rico (Ref. l6). The following 
descriptions of the rock units were taken primarily from Briggs 
(Ref. 16).

4.1 Unit of Tuff, Volcanic Breccia, and Flows (Kv)

Volcanic flows, volcanic breccia, tuff, and some thin-bedded 
sandstones and siltstones, lenses of limestone, and amphibolite, 
principally of Early Cretaceous age, are included in this unit. These 
extensively weathered rocks were deposited either subaerially or in a 
marine environment, and their total thickness may exceed 30,000 ft. 
Except for one small area in the extreme southwestern corner of the 
island, rocks of this unit occur only in the eastern half of Puerto
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Rico. Rocks of the unit have been mapped in detail in the Cayey 
quadrangle (Ref. 18), the Comerio quadrangle (Ref. 20), and the Juncos 
quadrangle (Ref* 2l) .

Generally rocks of this unit have radioactivity of 100 to 200 cps, 
except for two areas of 200 to 300 cps east and northeast of San 
Lorenzo (PI. l). These higher areas may have soil derived from nearby 
granodiorite plutons, or may contain unmapped granodioritic to 
dioritic intrusions*

Just east of Cidra in the Comerio quadrangle, the mineral alunite 
(6 percent KgO)29 occurs in two areas of hydrothermally altered rock 
which are within this unit. Wo increase in radioactivity relatable to 
the alunite was detected by the aeroradioactivity survey.

4.2 Unit of Sandstone, Siltstone, and Conglomerate (Ks)

Tuffaceous sandstone, siltstone, breccia, conglomerate, and a few 
lenses of limestone, chiefly of Late Cretaceous age, are included in 
this unit. The total thickness of the unit may exceed 20,000 ft. The 
lower part contains marine lava, tuff, and volcanic sandstone, the 
upper part contains subaerial and marine tuff, tuffaceous conglomerate, 
and breccia. Some of the rocks in this unit have been hydrothermally 
altered, and the entire unit has been extensively weathered. Part of 
these rocks has been mapped in detail in the Coamo quadrangle 
(Ref. 25).

The radioactivity of this unit varies between 100 and 650 cps and 
averages 200 to 300 cps. The highest radioactivity is. near the exact 
center of the island and lies along a major fault shown on the 
Geologic Map of Briggs (Ref. 16). This fault is apparently an 
extension of the east-trending Quebrada Vicente fault near Comerio 
that separates metamorphosed volcanic rocks on the north from flows 
and siltstones (Ref. 20, sec. D-D')- This fault approximately 
coincides with a change in radioactivity (PI. l) of 200 to 300 cps on 
the north and 100 to 200 cps on the south. A small anomaly of more 
than 500 cps lies about six miles north of Central Aguirre and 
probably correlates with some of the lapa Lava Member of the Robles 
Formation (Ref. 18), but might correlate with alluvial material in 
the Rio Lapa*

The highest radioactivity for this unit, as previously stated, is 
near the exact center of the island, and is associated with rocks that 
contain a considerable amount of volcanic debris. Rocks of similar 
age in southwest Puerto Rico are generally lower in radioactivity 
(100 to 200 cps) as they are dominantly elastics and limestones with a 
lesser volcanic constituent (Ref. 29).

Within the area of lower radioactivity in southwest Puerto Rico 
are several occurrences of volcanic units which correlate with slightly 
higher radioactivity of 200 to 300 cps. These units are the San 
German and Rfo Blanco Formations (not shown on the generalized geologic 
map) of Mattson (Ref. 29), which contain a higher percentage of 
volcanic material than most of the other formations in western Puerto 
Rico (Ref. 29, p. 3^0, 3^, and PI. l). The areas of higher radio 
activity include the large area west of the town of San German, the 
smaller area north of Maricao, part of the 200 to 300 cps unit north 
of Mayagliez, and the 200 to 300 cps unit south of Ad juntas.
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4.3 Unit of Siltstone, Sandstone, and Volcanic Rock (Ts)

Siltstone, sandstone, conglomerate, lava, and tuff, chiefly of 
Paleocene or Eocene age, are included in this unit, Beds of algal 
limestone are common near the "base. The rocks were mostly deposited 
in a marine environment. The unit probably contains some intrusive 
rocks and some hydrothermally altered rock. The total thickness may 
exceed 6000 ft.

Rocks of the unit occur only in small patches, the largest out 
crop "being about eight miles north of Ponce. The radioactivity is 
generally 100 to 300 cps and does not contrast with adjoining units.

4.4 Unit of Sandstone, Siltstone, Conglomerate, and Volcanic 

Rocks (TKs)

Volcanic sandstone, siltstone, conglomerate, limestone, flows, 
tuff, and volcanic "breccia constitute this unit of Cretaceous and 
Tertiary age. Most of the rocks were deposited in a marine environ 
ment, are deeply weathered, and form a northwest-trending band across 
the western half of Puerto Rico.

The radioactivity is generally 100 to 300 cps, and in most places 
there is little or no correlation between the geologic contacts of the 
unit with radioactivity contacts. About seven miles north-northeast 
of Mayagliez two small anomalies of 300 to 400 cps within this unit are 
radioactive highs along the geologic contact with the Upper Cretaceous 
unit (Ks). This contact (Ks-TKs) also lies along a probable fault 
zone (Ref. 16).

4.5 San Sebastian Formation (Tss)

The San Sebastian Formation of Oligocene age is composed largely 
of clay and sand with some lenses of limestone, and achieves a maximum 
thickness of about 1000 ft. According to Turner31, rocks older than 
the San Sebastian were subjected to diastrophism, eroded to near base 
level, and underwent deep tropical weathering. An advancing sea in 
middle Oligocene time deposited the basal conglomerate of the San 
Sebastian on the old land surface. The largest area of San Sebastian 
forms a northwest-trending band in the northwestern part of the 
island, and small occurrences of San Sebastian are located a few miles 
southwest of San Juan. The radioactivity of the San Sebastian is 
generally 100 to 300 cps.

4.6 Lares Limestone (Tl)

The Lares Limestone is a thick-bedded to massive pure dense lime 
stone. The formation crops out in an east-west band, pinching out in 
the western part of the island, and grades eastward into the San 
Sebastian Formation (Ref. 16). Slumping of clay of the San Sebastian 
Formation beneath the hard Lares Limestone has formed a high, steep, 
south-facing cuesta which is one of the major topographic features of 
northern Puerto Rico (Ref. 3l) 
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The radioactivity of the Lares ranges between 200 and TOO cps. 
The higher radioactivity is west of about 66  45 T W. longitude. Other 
Tertiary formations, mostly limestones, also are slightly higher in 
radioactivity west of 66  ^5'. Most limestones in other parts of the 
United States surveyed by the Geological Survey are less than 500 cps. 
The reason for the higher radioactivity of some of the Lares and of 
other formations in northwestern Puerto Rico is not known, but it may 
be a result of concentration of insoluble residues within the karst 
topography. Some of these radioactive high areas are within 5 miles of 
a known intrusive, and it is possible that some of the high radio 
activity may be from unmapped intrusives, but that is unlikely because 
the known intrusives do not have as high a radioactivity as some of 
the areas of limestone.

The Hagerstown Valley of western Maryland contains high radio 
active limestones. The high radioactivity of these lower Paleozoic 
strata has been shown to be due to several factors: (l) an unusually 
high potassium content of the limestones, (2) argillaceous units 
(usually more radioactive) interbedded with the limestones, and (3) 
concentration in soil of radionuclides as calcium carbonate is 
weathered from parent rock (Ref. 8, p. 268),

None of the afore-mentioned factors can properly be applied to the 
anomalously high areas of northwest Puerto Rico until field checking 
and laboratory analyses are accomplished.

Southeast of San Sebastian the contact between the San Sebastian 
Formation and the Lares Limestone correlates with a change in radio 
activity. The clays of the San Sebastian are generally 100 to 200 cps 
and the Lares Limestone is kOO to 500 cps. As previously mentioned, 
clay is not usually less radioactive than limestone.

4.7 Cibao Formation (Tcb)

The Cibao Formation consists principally of interbedded marl, 
chalk, and limestone, with some beds of sand, clay, and conglomerate, 
and reaches a maximum thickness of about 1000 ft. The formation forms 
an east-west band in northern Puerto Rico just north of the Lares 
Limestone.

The radioactivity of most of the Cibao is 200 to 500 cps, but an 
area eight miles northeast of San Sebastian is 600 to TOO cps and 
locally is as high as 800 cps. This is the highest radioactivity 
measured during the Puerto Rico survey. The significance of radio 
active highs within rock units composed predominantly of limestone has 
already been discussed under the heading "Lares Limestone" (Sec* 4.6).

4.8 Aguada Limestone (Tag)

The Aguada Limestone consists of thick-bedded to massive, dense 
limestone interbedded with chalky limestone and marl, locally thin- 
bedded near the top, and about 100 to 150 ft thick. It occurs in 
northern Puerto Rico just north of the area of the Cibao Formation. 
East of 66  45* W. longitude, the Aguada is 100 to 300 cps. To the 
west the radioactivity is chiefly 200 to 400 cps with small areas of 
higher radioactivity.

17



4*9 Camuy Fonnation and Aymamon Limestone (Tea)

The Aymamon is a thick-tedded to massive, dense limestone grading 
upward into punky fragmental limestone and marl, with some discontinu 
ous "beds of dolomite near the top. The total thickness of the for 
mation exceeds 1200 ft. The Camuy overlies the Aymam&n, has 
generally the same composition, and a maximum thickness of 600 ft. 
The radioactivity of these units is generally 200 to 300 cps, with 
some locales of 300 to 400 cps in the northwestern corner of the 
island*

4.10 Ponce Limestone and Juana Bias Formation (Tpj)

These two formations are shown as one unit on the generalized 
geologic map (PI* l) and have a limited areal extent in southwestern 
Puerto Rico.

The Juana Dfaz Formation of Oligocene age consists of shale, 
sandy limestone, and sandy conglomerate* It has a maximum thickness 
of slightly more than 2000 ft and is the approximate equivalent of the 
San Sebastian Formation of northern Puerto Rico.

The Ponce Limestone consists of two members. The lower member is 
of Oligocene and Miocene age and consists chiefly of thin- to medium- 
bedded chalky limestone with some massive limestone and local beds of 
shale and sand* The upper member, of Miocene age, consists of thick- 
bedded, finely-crystalline limestone and a few local beds of shale. 
The maximum thickness is about 3000 ft for the lower member and 1300 
ft for the upper member*

The radioactivity of this unit (Tpj) is generally 100 to 200 cps*

14-. 11 Unit of Sand and Clay (QTsc)

This unit consists of quartz sand, clayey sand, and clay of 
Miocene to Recent age. Except for one small area in the southwestern 
tip of Puerto Rico, this unit is confined to the northern coastal area 
and to the area of karst topography developed on the Tertiary lime 
stones. The radioactivity is 100 to 300 cps.

4.12 Unit of Silt, Sand, Clay, and Gravel Deposits (Qd)

This unit of Pleistocene and Recent age occurs around the margins 
of the island. It contains terrace and floodplain deposits of gravel, 
sand, silt, and clay, and also includes beach and dune deposits of 
quartz, calcite, and fragments of volcanic rocks. Swamp and marsh 
deposits containing organic muck and peat are common.

The radioactivity of this unit is generally 100 to 200 cps with 
local areas of 200 to 300 cps.

4.13 Serpentinite (Ks)

In southwestern Puerto Rico a large body of serpentinite extends 
from Mayagiiez to the southeast for about 20 miles. Other much smaller

18



bodies of serpentinite also occur in this part of the island. The 
serpentinite is thought to be serpentinized periodotite, and is deeply 
weathered.

The one area in Puerto Rico of less than 100 cps is over the large 
serpentinite body; however, the serpentinite extends beyond the area of 
less than 100 cps into areas of 100 to 300 cps. Alluvium derived from 
adjacent more radioactive rock could cause the higher radioactivity*

k.lk Plutonic Rocks (TKp)

Plutonic rocks are widespread throughout Puerto Rico. The 
principal varieties are granodiorite, quartz diorite, and diorite, but 
there is some quartz monzonite, gabbro, and hornblendite. The 
intrusions probably were emplaced during Late Cretaceous, Paleocene, 
and Eocene times.

With two major exceptions the intrusives are less than tvo square 
miles in areal extent and cannot be separated from the host rocks of 
the basis of aeroradioactivity. A minor exception is the small 
plutonic body south of Bayamon (southwest of San Juan) which correlates 
with part of a 200- to 250-cps radioactivity high.

The San Lorenzo batholith occupies the southeast corner of the 
island. The northern part of the batholith has been mapped in detail 
in the Juncos Quadrangle by Broedel (Ref. 21). In that area the rock 
is granodiorite except for very minor occurrences of diorite and gabbro 
along the margin of the batholith.

The northern and eastern parts of the San Lorenzo batholith have 
radioactivity of 200 to ^00 cps, which contrasts with the 100 to 200 
cps of the intruded Cretaceous rocks. The southwestern part of the 
batholith has general radioactivity of 100 to 200 cps, which does not 
contrast with the intruded rocks. Possibly the less radioactive rocks 
in the southwestern corner of the batholith contain more diorite and 
gabbro and less granodiorite, hence less potassium feldspar, than the 
remainder of the batholith.

The l:50,000-scale soil map of Puerto Rico32 shows many types of 
soil within the area of the San Lorenzo batholith, and there appears 
to be a slight correlation between some of the soils and the areas of 
100 to 200 cps and 200 to 400 cps.

The Utuado pluton trends northwestward for more than 20 miles in 
west-central Puerto Rico. According to Weaver33^ this pluton is 
composed mainly of granodiorite and quartz diorite, and contains 
minor amounts of quartz porphyry and gabbro along the margins. The 
granodiorite forms the central mass of the pluton, and quartz diorite 
crops out along the western and southeastern sides (Ref. 33, P3_* -l) *

The geologic contacts of the Utuado pluton do not coincide with 
radioactivity contacts. The central granodioritic part of the pluton 
has radioactivity of 300 to 600 cps, and the marginal dioritic and 
gabbroic parts mostly have radioactivity of 200 to 300 cps, the same 
as the surrounding host rock. The higher radioactivity of the 
granodiorite is caused by a higher percentage of orthoclase (potassium- 
feldspar) (Ref. 33, P. 1131)*
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5. REACTOR SURVEYING, WESTERN PUERTO RICO

The two nuclear reactors on Puerto Rico are located on the west 
end of the island, at Punta Higuero and Mayagiiez; (PI. l). The BONUS 
reactor at Punta Higuero is operated "by the Puerto Rico Water Resources 
Authority, and the training reactor at Mayaguez "by the Nuclear Center 
of the University of Puerto Rico, both by license from the Atomic 
Energy Commission. Special traverses to determine the background 
radioactivity at the reactor sites were flown on Nov. 22, 1961. 
Results of the flying are shown on Figure 2.

A beach traverse began at Aguadilla, went over the BONUS reactor 
site at Punta Higuero, and ended at Mayaguez* The aircraft stayed 
more than 500 ft from the water, so that water would not be within the 
area of response of the scintillation equipment. A second traverse 
was flown inland from the beach traverse, following approximately the 
route of highway 2 from Mayaguez to Aguadilla.

Four flights were made over the reactor at Mayaguez while it was 
operating. Anomalous radioactivity was not measured over the reactor, 
as all flights measured 200 cps.

The BONUS reactor at Punta Higuero was being constructed at the 
time of the survey. Traverses 11A and 11B, each 5 miles in length, 
were flown east-west at -j^-mile spacing north of regular traverse 11. 
Traverse 11A is directly over the reactor.

6. SUMMARY

The aeroradioactivity of Puerto Rico ranges between 50 and 800 
cps, and more than three fourths of the island has a radioactivity of 
300 cps or less. An area of higher radioactivity, 300 to 800 cps, 
trends northwestward across geologic units in west-central Puerto Rico 
for a distance of nearly 35 miles. Elsewhere" there are small areas of 
300 to 650 cps.

The rocks in the central part of the island are mostly tuffaceous 
sandstones, siltstones, conglomerates, tuffs, volcanic breccias, and 
flows of Cretaceous to early Tertiary age. These rocks chiefly have a 
radioactivity of 100 to 300 cps with several small areas of 300 to 500 
cps. One small area of 650 cps near the exact center of the island 
lies along a major fault.

Along the margins of the island, Tertiary formations, mostly lime 
stone with a minor amount of sand and clay, trend east-west. In 
northern Puerto Rico the radioactivity of the Tertiary rocks is mostly 
100 to 500 cps, the western part (west of 660 14.5* W. longitude) being 
slightly higher than the eastern part. The Lares Limestone causes 
small anomalies as high as 700 cps, and the Cibao Formation causes one 
anomaly of 800 cps. These areas of high radioactivity are within the 
northwestern end of the belt of relatively high radioactivity in west- 
central Puerto Rico. The high radioactivity in the Tertiary limestones 
possibly is from insoluble residues in the karst topography developed 
on the limestones. The high radioactivity may be caused by unmapped 
outliers of the Utuado pluton, but the radioactivity of the pluton is
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not as high as that of the Tertiary limestones. Other possible 
explanations for the high radioactivity include (l) unusually high 
potassium content of the limestones, (2) argillaceous units inter- 
bedded with the limestones, and (3) concentration in soil of radio- 
nuclides upon depletion of calcium carbonate by weathering.

In places Tertiary rocks are overlain by sand, silt,.clay, gravel, 
and organic material* This overlying more recent material has a 
radioactivity of 100 to 300 cps.

The central core of the Utuado pluton in west-central Puerto Rico 
is granodiorite and has radioactivity of 300 to 600 cps. The margins 
of the intrusive are principally quartz diorite and have radioactivity 
of 200 to 300 cps, which does not contrast with that of the surrounding 
host rock. The 300 to 600 cps area of granodiorite is the south 
eastern end of the northwesterly trending belt of high radioactivity.

The San Lorenzo batholith in southeastern Puerto Rico is 
principally granodiorite with minor amounts of diorite near the 
margins* The northern and eastern parts of the batholith have a 
radioactivity of 200 to kOO cps which contrasts with the 100 to 200 
cps of the intruded rock* The southwestern part of the batholith has 
a radioactivity of 100 to 200 cps, and the geologic contact does not 
correlate with a radioactivity contact.

The area of lowest radioactivity in Puerto Rico is 50 to 100 cps 
and correlates with serpentinite in southwestern Puerto Rico; part of 
the same serpentinite body, however, has radioactivity of 100 to 200 
cps.
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