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RADIOACTIVE SQURCE MATERIALS
N
L0S ESTADOS UNIDOS.DE VENEZUELA

by
D. G. Wyant
W. N. Sharp
and
Carlos Ponte Rodriquez

ABSTRACT

This report summarizes the data available on radicactive source
materials in Los Estados Unldos de Venezuela accumulated by geologists of
the Direccidn Tetnica de Geolgla and antecedent agencies prior to June 1951,
and by the writers from June to. November 1951.

The investigation comprised preliminary study, field examination,
office studies, and the preparation of this report, in which the areas and
localities examined are described in detail, the uranium potentialities of
Venezuela are summarized; and recommendations are made. Preliminary study
was made_to_select areas and rock types that were known or reported to be
radioactive or that geologic experience suggests would be favorable host
rocks for uranium deposits. In the office, a study of gamma-ray well logs
was started as one means of amassing general radiometric data and of rapidly
scanning many of the rocks in northern Venezuelaj gamma-ray logs from about
140 representative wells were examined and their peaks of gamma intensity
evaluated; in addition samples were analyzed radiometrically, and petro=

graphically.,

Radiometric reconnaissance was made in the field during about 3 months
of 1951, of about 12 areas,. 1nc1ud1ng over 100 localities in the State of
Miranda, Carabobo, Yaracuy, Falcédn, Lara, Trujillo, Zulia, Mérida, Tathira,
Bollvar, and Territory Delta Amacuro. During the course of the investigation,
both in the field and office, information was given about geology of uranium
deposits, and in techniques used in prospecting and analysis. All studie
and this report are designed to supplement and to strengthen the Direccion
Técnica de Geologias"s program of investigation of radiocactive sources in
Venezuela now in progresse

The wuranium potentialities of Los Estados. Unidos de Venezuela are
excellent for large, low-grade deposits of uraniferous phosphatic shales
containing from 0,002 to 0.027 percent uranium; fair, for small or moderate=
sized, low=grade placer deposits of thorium, rare-earth; and uranium minerals;
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poor, for high-grade hydrothermal pitchblende depos

sits; and highly possible

for small, medium- to high-grade deposits of carnotite-or copper-uranium

bearing sandstone. ‘

Recommendations for the Venezuel an uranium pr
systematic collection of a mass of general radiomef
sample collections, expanding the gamma=ray log pr«¢

egram include 1) the
tric data by examining
pgram, encouraging the

use of Geiger counters by field geologists,and by

nlisting the aid of the

general public; 2), the examination of specific areas or localities, chosen
on the basis of geologic favorability from the results of the amassing of

data, or obtained §y hints and rumors; 3), the org
in the Direccion Tecnica de Geologia to direct, col
metric data,

It is emphasized that to be most fruitful the
application of sound and imaginative geologic theo:x

CONFIDENTIAL

nization of a unit with-
llect, and collate radio-

program requires the
Yo




CONFIDENTIAL

11

INTRODUCTION

The purpose of this report'is 1) to summarize the currently available
data regarding radioactive source materials in Venezuela, especially
sources of uranium; 2) to describe in detail localities examined in the
field or studied by gamma-ray logs, and to summarize their uranium poten-
tialities; and 3) to recommend areas and rock types that merit additional
study, methods to obtain additional radiometric data, and the facilities
requlred for the program of seq;ch for radiocactive material that is already
in progress by the Direccion Tecnica de Geolog{h del Ministerio de Minas
e Hidrocarburos de los Estados Unidos de Venezuela.

A treatise on the geology of Venezuela has no place in this report,
and is not attempted, In the section describing localities examined, how=-
ever, enough of the geologic frame-work and local detail are given so that
the description of each area or locality is a self-contained unit. It
should be emphasized that in further study of radioactivity in Venezuela
the approach most likely to be productive of practical results is;, in the
long run, that of the complete historical geology of geologic provinces,
areas, or other entities. By complete historical geology is meant the
knowledge, in detail and in general, of geologic events, and would necessar-
ily include the study and appli¢ation of the geologic processes that tend
to concentrate or to disseminate the mobile element uranium. Such a
treatise would be invaluable from the standpoint of general knowledge,
from which practical values are derived.

Status of investigations of radiocactivity in Venezuela

The firgt known investigation for radioactivibx in Venezuela is that
published in 1939 by Otero, Beaujon, Prado, and Gimenez (1) (reference at
end of report), on the radiocactive hot springs of Las. Trlncheras, State of
Carabobo. . Uranium minerals were first discovered in Venezuela in 19h3 by
Davey (2) from the pegmatities of Timotes, and Carméh9 State of Merida.
Other investigations by members of the Direccidn Técnica de Geologia for
radicactive minerals were summarized by Schwarck Anglade (3) in 1951. He
.. includes the referenees above (1, 2); two other reports on the pegmatites

 of the Andes by Lépez, Aguerrevere, and Davey (4), and by Schwarck Anglade
(5); another report on the springs f La Trincheras by Rubio (6)3 and ,
laboratory examinations by Galavisof black sand concentrates from Evequi,
Urlman9 Territory Amazonas (7), of fluvatile sands from various places in
Terrftory Amazonas (8), and the Gran Sabana, State of Bolgrl (9). Since
June 1951, rgdioactive minerals have been reported from rio Can@aleriag
State of Bolivar by Perfetti and Candiales (10), and from Santa Catalina,
Territory Delta Amacuro by Schwarck Anglade (11).
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In 1945, Worcester (12) also examined the uranium possibilities of pegmatites
near Merida for an agency of the govermment of the United St%pes of America,
and in 1950, Larson (13), U. S. Mineral attach® in Lima, Perd, made a brief

tour through Venezuela at the request of the Venezuelan government.

Larson's report on the uranium possibilities of Venezuela, prepared in
collaboration with the Direccidn Tecnica de Geologia, contained a series of
recommendations., Some of them pertained to the need for atiracting the in-
terest of prospectors and mining men by revising and clarifying the 1945
mining law and possibly by offering a bonus for the discovery of uranium ore.
 Other recommendations were to examine rock and mineral collections, visit
areas in the Andes and the Guayana, and request the assistance of two geolo-
gists from the United States govermment. = y L

Accordingly, at the request of the Venesvelan Government, Donald G, Wyant
and William N. Sharp, geologists of the United States peolmgical Survey,
arrived in Venezuela in June 1951, ‘Caxl@s‘fonte Rodriguez, geologist of
the Venezuelan Direccion Tecnica de Geologia, was assigned to be in charge
of a program of the Direccién investigating radioactive source materials in
. Venezuela. He accompanied Wyant and Sharp in the field, and collaborated

in some office studies.

. The objectives of Wyant and Sharp were: first, to give information to
members of the Direccibén Técnica de Geologfé about some of the pertinent
facts concerning the geologic occurrence of uranium ores, and to show them
also some of the techniques used in field examination and laboratory analysisg
second, to appraise the uranium potentialities of Venezuelaj; and third, to
make recommendations for future work by Venezuelan governmental agencieso. A
corollary to these three objectives was to interest people in Venezuela in
prospecting for uranium. The objectives of the assigmment are in part ful- -
filled by this report and brief reports on current progress submitted to
. Dre. Schwarck Anglade during field work. Information on the geology of
uranium deposits was given in part im talks; both formal and informal, to
members of the Direccidn Técnica de Geologia, in part by discussion in the
field, and in part by recommending selected references for study. Inform-
ation in field and laboratory techniques was given in formal and informal
talks, and in practice both im the field and in a small radiometric labor-
- atory set wp in Caracas.Interest in searching for uranium has been stimul%yed
formally, by a talk before the Associacidn Venezolana de Geologia, Mineria,
¥ Petrdleo (Venezuelan Society of Geology, Mining and Petroleum), and inform-
ally, by discussionswith many people, especially petroleum company geologists
andmengineers@ubuxﬂalﬁguminipg”enginaemag‘and otherso. The program of uranium
research of the Direccidn Tecnica de Geologia is an active one, and the prelim-
inary work we have jointly accomplished was designed to coordinate with and
to expand that program, i
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Potential host rocks of wraniim in Venezuela

By analogy with the geologic occurrence of uranium deposits in the
United States of America and elsewhere in the world, and by preliminary
study of the geology of Venezuela both by reading and by conversation with™
resident geologisty it was possible to compile a list of certain rock types
that offered possibilities of being potential host rocks for uranium
deposits in Venezuela. This list was then used to make plans for field or
laboratory examinations,

Uranium deposits have been found in many types of host rocks through=
out the geologic column. In general, however, in any search for uranium
the following types of rocks offer more promise than others: 1) Thin
marine black shales, especially of Paleozoic age or clders 2) all marine
phosphate deposits, including phosphatic nodules in shale; 3) porous,™red beds",
.especially those continental formatiors that contain carbonized plant
remains, copper stains and intrusive igneous rocks; ). mesothermal argent-
iferous base-metal veins in siliceous, grantic or volcidnic country rock,
and replacement deposits in limestoney 5), lignite, especially seleniferous
lignite immediately underlying unconformities; 6) heavy minerals concent-
rated in alluvial deposits, and 7). pegmatites (Bain, McKelvey and Nelson,
Fischer, Page and Everharts 1l through 18).

O0f these seven main types of rocks, all are probably present in
Venezuela, although base-metal veins are not abundant. Accordingly, trips
were planned to examines 1) the black shales of the Colén and Mlsoa=='1‘rujlllﬁo
formations and any others found 2) the phosphatic "fish=bone" beds of La Luna
and the Colon formations, 3) the cupriferous terrestrial La Quinta and Tomdn
. formations and the terrestrial Roraima series; lj) lead veinlets and gold-
quartz veinsy 5) several lignite and coal bedsg 6) beach and stream a11=
uvial de}msits,, and 7) the uraniferous pegma‘bitles in the States of M{rida
and Bolivar. In addition, of course, many other rocks, as well as crude
oils, spring waters and deposits were examined radiometrically in the field,
and studied in the office. Gamma-ray logs made for the oil companies wére
also examined. All data accumulated will serve a useful purpose, either-dy
contributing to a more comprehensive knowledge of the general radioactivity
. of the rocks of Venezuela, or by iudicating speclﬁc areas. of abnormal
radioactivity, ,

- Radiometric eguipment

Radiation detectors (Geiger counters) used during the present recon=
naissance for uranium in Venezuvela were field survey meters, field scalers,
and laboratory scalerse : .
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The field survey meters used were equipped with 6-=inch glass-walled
Geiger probes that can detect either gamma radiation if the movable shield
is closed, or beta and gamma radiation if the shield is open. These probes
normally record about 50 impulses per minute. This conveniently portable
instrument is powered by dry cell batteries and equipped with a rate meter
rather than an impulse register. The rate meter circuit registers by means
of a needle fluctuating across a calibrated dial, the average current flow
resulting from amplified pulses. The pulses reflect ionizations of the gas
in the Geiger tube when ionized by charged particles or rays (alpha and beta
particless gamma and cosmic rays). The dial is graduated into divisions
that can be calibrated in millircentgens per hour, and is equipped with a
sengitivity or range switch that converts full=scale reading to 0.2, 2, or
20 milliroentgens per hour., The needle position on the dial may be read
directly in milliroentgens per hour, although this is not entirely correct
in the field inasmuch as the roentgen is a unit of gamma ray emission only
and also because the meter may not be accurately calibrated in terms of
millircentgens or adjusted properly for the different range positions.

In the field, observations were made by watching the needle for two

minutes or longer, and recording the minimum, maximum, and average number
of scale divisions. Also recorded were the sensitivity or range position,
and whether the shield was open to permit detection of both beta and gamma
radiation, or closed to permit detection of only gamma rays. The system of
recording such information in the field which will be used throughout this
. report may be symbollzed as follows: 2 = TIE 5 {(B;] 0.2 MR/hr scale), and

translated to mean 2 minimum - 7 maximum; 5 average number of scale divisions
(shield open, measurement made on the 0.2 milliroentgen per hour scale)e
Where not indicated, the 0.2 MR/hr scale was used, and the shield clesed (6),

For rapid scanning in the field the normal 6-inch Geiger probe of the
field survey meter was replaced with either a 20-inch metal probe for use
on_horse, or in rapid walking, or with two LO-inch metal probes for semi=
permapnent installation on a Jeep. The 20-inch probe operates at 900 volts
and normally records 2000 counts (impulses) per minute. The LO-inch probes
operate at 1200 velts and together normally record about 4000 counts per
minute. Both 20- and hO-inch probes can detect gamma radistion only, and
although not calibrated in terms of milliroentgens per hour, are of great
value in rapid reconnaissance or the detailed mapping of radicactive rockse.

. For more accurate registration of impulses or "counts" per unit time in
the field a pertable scale-of-eight scaler made by the Berkeley Scientific
, C@m%:m was used. This instrument feeds every eighth impulse into a mechan=
ﬁ register and each impulse from 1 to 8 is also woted on a small dial.
. ,Tbe total number of Ycounts" at any moment may, t.he:rc“ef’«are9 be read from the
" mechanical register and the small dial,

L ,F@r guantitative determimation of the radiocactivity of samples, two
scale-of=bli scaler units, model no. CGM=3B, manufdctured by the
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ElaTronlcs Company, Incorporated, were set up in the laboratory of the D1recc1on
Técnica de Geologla° These scalers were equipped with Thyrode Geiger probes,
model 1 B 85, made by the Victoreen Instrument Company. The probes, when mount-
ed in a small quonset-shaped lead shield, the walls of which were 3 centimeters
thick, normally detected no more than 0.5 "counts" per second. Calibrated stan-
dards from the Denver  Radiation Laboratory of the United States Geological
Survey were used to measure the radioactivity of samples. Radiometric analyses
obtained are given in terms of percent equivalent uranium, which may be defined
as the total radioactivity measured, but presented as if due only to uranium

and its decomposition products in equilibrium.

Members of the Direccidn Técnica de Geologia of the Ministerio de Mines e

. Hidrocarburos were informed of the accepted methods of use and of the limitations
of these instruments and of their maintenance and simple repair. In the labor-
atory, information was given about common methods of radiometric analyses, the
detection of radium from the radon curve of "pelletized" samples, and about
qualitative chemical determination of uranium in radicactive samples. In the
field, information was given-about currently acéepted methods of reconnaissance
and detailed examinations

Acknowledgments

The work could not have been accomplished without the aid of the Dlrecclon
Técnica de Ge@log;a of the Ministerio de Mines e Hidrocarburos of Venezuela, and
it is a pleasure to acknowledge the hearty cooperation given by all members of
this. @rganlzatlgnﬁ especially that of Armande Schwarck Anglade, Director, and
Luis Ponte Rodr;gnezs chief of the department of mining geology and petroleum.
Information on the geology of. var10n§ parts of Venezuela was also received from
the following members of the D&regalanc 1) Alirio. 381112139 2) Gabriel Dengo, 3)
Juan Evanoff, L) Clemente Gonziles de Juana, 5) José Nancy Perfetti, and 6)
Gustavo Rivero Nadal, We were accompained in the Caracas area by Gabriel Dengo,
in western Zulia by Rafil Lafarest, in parts of the Andes by Alberto Vivas R, and
Diego. Gonzales M, and in areas south of the Orinoco by Gustavo Mé&quez, Alirio
Bellizia, Luis Joa_éfCan.dlales9 and José Nancy Perfetti. In the office, Cecilia
Martin Bellizia and Alirio Bellizia examined rock and sand samples petrographic-
ally, Antonio céidenas made most of the radiometric analyses; and the draftsmen
of the Direccioh staff, ably headed by Sre. Rosson prepared the 1llustratlonso

It is impossible to list every one of the 0il and mining company employees
who freely gave us assistance, either in the form of maps, gamma logs, data,
suggestions, or housing, but we would like to acknowledge particularly the
assistance of George Heyl, Karl Dalmus, Gordon White, F. Walker Johnson, M. G.
Ball, and Fred W. Kerr of the Creole Petroleum Company; Keith Miner and Jay
Beaver of the Petrotec Company; Ely Mencher, Verner Jones, and Norman Weisbord
of the Socony=Vacuum Petroleum Corporationy J. U. Patterspn9 M. Forrer, and

CONFIDENTIAL




CONFIDENTIAL

15

Joe Go Wilson of the Texas Companyg; P. de Schumacher, P. Schoorel, and Aart
Dickers of Shell Caribbean Petroleum Comparny: Grady Davis and N. J. Funkhauser
of ‘Mene Grande 0il Company; and Frank Storms; W S. Shindler, S. Wright; and
Robert Wheaton of Iron Mines Company of Venezuela.

We are grateful for the hospitality of the Creole Petroleum Company in
Maracaibog of Miﬁﬁ/ﬂ.‘ K. Montgomery and Dale B.Jagues of the Consejo Beinestar
Rural in San Cristobaly, of the Compania Venezolana del Diamente, represented
by Jose Castro and Alberto Zarramendi at Peraitepuy; and of the Guayana Mines,
Inc., El Callao, graciously represented by Mr. and Mrs. Eugene Locher.

Dr. Alfonso Uribe, and Ernesto VelascoRboth of the Direccion de Hidrocar-
buros of the Ministerio de Minas y Hidrocarburos arranged introductions in
Maracaibo, and guided us around the Mene Grande field, respectively. Robert
Morrison, of the Direccion de Minas, guided us around El Callao mining district
and discussed local and regional geology. Sre Re E. Lara, Governor of the
Territory Delta Amacuro Jlent wus a launch at Tucupito. Dr. V. S. Paulik
provided useful informat.on about the La Grita=Seboruco areae. Dre. Harry Hess,
Ro Jo Smith, and Jess Bushman, all of Princeton University gave much useful
advice and geologic guidance.

Among the many individuals who helped us during our investigations in the
field were Fernandez Pena and Orocio Pulido /of Santa Elena; George Kirkbride,
Ernesto Lample, and J. A. Vivenes of Icabaru; Dr. Ricardo Falero of Tucupita
and Santa Catalinaj Sr. Davalillo of San Ysidro, Pa.raguanaf; and the police chief
of Guarico, Lara,

IOCALITIES EXAMINED RADIOMETRICALLY

Introduction

The rock types and areas of interest that were determined by preliminary
bibliographic study and conversation with geologists in Caracas were compiled
on maps and lists, and several trips then made to examine as many of the types
and areas as was possible. The routes taken are shown in figure 1, and the
localities examined in relation teo regional geclogy are shown in figure 2,
Stratigraphy is shown on chart 1. Individual reports written of each locality
or group of localities have been amended and arranged approximately by area,
rather than in chronological order or by rock type. The localities discussed
below were examired for radioactivity in about three months of 1951 On June
22, a recomnaissance of the Caracas area was made. From August 20 to 28, radio-
metric examinations were made at Las Trincheras, State of Carabobo and in the
northern part of the State of Falcén. From September L to 8, a radiometric
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reconnaissance was made between Barquisemeto, State of Lara, and Chejende,
State of Trujillo. From September 22 to October 19, radiometric examin-
ations were made at Aroa, State of Yaracuys between Guarico, State of Lara
and Trujillo, State of Trujillog in the State of Zuliaj and in the Andean
States of Mérida, and Tchira. From November 7 to 28, a radiometric re-
connaissance was made in the State of Bolivar and in the Territory Delta
Amacuro,

The Caracas area, Distrito Federdl, and State of Miranda

The Caracas area extends from the vicinity of Caracas north to the
Caribbean Sea (fige 1), and includes a representative part of the Coast
Range of Venezuela. Some of the rocks comprising the range were examined
radiometrically on June 26, 1951 in company with Gabriel Dengo who has
written an authoritative account of the area (19).

General geology

The area is camposed predominantly of meta-sedimentary rocks although
some meta=igneous, and unmetamorphosed igneous rocks have been described
(fige 2)o The oldest known rocks of the area, the Sebastopol complex[ll9)
PPe 50«53} consist predominantly of granitic gneiss, upon which lie a thick
neta=sedimentary series called the Caracas group[(l9) PPe 53»6{} The Caracas
group is composed, in order of decreasing age, of conglomeratic quartz-mica
schists with a limestone member, crystalline limestone, calcareous and
graphitic schists, and sericite-epidote schists. These rocks are termed
respectively, Las Brisas formation, Antimano formation, Las Mercedes form-
ation, and Tacagua formation. They are interlayered with serpentine and
amphibolites, and have been injected by narrow dikelets of acidic granitic
rocks[xl9) PRo 87—85L In addition to these formations there are different
phases caused by varying degrees of dynamo=thermal metamorphism, as for
example the paragneiss, called the Pena de Mora formation that is probably
equivalent to Las Brisas formation[(19) p. 9@0 Overlying these metamorphic |
and igneous rocks at Cabo Blanco, west of Maiquetia, are sands and gravels
of Miocene and Pliocene ages All these rocks have been gently folded and
faulteds The traces of axial planes of folds and of fault surfaces trend
predominantly east or northeast; the faults, both normal and reverse, dip
either to the north or south and probably repfesént several periods of defor=-
mation, and not simple contemporaneous block-faulting. Most of the rocks of
the Caracas group are undoubtedly of sedimentary origin and some at least
are probably of Cretaceous age. They are, therefore, probably correlatives
of sandstone, limestone, and shale units of Cretaceous age, some of which
are radiocactive in other parts of Venezuela. Metamorphism and faulting are
post=Cretaceous in age, -
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Radiometric observations

Radiometric observations were made at two points along the Caracas-
Maiquetia highway, in tunnel 3 of the Caracas-Maiquetla superhighway now
in construction,; and at two points along the Mamo river west of Maiquetia.
The rocks examined in this brief reconnaissance were part of Las Brisas
formation, part of Las Mercedes formation, part of the Tacagua formation,
serpentine, and part of the Peéha de Mora gneiss.

A limestone member of Las Brisas formation was examined in an oper-
ating quarry 7 kilometers up the Mamo river from its mouth. The lime-
stone is gray coarsely crystalline and highly sericitics it contains some
graphite and green mlca (mar1p051te9) The radicactivity observed was not
appreciable, 0 = 3; 1.5 (B).

Part of Las Mercedes formation in fault contact with Pefa de Mora
grieiss;, was examined about 12 kilometers from Caracas along the road from
Caracas to Maiquetla., Las Mercedesz formation is composed of pink-weathering
mica schist with abundant white veinlets of calcite. Its radicactivity was
0 - 4s; 2 (B). The Pena de Mora gneiss is here a hard blocky-weathering
biotite-quartz-feldspar augen_gnelss that is well laminated. The radio-
activity observed was O - 3 (B).

The uppermost beds of Las Mercedes formation and basal beds of the
overlying Tacagua formation were examined in the road cut near the portal
of tunnel no. 3 on the new Caracas-Maiquetia superhighway. Gray pyritic,
graphitic, calcareous schist of Las Mercedes formation grades upward with-
in a few feet into green schists of the Tacagua formation. The radioactivi-
ty of these rock types was not appreciable, 0 - 5; 2 (B).

Within the tunnel, typically dark-green slickensided serpentine is ex~
pesed. The radloact1v1ty was O - 43 1 (B). Serpentine examined at Plan de
Manzano, 10 kilometers from Caracas along the road from Caracas to Maiquetia
was also not appreciably radiocactive; the radioactivity was O - 2.5; C.5 (B).

The Tacagua formation was also examined along the Mamo River road about
3 kilometers north of the limestone quarry., The rock is a coarsely foliated,
coarse-grained; chlorite-sericite-quartz gneiss. The radioactivity observed
was not appreciable, 0 - 53 T.5 (B).

Summary and recommendations

In the brief radiometric reconnaissance of some of the rocks exposed in
the Caracas area, none seem to be appreciably radiocactive. As is to be ex-
pected, the serpentines appear to be least radioactive, and the Pena de Mora
gneiss the most radioactive of the rocks examined. Neither graphitic layers
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nor pyrite impregnations were abnormally radioactive. A more detailed study
of radiocactivity of the rocks of the Caracas area, making use of the car-
mounbted gamma probes, is required before the area can be classed as of no
further interest for radiocactive source material. In the study, it should be
recalled that the rocks of the Caracas group may possibly 1nc1ude the meta-
morphosed equivalents of the radioactive beds of La Luna and Coldén formations.

Las Trincheras Hot Springs and vicinity, State of Carabobo

Abstract

The radioactive hot springs of Las Trincheras, and some of the surround-
ing area, State of Carabobo, Venezuela, were examined with a portable Geiger
courter in August 1951. The hot springs are in granitic rocks intruded into
the Caracas series of metamorphic rocks that are of probable Cretaceous age.
The granite is in part foliated, and contains abundant schist and gneiss xeno-
liths and some simple granite pegmatlte dikelets and felsite dikes.

Markedly radioactive salts, precipitated on the surface of schist from un-
detectably radioactive hot water, cover an area of about 1 meter square at the
Fuentes del Sur, and weakly radiocactive salts were observed at the west end of
the upper pond. The radioactivity of these two areas averaged, respectively,
ten and two times the local background level of radioactivity. A sample of
the most radioactive salt analyzed in the Trace Elements Section Laboratory of
the U, S. Geological Survey in Washington, D. C., contains 0.072 percent e-
quivalent uranium, 0.00l percent uranium, approximately 0.0l percent thorium
dioxide, and less than 1.17 x 10-9 curies per gram of radium. Semiquantita-
tive spectrographic analyses for metals in this salt show it to be composed
predominantly of silicon, and subordinately of calcium, sodium, aluminum, man-
ganese; and potassium, with lesser amounts of magnesium, iron, and strontium.
Neither the water, gas, algae, mud and the rest of the salts precipitated from
the hot water at Las Trincheras; nor the granite, schist, and gneiss in the
area examined surrounding the hot springs were abnormally radioactive.

Most of the radicactivity of the salts is caused apparently by thorium
and its disintegration products, perhaps in the form of carbonates, precipi-
tated from the hot alkaline water. The radioactive elements are probably de-
rived from underlying minerals that probably form small bodies, such as hydro-
thermal veinlets; disseminations, or pegmatites.

Because of the paucity of uranium the area is classed; at least temporar-
ily, as one in which additional study is not merited.
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Int roduction

The Hot Springs at Las Trincheras, district Puerto Cabello, State of
Carabobo, are about 19 kilometers north of Valencia, and 24 kilometers
south of Puerto Cabello, at an altitude of about 350 meters in the gorge
of the Rio Agua Caliente (figs. 1 and 2)., They have been known since
colonial times and have been investigated by many scientists. The most
thorough investigation was that by Otero, Beaujon, Prado, and Gimenez in
1939 (1), who detected an average of 238 millimicrocuries of radiation in
the gas emitted from the central spring, a maximum of 26,4 millimicro-
curies in 10 liters of water, and from 5.9 to 56.6 millimicrocuries per
kilogram in the mud. The radicactivity of the samples disappeared within
a few days and was prcbably caused by radon or thoron. Otero, Beaujon,
et al. (1), observed the granitic rocks in the vicinity of the hot springs,
and concluded that the source of both heat and radiocactivity might be a
cooling batholith underlying the area.

In February 1950, Dr. Enrique Ribio S. (6) examined the hot springs
and some of the surrounding area with a Geiger counter, and found no indi-
cation of radiocactivity.

The writers examined the area of Las Trincheras on August 21 and 22,
1951, making radiometric observations of the hot springs and some of the
surrounding area.

Geology

The area of the hot springs of Las Trincheras has not to our knowl-
edge been mapped in detail, but reconnaissance has been done by Aguerrevere
and Zuloaga (20), Hess and Dengo (21), Rivero (22), and Liddle (23). Aguer-
revere and Zuloaga recognized a porphyritic granite in the area that is
probably intrusive into the Caracas series of metamorphic rocks of Cre-
taceous age. Dengo and Hess observed two types of granitic rock in the area,
one coarse-grained and unmetamorphosed, the other fine-grained and meta-
morphosed.

In the brief examination made by the writers, granitic rock was examined
along the road from about 1 kileometer northeast of Las Trincheras eastward to
the vicinity of La Entrada (fig. 3). The rock appears megascopically, to be
a medium- to coarse-grained brown granite and gneissoid granite with minor
variations in grain size, cut by a few simple granite pegmatite dikelets
which range in thickness from a few centimeters to 0.5 meters, and by some
fine-grained felsite dikes. Xenoliths of dark gray-green mica-schist are
locally abundant; a large body of calcareous mica=schist about 1 kilometer
north of Las Trincheras may be a large xenolith or possibly a septum, sepa-
rating two different granitic types. The degree of foliation of the granitic
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rocks ranges from none in the vicinity of La Entrada to moderate in the
vicinity of Las Trincheras., The foliation varies in attitude but in
general strikes NNW and dips about 25° SW. The attitude of foliation of
the schist and gneiss, on the other hand, strikes N. 6°-40° E., and dips
either west or east at any angle., Areas north of the rio Agua Caliente
appear white where the rock is exposed. This material, where observed,
is, megascopically, a sericite-quartz gneiss.

At Las Trincheras (fig. 4), the hot springs issue from the side of
a small gully subsidiary to the rio Agua Caliente and flow into small
ponds., (Gas issues from the Fuente Central, and white to ocherous salts
have formed along the sides and ends of the tanks. Rock is exposed only
in the small rectangle of concrete enclosing the Fuentes del Sur. Here
the rock is;, megascopically,a gray-green, siliceous biotite schist en-
crusted with a layer a few millimeters thick of botryoidal white salt
deposited by the hot water. ©Small pyrite crystals and a black manga-
niferous mineral; in places, are abundant under the salt incrustation.
The surfaces of schistosity strike approximately N. 10° E. and dip 240 W,

Samples were taken of the rock and incrusting salt, but have not yet
been studied petrographieally,

Radioactivity

Las Trincheras Springs

At Las Trincheras (fig. 3, no. 2) the background level of radio-
activity on alluvium in front of the hotel (fig. 4) was 1 - 33 2 (B).
Radiometric observations were made of the water in tanks 1 and 2 (fig. 4)
and of the Fuentes del Sur and Santa Isabel, Radiometric observations
were alsc made of the ocherous mud at the edge of the ponds, of the salt
incrustations around the edges of the ponds, of algae, and of the gas
issuing from the Fuente Central. Material other than some of the salt in-
crustations; is not appreciably radiocactive, and most of the salt incrus-
tations are not radioactive.

At the west end of tank 1, the salt contained about twice the back-
ground level of rad10act1v1ty[§ - 5; A, (GX° At the Fuentes del Sur some
of the salt incrustations are markedly radioactive, The area of markedly
radioactive salts 'is about 1 square meter, and the radioactivity of this
area is about 10 times the background level, ranging from 10 to 30 scale
divisions and averaging 20, both gamma and beta-gamma. The. fresh schist
beneath the.radiocactive salt is not radioactive.

Samples.--Samples were taken of the water from the Fuente Central

(number C A-149) and of schist incrusted with radioactive salt (number C
A-150), Sample C A-150 was analyzed by the Trace Elements Section
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Washington Laboratory of the U, S. Geological Survey. This radioactive
salt incrustation contains 0.072 percent equivalent uranium, 0.001 per-
cent uranium by chemical analysis, about 0.0l percent thoria (ThO,) by
spectrographic analysis, and less than 1.17 x 10-9 curies per gram of
radium, The radioactivity of the salt is thus attributable to thorium,
and it s decomposition products, although some of the radiocactivity may
be caused by the radium. This salt was also analyzed spectrographically
for metals with the following semiquantitative results:

Over 10 1 to 10. 0.1 to 1.0. 0,01 to 0.1 0,001 to 0.01 0.0001

percent percent  percent percent percent to 0,001
percent
Bi. Ca, Na, Mg, Fe, Ba, Ti, NPy - X, Ag.
Al; Mn, Sr Ni, Sc B;-La; Cry
K Zr, Ba;, Cu

Water sample C A=149 should be analyzed for uranium when equipment
is available in Caracas,

The disappearance of radioactivity from water samples "in a few days"
noticed by Otero, et al., (1), suggests that gaseous radioactive elements
other than thoron may be present. In the Caracas laboratory part of Sample
C A-150 was ignited and pelletized, and the increase in radioactivity over
a period of 30 days measured. The resulting curve indicates that radon may
be present.

Origin.-=The radioactive salt was formed by the evaporation of the un-
detectably radioactive hot water issuing from the Fuentes del Sur., Why
only part of the salt should be radioactive is not known although three
suggestions may be made: 1) there is a local chemical difference in the
schist that causes the radiocactive material to precipitate in a local areas;
2) in the course of a relatively short time the rising water completely
removed the radiocactive minerals from the source rocks; or, 3) the hot
water containing radioactive materials derived from an underground source,
as in alternative 2), changed its course so that it no longer traversed
radicactive material.

Areas near Las Trincheras Springs

Radiometric traverses were made along roads and trails near lLas
Trincheras (fig. 3) with essentially negative results, although the un-
altered granitic rock, as in other places in the world, may be slightly
more radioactive than the enclosing schist and gneiss. Radiometric obser-
vations were made at 13 points or stations (table 1), and the counter was
watched while walking between many of the stations.
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Table l.--Radiometric

25
stations, Las Trincheras area

Location Material Radicactivity Remarks
(No. on
fig. 3)
1 Granitic soil 1 - 43 2 (G) Background
2 Soil 1-3;72(G) Background (fig. 4)
Water, gas, algae, salt 1.5 - 33 2.25 (B)
Salt crust 10 - 303 20 (G, B) Small area of radio-
active salt
Siliceous mica schist 1 - 33 2.5 (G)
under salt
Salt 3 - 53T (G) Salt at west end
tank (fig. 4)
3 Mica, schist and quartz 1 - 43 3 (G)
veinlets
L Schist 1 - 432 (G) North end traverse
5 Gneissoid granite (?), 1 -3;72 (e, B)
siliceous, chloritized
biotite bands, and
altered schist xenoliths
6 Siliceous granite, 1 - 4373 (G, B)
slightly foliated
7 Gneissoid granite 1l-4;73 (G, B)
8 Small fault in gneissoid 3 - 53 L (G) Radioactivity may be
granite and microgranite slight ly less outside
; of fault gzone
9 White sericite-quartz 1~ 3;: 2.5 (G)
gneiss
10 Fresh granite and 1.5 - 3.5; 3 (G)
granite pegmatite
11 Granite, slightly 1.5 - 3.55 3 (G)
foliated
12 Gneissoid granite 1-3:2(G)
13 Contact between green 1~ 532 (6) Gneiss may be slightly
calcareous schist to more radioactive than
east and granite gneiss schist

to west CONFIDENTTAL
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Conclusions and recommendations

The radioactivity determined by Otero, Beaujon, et al. (1) in water
and gas from Las Trincheras is probably caused by dissolved radon and
thoron and from preliminary analyses it seems probable that the radio-
active elements in the radioactive salt at Fuentes del Sur are predomi-
nantly thorium and subordinately radium, perhaps combined with some of
the numerous carbonate ions in the water in the form of carbonates. Be-
cause the radiocactivity of the water and gas is low, and the area of
radiocactive salts is small, it is concluded that the underlying deposit
of thorium minerals may also be small. Either narrow hydrothermal veins,
disseminated thorium minerals; or pegmatites would fit the available
evidence.

Because of the presence of thorium rather than uranium, additional
work in the Las Trincheras area does not seem justified at present.

Igneous rocks of the Paraguané Peninsula, State of Falcgn

The igneous rocks that crop out in the central Paraguané peninsula,
State of Falcbn (fig. 5)9 were examined for radiocactivity August 24 and
25, 1951. The peninsula is essentially a flat low-lying desert plain, in
the center of which is the Cerro Santa Ana that rises about 800 meters
above the plain and is flanked on the west, southeast; and north by a
few lower hills,

The higher points are formed of igneous rocks, and were examined
at Cerro San Ysidro, Cerro Santa Ana, near Cerro Tausabana, and near El
Rodeo. The principal geologic work in the region, done by Aguerrevere
(24, 25) for the Cities Service 0il Company, has not been published al-
though his map is probably the source of the information on Bucher's
map (26); other work has been done by Kehrer (27), Liddle (23), and
Brandrat (28).

Geology and radiocactivity

Many flat boulders and pebbles of black slate were observed in the
ravines on the west side of Cerro San Ysidro, which may be Cretaceous
sediments into which the felsic and mafic igneous rocks may be intruded
[Aguerrevere (214)]
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Cerro San Ysidro area

The area of Cerrc San Ysidro examined is about 40 kilometers by road
from Amuay and 8 from Pueblo Nueve, on the hacienda of Sr. Davalillo.
The edge of the granitic hill is abrupt and may represent either a fault-
line scarp or an old marine shelf., In a traverse of approximately a kilo-
meter the predominant rock observed is dark green, contains abundant plagi-
oclase, and minor quartz and biotite, and is called, provisionally, a
diorite., Some boulders of hornblende diorite were observed as well as
small outcrops of granite and irregular pegmatite dikelets. Because the
biotite has been converted to chlorite and some zones are fractured and
brecciated, the diorite probably has been metamorphosed although no schist-
osity was noted. Two sheeted quartz veins, each over 6 feet thick, strik-
ing, in general, north and dipping about 4O° east, were at one time pros-
pected for gold. The quartz contains sparsely disseminated flecks of
magnetite, pyrite, chalcopyrite (?), covellite (?), and galena (?). Sr.
Davalillo reported they had been analyzed for gold and contained a small,
but not a commercial, amount.

Samples of the quartz vein and of the igneous country rock were
taken for petrographic study. The predominant country rock is hornblende
diorite altered by hydrothermal solutions that contains xenoliths of quartz-
sericit e-chlorite schist.

The radioactivity of the diorite, granite, and granite pegmatite d1ke~
lets is 1 - 43 3 (G, B), whereas that of the quartz veins is 0 = 25 1 (G, B).

Cerro Santa Ana

The Cerro Santa Ana was examined about.2kilometers north of Santa Ana,
Most of the rock observed is a dark green, coarse- to medium-grained dio-
rite composed of bladed feldspar and hornblende traversed by dikes of dark
green aphanite, and by hornblende-plagioclase pegmatite. Samples of the
rock taken for petrographic study, indicate that the country rock is domi-
nantly hornblende diorite, diorite porphyry, and subordinantly amphibolite
and diabase porphyry.

The radioactivity is subnormal, O = 1.5; Eo

Tausébana=E1 Rodeo area

On a road in and near Tausabana, coarse grained gray-green, red-_
weathering diorite (?) was observed. The radioactivity was 0.5 - 23 Te

Near El Rodeo, dark, and presumably ultra-=basic rock was examined.
The rock is deeply weathered and contains dikelets of pyroxene and horn-
blende-pegmatite, small irregular masses_of magnesite, and some serpentine.
Its range in radicactivity was 0.5 = 25 1.
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Conclusions and recommendations

The absence of radioactivity in the igneous rocks of Santa Ana,
Tausabana9 and El Hodeo, and the lack of indications of metallic miner-
alization make these more basic rocks of little interest for uranium.
The San Ysidro area, although not appreciably radioactive, may be worth
additional study because of the presence of mineralized quartz veins
and Cretaceous rocks.

/
Amuay Refinery, Paraguané Peninsula, State of Falcon

Some of the crude oils of Venezuela contain appreciable vanadium
according to Manger (29) and Dallmus (30), and because vanadium is
commonly associated with uranium, and also as some evidence suggests
that crude oil may be a transporting agent for uranium [Gott (BIﬂ 5 Ak
must be considered as a possible source of uranium in Venezuela. The
field investigation of crude oils and refinery products for uranium
began August 22 and 23, 1951, with the examination of the Amuay Re-
finery, owned and operated by the Creole Petroleum Corporation, Caracas,
Venezuela,

The Amuay Reflnery is on the southwest side of the Paraguana Pen-
insula, State of Falcén, about 15 kilometers north of Las Piedras (fig.
5). The reflnery makes a preliminary treatment of crude oil from the
so-called Tia Juana field, part of the Bol{var coastal field of the
Maracaibo basin, after which the refined products are shipped to Aruba
for cracking and other processing. The crude oil of the Ti4 Juana
field ranges in gravity from 13 to 28 A, P, I. [Nelson, et al. (32ﬂ E
and is produced largely from La Rosa and Lagunillas formations of Mio-
cene age, although some is produced from the Icotea formation of Oligo-
cene age E?on‘te B. (33)] .

At the time of the investigation, the refinery was shut down for
inspection and therefore the furnaces, tanks, and tubes were readily
accessible. The various sludges, residues, scales, furnaces, etc. ex-
amined, as well as the brine-crude oil settling tank, were undetectably
radicactive. Nevertheless, four samples (table 2) were taken for chemi-
cal analysis for vanadium and spectrographic analysis for rare metals.
These analyses should be made in Caracas when equipment becomes avail-
able,
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Table 2, Samples, Amuay Refinery, Paraguané, State of Faledn

Sample No, . Material Analyses Remarks

Ash Furnace floor fire chamber,
burning Ti4 Juana bottoms fuel
0il (temperature unknown but

ot

very hot)

2 Sludge, 0il tubes, atmospheric furnace

mostly carbon (550°F)

3  Stack solids Atmospheric furnace, Ti& Juana
medium bottoms (14 A.P.I. grav-
ity oil)

L Sludge Heat exchanger, heavy oil side

It is concluded that the Tié Juana crude oil at Amuay is not urani-
ferous. At the Ti4 Juana field in Zulia, crude oil is first run into
settling tanks where about 20 percent of the brine is removed, according
to Mr. Fred W. Kerr., For the sake of completeness, therefore, the tanks,
valves, and settling ponds were examined radiometrically in October at
Tif Juana, with negative results. Mr. M. G. Ball suggested that the
stack-coke product from the furnaces at the Crecle refinery at Carapito
may be of interest, and this too, should be added to any list of proposed
radiometric examinatiocns,

Coal deposits near Coro, State of Falcdn

Abstract

Lignite in the Cerro Pelado formation of lower Miocene age was ex-
amined radiometrically in two areas near Coro, State of Falcén. Neither
the lignite and enclosing shales and sandstones of the Cerro Pelado for-
mation, nor the lower part of the overlying Socorro formation and the
upper part of the underlying Agua Caliente formation were appreciably
radicactive, Another coal examined near Jacura was also not detectably
radicactive, Although the non-radiocactivity of the rocks examined sug-
gests that further search for uranium in the area is probably not war-
ranted, if other geologic work in this, or in any other coal-bearing
region in the country is done, coals should be examined for radioactivity.
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Introduction

Because some lignites of Tertiary age are uraniferous, lignites were
inciuded on the agenda of radiometric examinations in Venezuelao Two
lignitiferous areas were examined near Coro, State of Falcong on August
26 and 27, 1951 (fig. 6)s the Mina de Coro area about 9 kilometers south=-
west of Coro; and the Carbfn de Isiro area near Caujarao, about 5 kilo-
meters south of Coro., Another ccal deposit was examined briefly near
Jacurs, some 130 kilometers east of Coro (fig. 6).

Coal has been mined from both areas but, to judge by the caved mine
openings, not in recent years. The geology of the area has been described
by Weidenmayer (34) and Liddle (23), and some detailed maps have been pre-
pared but not publlshed by several oil companies. Formation names are
those used by Gonzilez de Juana (35).

Geology

The areas examined are in foothills between the cecastal plain and the
higher mountains to the south. The foothills are composed of folded and
faulted Pliccene, Miocene, and Oligocene shales, sandstones, marls, lime-
‘toneg and lignite. The dominant structural trend of beds, folds, and
faults 1s eastnortheast. The stratigraphic section examined comprises the
Sccorre formation of mid-Miocene age, the Cerrc Peladc formation of lower
Miocene age, and the Agua Clara formation of Oligocene age (35). The
Socorro formation is composed predominantly of dark gray-brown shale with
some marl and sandstone beds near the base. The Cerro Pelado formation is
composed of alternating thick beds of buff, carbonaceous sandstone and
brown to ocherous shale with a few beds of lignite. The Agua Clara for-
mation is a dark gray-brown shale and marl unit,

The Mina de Coro area (fig. 7), is structurally an anticline, modified
by thrust and some normal faults, with older rocks exposed in the core of
the fold. One bed of lignite, at least 3 feet thick, is poorly exposed.

The Carbfn de Isiro area is very similar, but thrust faults have dis-
placed the northern limb of the anticline. At least two beds of lignite
are exposed; one near the base of the Cerroc Pelado formation is about 1.5
feet (0,45 meter) thick, and the other, near the top, is at least 3 feet

(1 meter) thick,
Radicactivity

In the Minas de Coro area radiometric traverses were made from the
Agua Clara formation, across the carbonaceous Cerro Pelado formation, and
into the Socorro formation (fig. 7). In the traverses each exposed bed
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was examined radiometrically, and the lignite was examined especially
closely both in outcrop and in the dumps of old adits. None of the
rocks were found to be appreciably radioactive; the arithmetic average
of 10 observations taken of individual beds, during the traverse is
O.hy = 2.43 T.3 (G, B). Gray shale of the Agua Clara formation stained
brown by jarosite (?) contains about twice the radioactivity of the
other rocks but even so, is very low in radioactivity and has no eco-
nomic significance.

In the Carbdn de Isiro area, radiometric traverses and bed by bed
observations were made of the upper part of the Agua Clara formation,
and the whole of the Cerro Pelado formation. The average of 11 obser-

vations taken of individual beds during the traverse is only 0.5 - 2.0;
_1.04.: (G, B)o

Near Jacura, a brown flaky lignite about half a meter thick within
maroon and brown shales of probable Miocene age is exposed along the
road., Neither the lignite nor the enclosing shales were appreciably
radioactive,

Conclusions and recommendations

The lignite and enclosing rocks of the Cerro Pelado formation, and
those parts of the Agua Clara and Socorro formations examined in the
Coro region, Faleén are not appreciably radicactive, and no intensive
search for uranium in the region seems warranted., If, however, geclogic
work is done in this or any other area containing cecal, it would be
desirable to examine the coals for radiocactivity.

Black sand at La Vela, State of Falcon

At La Vela beach; 15 kilometers northeast of Coro, State of Falcon
(figs. 5, 6) some sparse thin patches of black sand have been concentrated
by wave action. The patches are commonly a few millimeters thick, as
much as 1.5 meters long, and a fraction of a meter wide., A sample of
this black sard, taken for radiometric and petrographic analysis, contains
0,003 percent equivalent uranium. Under the microscope the sand is seen
to be composed predominantly of rounded grains of magnetite and fragments
of quartz, with abundant colorless euhedral crystals of zircon, and less
abundant pink angular grains of garnet. A few grains of rutile, amphibole,
stauroclite, and epidote were seen,

The available quantity of the radioactive black sand is small and the
radiocactivity slight. The presence of zircon suggests, however, that a
study of heavy mineral concentrations in beach sands along the Caribbean
cecast might disclose areas of greater concentratiocn of this and perhaps,
other radioactive minerals.
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Copper Depecsits of Aroa, State of Yaracuy

The copper deposits of Aroca, which are on the northwestern flank of
the densely forested Aroa range, in the State of Yaracuy (fige 1, 2),
have been exploited intermittently from 1605 to 1932[136), no. 56, p. 143,
and total production has been estimated [136)9 o 575 P hﬁ] as 1,550,000
metric tons of partly concentrated ore containing about 8.4 percent copper,
and 76,987 metric tons of matte containing an unknown but higher copper
content. Five mines and prospects are known in the area; San Antonio
prospect, Aroa mine, North Aroa mine, Zanj6n Verde prospect, and Titiara
(including North Titiara) mine. The deposits, which my be reached only by
the narrow-gauge railway that comnects Barquisimeto with Tucacas and Puerto
Cabello, were examined radiometrically on September 28, 1951.

The geology of the area has been mentioned, among others, by Liddle
(23), and Miller and Singewald (37), but by far the most complete work to
date is that of Lé'pez.9 Davey and Rfbio (36), who studied the surficial °
geology of the area, made petrographic examinations of ore specimens that
were obtained from the dumps of the inaccessible mines, and collated mine
maps and historical data from company files.

The deposits, according to Iépez, et al. (36), are in a metamorphosed
limestone within a bedded sequence of graphitic calcareous schists and mica-
schists that constitute the regional country rock. The rocks are probably
equivalents of some of the metamorphic rocks of the Caracas region as mapped
by Dengo (19), and although no exact correlation has yet been made, they
are probably Cretaceous in age. The lens-shaped deposits, according to
lopez et al., 5(36), no. 56; pp. 1k, lé] are alined within a zone some 500
meters wide and 53 kilometers long that trends northward. Ore minerals
were determined to be pyrite; chalcopyrite, very sparse sphalerite and
galena with some spots of bornite and covellite; in a gangue composed of
quartz, zoisite, clinozoisite, microcline; and sericite. In contrast to
the country rock the ore is unmetamorphosed (36, p. 53), and apparently of
hydrothermal origin, although the nearest outcrops of igneous rocks are
respectively 12 kilometers to the north-northwest, and 16 kilometers to the
southwest (36, fig. 2).. The average copper content of the ore is difficult
to determine but may have ranged from 1.5 to 10 percent in sulfide ore and
from 5 to 14 percent in oxide ore (36, no. 57,.pp. 51, 65;.no. 56, p. 61),
Data on the size of the deposits are also inconclusive although some ore
shoots are apparently from 1.5 to 8.5 meters thick (idem).

Radiometric observations were made of the smelter slag, dumps and ore
piles of the Aroa mine, of water issuing from the caved portal of the Holman
crosscut, and of the calcareous green mica-schist, and schistose graphitic
limestone along the road from Arca to the mine workings. No variation above
the normal background level of radicactivity, that is, 0 - 3; 1.5 (B), was
noted, and it is concluded that the rocks and ore at Aroa, and probably of
the other mines and deposits in the Aroa area, are not appreciably radio-
active,
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Guarico galena prospect, State of Lara

One of the few occurrences of galema in Venezuela is reported from the
vicinity of Guarico in the southern part of Lara by Davey (38). Davey
states: "a small vein of cupriferous galena was found some years ago on
the west side of La Quebrada de Lima, opposite the town of Guarico, This
veinlet containing quartz, galena, and some chalcopyrite, occurs in a
fossiliferous conglomeratic limestone bed. A heavy fall of ground has now
buried all trace of the vein and the old workings. This occurrence appears
to be very small, and while others are said to occur... ( near by)...none
is of economic importance. One sample of the ore assayed 33,10 percent Pb,
2,60 percent Cu, and contained traces of silver, but no gold."

We examined the locality on September 29 and on October 19, 1951,
making a radiometric traverse across the area while in search of the site
of the prospect; examining specimens, and interviewing local residents,
The prospect site, now thoroughly obscured by landslides and vegetation, is
about half a mile northwest of Guarico on the northwest side of the Chabasquen
river, The country rock, judging from float boulders, appears to be brown,
calcareous sandstone, and brown limestone of Tertiary age (fig. 8) overlying
green schist of probable Paleozoic age. The deposit is at the northwest end
of a %png spur of metamorphic and igneous rock that represents the core of
the Merida Andes.

The radioactivity of all of the rocks examined and traversed was not
appreciable, ranging from O to 1.5, and averaging 0.75 scale divisions.
Specimens of galena and chalcopyrite previously obtained from float boulders
by local residents were also not detectably radioactive, although some of
the soil covering the hills above the prospect was slightly more radiocactive
(2 - 3.5; 2.5). One of the local guides stated that the prospect has been
known, but unexploited, since Colonial times, (1600's) and that when the pits
were made in 1943, the ore minerals were found in rounded boulders.,

It is concluded that the deposit is not appreciably radiocactive, but

that any other known or newly discovered deposits of similar type in the
region should be examined for radiocactivity.

Sedimentary rocks between Barquisimeto and Carora, State of Lara

While en route to the Chejendé area, State of Trujillo, the opportunity
was taken to examine radiometrically some of the other sedimentary rocks that
are well-exposed in this desert region along the road between Barquisimeto
and the vicinity of Carora, in the State of Lara (figs. 2, 8). The five
localities gxamined are: 1) 39, 2) 47 kilometers southwest of Barquisimeto
3) at the rio Tucuyo bridge, 4) near Aregie, and 5) about 3 kilometers south
of Carora.
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In general (fig. 8), the rocks of this part of Lara are gray shales
and limestones of Tertiary and Cretaceous age that have been gently folded
and faulted. The axial trace of folds and the trace of the faults trend

northeastward parallel to the general trend of the structural elements in
the Andes farther southwest.

In a canyon along the road 39 kilometers southwest of Barquisimeto,
black flaggy, shaly limestone and interbedded platy calcareous shale is
well expcsed., The rock contains many veinlets of white calcite; and some
beds of bléck chert, It was tentatively identified in the field as part
of the Colon formation of Cretaceous age, and is not appreciably radio-
active; 0 - 3; 2, (G,B).

On a ridge about 47 kilometers by road southwest of Barquisimeto,
dark gray shale is well exposed, The shale, which is probably of Tertiary
age, is thin-bedded,; platy, and not appreciably radicactive; O - 3,55 2.5

(G,

, About 75 kilometers southwest of Barquisimeto the road bridges the
ric Tocuyo. Along the river bank 'rocks are well exposed that according
to Smith and Bushman (39) are typical of the Colén formation. The rocks
strike in general north and dip from a few degrees to 45° W. Within a
stratigraphic interval of about 400 feet (120 meters) they consist for
the most part of thin-bedded dark gray to olive-green shale and silty
shale, with some intercalated beds of buff calcareous sandstone as much
as 8 centimeters thick. Stratigraphically above the shales is a reddish-
buff quartzitic sandstone bed at least 10 meters thick. The radiocactivity
observed in traversing the section was not appreciable; 0 - 33 2, (G, B).

We attempted to reach thg cinnabar deposit of San Jacinto south of
Carora but the road past Aregue was impassable. Between Aregue and Carora
the road is laid out over splintery dark-gray to olive-green shale and
intercalated inch-thick beds of brown quartzite. These rocks are probably
part of the Misca-Trujillo formation of Eocene age. Their radicactivity
is not appreciables 0 - 3; I.5 (G).

About 3 kilometers south of Carora, rocks similar to those at Aregﬁe
were examined. The rocks, which may also be of Eocene age, consist of gray
or maroon micaceous slaty shale that is overlain by a rubble of quartzite
boulders. The brown quartzite contains many veinlets of milky q’artza The
radicactivity observed in both rock types was subnormal; O - 23 1, (B).

In summary, the rocks of Tertiary and Cretaceous age examined cursorily
between Barquisimeto and Carora, State of Lara, are not appreciably radio-
active, A more thorough study of the rocks of the region would be desirable,
especially of the basal beds of the Colon formation that are radicactive in
the Chejende area, State of Trujillo.
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Some sedimentary rocks in the Che jende area, State of Trujillo

Abstract

The Chejende area in the northern foothills of the Andean Cordillera,
in the State of Trujillo, was examined radiometrically in October 1951,

Except for the "light shale horizon" at the base of the Coléﬁ for-
mation of Upper Cretacecus age, none of the other rocks examined were
appreciably radiocactive: quartzites of the Tomdn formation (lower
Cretaceous), marls, limestone and black shales of the Cogollo and La
Luna formations (mid-Cretaceous), black shales of the Colén formation
(upper Cretaceous)s and shales; sandstones, and limestones of the Rancheria
and Valle Hondo formations (Paleocene to mid-Eocene). The "light shale
horizon", a bed about 2 meters thick of pale-weathering, dark brown crenu-
lated silty clay containing abundant plant and phosphatic fishremains, is
appreciably radiocactive, and samples of the bed contain an average of 0.006
percent equivalent uranium, and 0.005 percent uranium. In addition to
uranium, samples contain an appreciable amount of other metals.

The bed is somewhat similar to the Phosphoria formation in the United
States of America in organic-, phosphatic-, uranium-, and other metal-
content, and may be considered as a potentially large low-grade uranium
deposit requiring additional study.

Int roduction

/
7 Some of the sedimentary rocks in the Chejende area, State of Trujillo
(fig. 9) were examined for radioactivity and sampled on October 5 and 6,
1951, Samples were analyzed radiometrically, chemically, and spectro-
graphically in the Trace Elements Section Washington Laboratory of the U, S.
Geological Survey. The area was selected because available maps and reports
by Smith and Bushman (39) suggested that good exposures of Cretaceous rocks
could be found. A further incentive was the "light shale" bed at the base
of the Coldn shale that, according to the report of Salvador (40), resembles
somewhat the radicactive "fish scale" bed at the base of La Luna formation
in western Zulia, and therefore might also be radiocactive.

Chejendé and Rancheria are small villages in the northern foothills of
the main Andean cordillera at an altitude of about 1000 meters (3330 feet).
They may be reached over about & and 6 kilometers, respectively, of good
graded rcad from its junction with the main Trans-Andean highway in the gorge
of the Carache River about 1 kilometer below the Casa de Zinc (fig. 10).
The area is one of moderate relief; and alt hough the steep hills have been
intensively cultivated, exposures for the most part; are confined to ridges
and road cuts. The most detailed geologic study of the area has been made
by, Salvador (40), although reconnaissance was made by Tomalin (41) prior to
Salvador's study.
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Geology and radibactivity

; . : / .
A1l of the rocks in the Chejende area are sedimentary, and range in
age from Triassic~Jurassic (?) to Recent. The stratigraphic succession
is tabulated belows

Table 3;-Stratigraphy, Chejendé/area (éfter Szilvado:f‘g9 (LOE

Age Group or formation Thickness and Lithology
Quaternary
Recent Alluvium Unconcolidated silt, sand, and
boulders
Pleistocene (?) River terraces 50 meters thick, silt, sand,and
; pebbles
Monay Boulder beds 100 meters thick, boulders of,

quartzite sandstones
Unconformity

Tertiary
Miocene (?) Tamiache formation 250 meters thick, poorly consoli-
dated pale sandstone, sandy shales,
and mottled clays
Unknown contact--probably unconformable
Upper Eocene Pauji formation 230 4 meters thick, dark gray to
black fissile shale with some thin
beds of black limestone and silt-
stone
Misoca-Trujillo Group
Caus formation 80 meters thick, green to reddish
glauconitic silty sandstone
Escuque formation L,0=85 meters thick, pale, quart-
zitic sandstone
/
Paleocene Rancheria-Valle Hondo 210 to 800 meters thick, soft,
formations irregular sandy shales. For-
mations intergrade laterally
Cretaceous
Upper Colén formation 200 = 210 meters thick, black,
fissile shale, subordinate silt-
stone

CONF IDENTIAL




CONF IDENTTAL

37
/
Table 3,-Stratigraphy, Chejende area [éfter Salvador, (LOZ]@ontVd)

Age Group or formation Thickness and Lithology

La Luna formation 150 meters thick, thin-bedded
black limestone and calcareous
sandy shale with discoidal
concretions

Middle Cogollo formation 30-35 meters thick, massive,
: light-gray, fossiliferous
limestone and calcareous sand-
stones and shale

Lower Toméh formation 800 4 meters thick, fine to coarse-
grained sandstone, sandy shale,
and siltstone, irregular bedding,
subordinate gray limestone

Cnconformity

Triassic=Jurassic(?)La Quinta formation Unknown thickness, dark red shales
i 5 3
: siltstones, sandstones, and con-
glomerate.

These rocks have been folded and faulted in such a manner that the axes
of folds and the trace of faults trend predominantly northward.

Radiometric observations were made of the contact of the Tomdn and Cogollo
formations at La Cuch¥;la (A, fig. 10-A)s; of the Cogollo, La Luna and Coldn
formations at Chejendé (B, fig. 10-B); of the Cogollo, La Luna, Coldn, and
basal Rancheria formations at Rancherla (C, fig. 10-B); and of parts of the
Valle Hondo and Coldn formation near Casa de Zine (D, fig. 10-4).

La Cuchilla (A, fig. 10-4)

At La Cuchilla, varicolored marl of the basal Cogollo formations lies con-
;ormably upon gray fine-grained quartzite of the Tomdn formation. The contact
is transitional through a stratigraphic interval of about 3 meters. The radio-
activity of the quartzite ranged from O to 2.5 scale divisions; (Beta and gamma,
0.2 milliroentgen per hour position) and averaged 1.5 divisions. The radio-
activity of the varicolored marls was 2 = 43 2.5 (G and B).

/
Che jende (B, fig. 10-B)

At Ghajendé; a radiometric traverse was made across the steeply dipping
beds of the upper part of the Cogollo formation stratigraphically upward through
La Luna formation and into the Colén formation.
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The Cogello formation is not well exposed where examined, but the
m'sslve gray fossiliferous limestone observed is not detectably radio-
active; 1 - 2.5;5 1.5, (G).,

La Luna formation, where examined; is well exposed and consists of
black shales interbedded with dark gray thin-bedded limestone. At
several horizons near the base of the unit discoidal concretions contain
either ammonite and pelecypod fragments, masses of pyrite crystals, or
no apparent extraneous material, The upper beds grade upward within a

uratlgraphlc interval of about 2 meters into the basal beds of the
Colén formation, and except for this interval arenot detectably radio-
active; 1 - 2.5; T.5, (G). The intensity of radicactivity increases as
basal Colbn is neared, and the uppermost foot of La Luna, a dark-brown
limy shale, ranges in radiocactivity from 3 to 73 averaging 5 scale
divisions (G, B). A sample, Chejend€ No. 1, taken of this bed for
analysis, contains 0,004 percent equivalent uranium, 0.003 percent u-
ranium,

The basal bed of the Coldn formation is here 1.5 meters thick and
consists of pale-weathering soft, "punky" crenulated black to dark brown
silty clay, containing alundant plant and vertebrate fossils. The radio-
activity of this bed ranges from 3 to 7; averaging 5 scale di visions
(G, B}, Sample Chejendé No. 2, taken of the bed for analysis, contains
0.007 percent equivalent uranium, 0.005 percent uranium,

The black thin-bedded shales of the rest of the Coldn formation ars
not appreciably radicactive; 0 - 25 1, (G).

Rancherfa (C, fig. 10-B)

At Rancheria a radiometric traverse was made across the moderately
dlpping beds of the lower part of the Rancheria formation stratigraphically
downward through the Coldn formation and into uppermost La Luna formation.

The Rancheria formation of Palencene to mid-Eocene age consists of
interbedded buff sandstone and dark olive-green to black shale, with some
thin beds of buff silty limestone. The rock examined is not appreciably
radicactive; 1 - 2.5; 2, (G).

The Coldn formation consists predominantly of black to dark gray
laminated fissile shale with narrow transition zones at top and base.
Except for the basal "1 1ght shale® bed the formation is not detectably
radioactive ( 1 - 2g 1.5) 5). The basal bed, as at Chegende9 is markedly
radicactive, ranging in radloact1v1ﬁy'from 3 to 5.5 and averaging 3.5
scale divisions, gamma or beta-gamma. The bed (fig. 11) is about 2 meters
thick, and comprises an irregular basal zone of pebbles, overlain by porous
pale-weathering, dark brown crenulated silty clay that is packed with fish
znd plant remains.
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The topmost bed of La Luna formation, a bed 1 foot thick of brown
slightly calcareous blocky shale, is also radioactive, ranging from 2.5
te 5 scale divisions; averaging 3.5, but the radicactivity of La Luna
rapidly decreases downward and 3 meters below the top of the formation
the black flaggy limestone and shale is not detectably radiocactive.

In a sharp bend in the road, about 30 meters east of the exposure
illustrated, the rocks are cut by a zone of fractures subsidiary to a
fault of northwest trend (fig. 10+B). In some of these fractures the
radicactivity ranges from 5 to 73 and averages 6 scale divisions.

Three samples were taken for analysis. Sample Rancherga No. 1, a
2-foot channel across this 10-inch vertical fracture zone, consists of
dark brown blocky limy shale. The sample contains O, 006 percent equiva-
lent uranivm, 0,004 percent uranium. Sample Rancheria No. 2, a 1.5-foot
channel sample, was cut across the uppermost brown calcareous blocky
shale of La Luna formation., The sample contains ©.0C3 percent equlvaa
lernt uranium and 0.002 percent uranium. Sample Rancheria No. 3, is a
5= foot channel sample cut across the "light shale™ bed of the basal
Coldn formation. The sample contains 0.005 percent equivalent uranium,
and 0,004 percent uranium.

Casa de Zinc (D, fig. 10-4)

From Casa de Zinc, a radiometric traverse was made westward aleng
the Curvas de Coromoto toward Valle Hondo. The rocks exposed west of
Casa de Zinc are part of the Valle Honde formation of Paleocene age and
consist of shale; marl, and limestone. The thin-bedded shale is dark
gray, in part bleached white, or pink tc maroon where marly. The lime-
stone is buff hard evenly-bedded, and in part, sandy. The
radiocactivity is 1 = 23 1.5, (G), although that of the shales and marl
may be slightly greater, 1 - 3; 2, (G).

The radioactive bed

The "light shale" bed at the base of the Colén formation was first
described in the Chejendé area by Tomalin (41, p. 15), who placed the
bed in uppermost La Luna. Salvador (4C, pp. 86-90), because of 11thologys
as well as time considerations, places the bed in the basal Colén for-
mation. He notes its similarity with the phosphatlc glauconitic zone
described by Hedberg (42), at the base of the Coldn that extends over
most of western Venezuela and northeastern Columbia. Salvador notes that
in places the bed is from 2 to 4 meters thick. The bed, because of the
abundance of fish and plant remains and relative scarcity of clastics
has been thought; by most geologists familiar with it, to represent the
products of condensed deposition during a long static pericd. The bed
is, therefore, both in this respect, and in its high phosphate content
somewhat similar to the Phosphoria formation of Permian age of Utah, Idaho,
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ard Wyoming. McKelvey and Nelson (15) have suggested that the uranium
cont ent of the Phosphoria may be due to physical-chemical reactions,
possibly related to organisms, taking place in favorable marine en-
vironments over a long period of time.

The analyses indicate an average content of about 0.006 percent
equivalent uranium and 0.005 percent uranium, over a width of about 6
feet (1.8 meters). The small but uniform preponderance of equivalent
uranium over chemically determined uranium, suggests that uranium has
been leached from the rock, and therefore; that the unweathered rock
contains more uranium. The phosphatic fragments are probably composed
of the iron phosphate, vivianite.

Semiquantitative spectrographic analyses of the samples show an
appreciable metal content, in addition to the expected aluminum and
silicon., All samples in the range of more than 1C percent contain
aluminum and 8111von, in the range from 1 to 10 percent, most samples
contain calcium, iron, phosphorus, and potassium; in the range from O.1
to 1.0 percent, most samples contain sodium, magnesium, and titanium
(Sample Chejendé 1 contains, in addition to these, vanadium, barium,
and nickel): in the range from 0.0l to 0.1 percent, all samples contain
strontium, chromium, scandium, lead, and yttrium, and with the exception

: g . . : -
of sample Chejende 1, above, vanadium, barium, and nickel; copper, zinc,
cobalt ; and zirconium are present in some samptes., In the ranges below
0.Cl percent,; the samples contain gadolinium, manganese, lanthanum,
molybdenum; boroen, beryllium, and ytterbium.

Summary and recommendations

In the Chegende area the lower part of the Eanchewla and Valle
Hondo formations, the Colén, La Luna, and the upper paﬂt of the Cogollo
formation, and the contact of the Cogollc with the Tomén formations were
examined radiometrically. With the exception of the "light shale® bed
at the base of the Colén formation none of the rocks examined were ap-
preciably radioactive, The ®"light shale™ bed, however, is markedly
radicactive, ranging from 2 to 4 times the local background level of
radicactivity., Samples thought to be representative of the weathered
outcrop contain an average of 0.006 percent equivalent uranium, and 0.005
percent uranium. This bed is about 2 meters thick, and although observed
only in twe places, probably underlies a large area and thus offers the
promise of a large low-grade uranium deposit. Preliminary spectrographic
anal yses indicate an appreciable content of other metals.

It 1s recommended that the bed be traced and sampled within the
Ckejende area, and that further study be made to obtain unweathered
samples of the radicactive bed that have not been leached of uranium,
Satisfactory samples could be obtained either by shallow core-drilling or
vy test pitting. The samples should be analyzed spectrographically for
rare metals, and the analyses checked by chemical analyses.
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Radiocactive shaly limestone in the western part of the State of Zulia

Gamma-ray logs of wells in several of the oil fields of western Zulia
show a peak in gamma intensity in uppermost La Luma formation. During the
field examination in October, samples of the radioactive zone were taken
from drill cores in two wells, one in the Mara and one in La Paz field,
as well as from the outcrop at the type section in the Quebrada La Luna.
0il seeps at La Paz field and in Quebrada La Luna were also checked
radiometrically,

Principal references to the geology of the region are the papers by
Hedberg and Sass (43), Sutton (44), Schaub (45), and the staff of the Shell
Caribbean Petroleum Company (46).

Geology

The general geology of western Zulia, a part of the Maracaibo basin,
is fairly well known: the disadvantages of thick vegetal cover in the
surrounding mountains and of thick alluvium and water in the central part
of the basin are offset by the amount of surface and subsurface geclogic
work done under the economic spur of the rich oil fields.

The rocks in western Zulia range in age from Paleozoic to Recent, and
include both a thick sedimentary series as well as several types of igneous
and metamorphic rocks. In general, the pre-Jurassic rocks (including most,
if not all of the igneous and metamorphic types) are considered as "basement"
by the oil companies, and little is known of them, and consequently of pre-
Jurassic history. In contrast, the general history since the Jurassic is
well known, and includes several periods of orogeny or epeirogeny, subaerial
erosion and deposition, followed by marine invasion, deposition, and with-
drawal,

Of concern in this report are the marine invasion and regression in the
Cretaceous period during which time the Cogollo (Capacho), La Luna, and over-
lying Colbn formations were successively deposited; and the folding and
faulting that took place in the Mio-Pliocene epochs, forming the anticlines
that are now the sites of the oil fields of Mara, La Paz, La Concepcidén, and
others.

During the advance of the Cretaceous sea, the light gray thick-bedded
highly megafossiliferous limestones of the Cogollo (Capacho) formation were
deposited. At the maximum extent of the sea, the dark gray to black flaggy
bituminous moderately fossiliferous, nodular limestones and shales of lLa
Luna formation were deposited. In the shallower retreating Cretaceous sea,
the black thin-bedded foraminiferal shales of the Col6n fomation were de-
posited. The boundary between La Luna and the Colén formations is sharp
and marked by either glauconite, glauconitic limestone, or some sand, as in
the entire western edge of the Maracaibo basin, (45), pp. 216, 217 ; or the
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boundary is marked by phosphatic thin-bedded, shaly limestone such as the
"fish bone" beds in the State of Trujillo southeast of the basin (40).

t uhejendt:9 State of Tvu31i¢mg this zone is radiocactive. Basal La Luna
in the eastern Zulia region resembles in general appearance, and also in
radioactivity, the "fish bone" bed at the top of the formation in Trujillo.

The dlastrophlsm of Mio-Pliocene age blocked out the Mérida Andes and
the Perlda Range and probably caused most of the folding and faulting that
formed the present anticlines of La Paz, Tetones, La Concep016n9 and others.
(fig. 2), upon which are now located the enormously productive oil fields
of La Paz, Mara, La Concepcibn, San Ignacio, and others. The oil fields
are similar in that they are faulted domes with the axial traces and the
strike of most of the faults trending north to northeast. Their general
internal relations are represented in figure 12 of La Paz field.

Sutton [ﬂhh), pps 1715, 1722] states that La Paz anticline was first
prospected because of the oil ard asphalt seeps in the Tertiary rocks
around it and some oil has been produced from the Tertiary rocks in these
fields; but most of the oil has been produced from faulted and fractured
zones in the Cretaceous rocks, especially La Luna formation.

Radioactivity

Gamma-ray logs examined from western Zulia show a consistent peak at
the stratigraphic level of the basal La Luna formation. The intensity of
the peak varies from well to well but is about equal in intensity to that
shown in logs of the Chattancoga shale in the United States of America.
Two wells, Rama 1 (Texaco) in the Mara field, and P-114 (Shell) in the
southwestern part of La Paz field had recently been cored, and then gamma-
logged before casing.

Rama-1 well

The gamma-ray log of Rama-1 shows a peak in gamma intensity of 8.9
inches, from the instrument zero, at a well depth of 8,433 feet. The base
of the peak extends from well depths of 8,420 to 8,440 feet, or 20 ft. above the
top of the Cogollo (Capacho) formation. The log was run by the Petrotec
Company at a sensitivity scale of 4.5 inches. For compariscn purposes
Gott and Hill (47) have found it convenient to recalculate the inches of
deflection to what they would be at a sensitivity scale of 10 inches. The
proportion is direct and the calculation is as followss

8.9 inches deflection L.5 inch sensitivity scale

x inches deflection 10 inch sensitivity scale

x = 19.8 inches at a 10 inch sensitivity scale.
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As explained elsewhere in this report, this figture can be converted to ap-
proximate percent equivalent uranium. If the approximate figure of 0,0007
percent equivalent uranium determined by Gott and Hill for each inch of
deflection on the 10-inch sensitivity scale may be applied here, the core
should contain a maximum of about 0,0l4 percent equivalent uranium. The
maximum content determined by analyses is 0,012 percemt equivalent uranium.
Core samples, tabulated below (table 4) were taken between well depths of
8,421 ard 8,439, Within this interval the rock consists of irregularly
banded dark gray, in part recrystallized, limestone and black .calcareous
shale, containing varying amounts of fossil bone fragments. The bone
fragments are as much as 6 millimeters (1/4 inch) in diameter and are
conspicuous by their blue-black color, possibly caused by the iron phos-
phate, vivienite. Also present are thin films of macerated plant fragments.
The cores were examined radiometrically with the field Geiger counter, and
samples were split from the core for analysis (table 4).

Table L.--Core samples, Texaco well Rama-1l, Mara Field, Zulia

Sample Well depth Equivalent Uranium Remarks
No. (feet) uranium (percent)
(percent ) 1/

1/

R-1-1 8421.0 te 22.0 0.003 0.002
Black laminated shaly limestone

R=-1-2 8422,0 to 23.0 .002 .003
R-1-3 8423.7 te 23.8 .00L .00l Dense gray limestone
R-1-4 8425.3 to 26.4 - 004 .003
R=1-5 8L26.4 to 28.0 .002 .001
R-1-6  8428.0 to 29.0  .00L .00%
R-1-7 8429.1 to 29.6 .005 - 004

T Black, laminted calcareous shale;
R-1-8 8429.6 to 30.8 .005 . 004 fish bone fragments
R-1-9 8430.8 to 31.3 006 &OOQJ
R-1-10 ; . 8431.3 to 31.8 .001 001
lealid 843518 to 33:% .009 ,008 Fish bones, and carbonized plant

fragments in black shale

R-1-12 - 8433.1 to 34.2 .001 .001 Banded, gray limestone
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Table 4.--Core samples, Texaco well Rama-1l, Mara Field, Zulia (cont'd)

Sample Well depth Equivalent  Uranium Remarks
No. (feet) uranium (percent)
(percent ) 1/
1/
R-1-13 8434.2 to 34.8 .005 .00L  Fish bones and plant fragments
in black calcareous shale

R=-1-14 8434.8 to 35.2 .001 .001 Banded, gray sandy limestone
R-1-15 8435.2 to 35.9 .002 .002
R-1-16 8435.9 to 36.8 .003 .003

R-1-17 8437.0 to 37.4 L1 3/ ,007 2/ Fish bones, black shale

R-1-18 8438.7 to 39.0 .006 004 Fish bone bed, gray shaly lime-
stone

;/ Analyzed in the Trace Elements Section Washington Laboratory, U. S.
Geological Survey.
2/ Average of two analyses.

P=114 well

The gamma log of Shell well P-114, La Paz field, shows a peak in gamma
intensity extending from well depths of 9,168 to 9,183 feet;, or for 15 feet
above the top of the Cogollo formation. Because a zero point is not shown
on the log, no exact measurement of total inches of deflection can be made
ard consequently the approximate radiocactivity cannot be calculated ;/o

1/ Jay Beaver, Petrotec Co., reports the log O, by comparison with
other logs, gives an approximate peak of 14.5 inches at a sensitivity scale
of 7.5 inches, This would be 19.3 inches deflection at a sensitivity scale
of 10 inches, or about 0.01%3 percent equivalent uranium,

By comparison, howver, the radiocactivity is probably roughly the same as that
in the Rama-l well, or about 0.0l percent equivalent uranium. Samples,
tabulated below (table 4-A) were taken for amalysis. The rock is similar to
that in Rama-1 well, but there are less phosphatized bone fragments and more
carbonaceous films. The highest radioactivity determined with the field
Geiger counter is 6 = 93 7.5 (B), in black laminated shaly limestone with
abundant carbonaceous films and some phosphatic tone fragments in the inter-
val 9,180 to 9,180.5 feet (well depth).
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Table L-A.--Core samples, Shell Caribbean well P-114, La Paz field, Zulia

Sample Well depth Equivalient Uranium Lithology
No, (feet) uranium (percernt )
(percgnt) 1/
1/

P-114~1 9167.8 to 68.C 0,003 0,002 iepresents dark gray calcareous
shale

P-114~2 9175.5 to 76.1 .002 .002 fepresent s light gray shaly lime-
stone

P-11i-3 9172.6 to 72.8 004 .002 Represents dark gray calcareous
shale '

P=11i-4 9180.0 to 80.5 .030 027 Black laminated shaly limestone
with carbonized fossil frag-
ment s

i/ Analyzed in the Trace Elements Section Washington Laboratory, U. S.
Geological Survey.

Qutercp of La ILuna formation

The type section of La Luna formation according to Sutton (44, pp. 1648,
1649), and Liddle (23) is in the Quebrada La Luna, west of Villa de Rosario
(fig. 2). The formation at this locality, strikes in general northeastward,
and dips from 20 to 40 degrees SW. It is about 300 meters (984 feet) thick
(L4i, 23) s and consists of thin-bedded hard black shale and limestone with
some chert; containing abundant discoidal limestone concretions. Some pyrite
was observed, and also some oil blebs within ammonite fossils. The basal beds;,
immediately overlying the lighter gray, megafcssilifercus limestones of the
Cogollo (Capacho) formation are about 4.5 feet (14 meters) thick and consist
of light tan thinly laminated earthy shale, with one 6-inch (15 centimeters)
and two 7-inch (18 centimeters) beds of hard gray limestone in the upper foot,
and a zone with more carbonaceous fragments in the lower foot. The radio-
activity of La Luna formation except for the basal beds is 0 - 2.5; 1 (B),
whereas the average radiocactivity of the basal beds is 2 - 5; 3 (B). The
highest radioactivity in the basal beds of La Luna formation was observed in
the lower foot,

Two samples were taken for analysis, QLL-1 of the entire bed (4.5 feet),
and QLL-2 of the lower foot. The samples analyzed in the laboratories of the
United States Geological Survey, Washington, D. C., contained respectively,
0.C04 and 0,008 percent equivalen® uranium, and 0.004 and 0.007 percent
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uranium, The nearly identical equivalent uranium and uranium analyses
suggest first that uranium is the only radioactive element, and second,
that 1ljttle if any uranium has been leached from the outcrop,

Tar (asphalt) seeps

Active tar seeps were examined at La Paz field and in the Quebrada La
Luna (fig. 2). At both of these localities the tar and subsequent asphalt
may be derived from Tertiary rather than from Cretaceous rocksg[(Hedberg
(43) p. 79; Sutton(4l), p. 1722), although the seeps in Quebrada La Luna
were within La Luna formation. In_neither locality, however, was radio-
activity more than normaly O - 25 1, (B),

Origin

The abnormal radicactivity in basal La Luna formation is probably
caused by the extraction of uranium from sea water during long static
periods, as postulated for the Chattanooga shale and the Phosphoria for-
mation by McKelvey and Nelson (15), and as described for the radicactive
shales of the Chejende area, Trujillo.

Summary and recommendations

A zone of weakly to moderately radioactive shales at the base of La~
Luna formation of Cretaceous age is apparently widely distributed in the
western part of the State of Zulia. The radiocactive zone is 4.5 feet
(1.4 meters) thick in the Quebrada La Luna, and 20 feet (6.1 meters) thick
in the Mara field. The range in radiocactivity of the samples taken within
the zone is from less than 0.001 to 0,030 percent uranium. The wide range
in radicactivity from bed to bed within the zone make an average figure
difficult to calculate but it may approach 0.006 percent, equivalent uranium,
and 0,005 percent uranium. This compares to a figure of about 0.0l per-
cent equivalent uranium determined as the maximum radiocactivity from gamma-
ray logs of the radiocactive zone., Because of its sedimentary origin and
the uniformity of the Cretaceous formations in the region, the bed is
probably fairly continuocus within this part of the Maracaibo basin, although
more study is required to demonstrate this supposition,

Further study should be made of both surface exposures and of sub-
surface cores and gamma-ray logs to determine lateral extent, thickness,
and grade, Parts of the horizon may be discovered that are more highly
radioactive. In the study it would be highly desirable to determine the
radiocactivity and uranium content of the crude oil derived from La Luna
formation, Additional petrologic, chemical, and spectrographic study of
samples would be desirable to determine the radicactive element and its
relationship with other rock components, especially carbonate, carbon, and
phosphate, as well as the trace metal content.
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Toas Island, northern part of the State of Zulia

Toas Island, in northern Zulia, was included on the agenda of in-
vestigations for rﬁgioactivity because many of the rocks in the nearly
inaccessible Perija Range of western Zulia are well exposed at Toas,
The island may be reached by launch from San Rafaél de Mojan, a village
43 kilometers north of Maracaibo., Our examination on October 4, 1951
consisted in radiometric traverses of rocks thought to be of interest.
Toas is a small island about 6 kilometers long and 1 1/2 kilometers
wide, the long axis of which trends eastward. The maximum relief is
115 meters, in contrast to the surrounding flat tidal lands. The
island has been studied by many geologists, but so far as is known, no
detailed geologic reports have been published, [Rivero, (48), Dusenbery
and Mas Vall, (h9)], although Liddle (23) describes some of the geologic
features,

Geology

The rocks forming the island of Toas range in age from pre-Permo-
Pennsylvanian to Recent, and consist of both igneous and sedimentary
rocks., Granite, intruded by rhyolite and basalt dikes, of unknown but
pre-Permmo-Pennsylvanian age occupies the low-lying long axis, and the
entire eastern end of the island (fig. 13). The granite is flanked to
the north and south by small hills formed of sedimentary rocks of
Permo-Pennsylvanian and younger age.

The granite, where observed, is a weathered friable rock composed
of equigranular grains of quartz, orthoclase, and biotite in approximately
equal proportions. The grains average about a quarter of an inch in dia-
meter, The orthoclase is in part fresh ahd but’'little kaolinized, whereas
the biotite has been largely converted to vemmiculite. Magnetite; hematite,
zircon, and perhaps other heavy minerals are accessory constituents as at-
tested by thin films of black sand 'in gullies traversing the granite, Dikes
of white, fine-grained rhyolite (?), and dark brown-weathering, black basalt
(?) intruded into the granite are abundant east of El Toro (fig. 13).

Unconformably overlying the granite are a series of sedimentary rocks,
listed below in order of decreasing age:

_Age Formation
Permo-Pennsylvanian Palmarito (red beds)
Lower Cretaceous Rio Negro (red beds)
Lower to middle Cretaceous Cogollo (1imestone)
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Age . Formation
7
Upper Cretaceous Colén (shale)

Guasare (shale)

Eocene

Eocene Orocual (or Marcelina)
Eocene Las Flores (shale)
Recent Alluvium (and sand)

A small fault sliver of La Luna limestone (mid-Cretaceous) has been
removed by quarrying.

The Palmarito formation, where observed, consists of indistinct beds
of maroon to pink grit, conglomerate, and silt. Copper stains have been
reported [Liddle (23), p. 223, Dallmus (302], but some of the green stains
observed may be the aluminum hydroxide, wavellite.

The Rio Negro formation, also of the "red bed" type, where observed,
consists of pale pink to red arkose and shale. Exposures were too poor
to observe bedding.

The Cogollo formation consists of massive dense gray-brown limestone,
in part highly fossiliferous, Where traversed, the rock is fractured, and
the fractures filled with white calcite.

’ ) ;

The Colon, Guasare, and Orocual or Marcelina formations were not ex-
amined, as better and more typical exposures were said to be more readily
accessible elsewhere,

Las Flores formation, where examined near the Toparc cement and tile
plant \Alfarerla, fig. 13) is a platy brown, maroon, or gray-green shale
in fault contact with limestone of the Cogollo formation.

Structurally, the island is essentially a breached anticline or fan
fold whose axis coincides with the island's topographic axis. The structur-
al simplicity is complicated by steeply dipping strike and cross faults, of
which there are more than those shown on figure 13. The strike faults,
(those trending essentially eastward) may be subsidiary to the Ocoa fault
zone that marks the northern limit of Cretaceous rocks in northern Zulia.

Radioactivity

A radiometric traverse was made from Taparo to Cerro Palmitas and is
alsc shown on figure 13. The radicactivity of the sedimentary rocks is
low, ranging from 1 to 2; averaging 1.5 (B) in the Cogollo and Rio Negro
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formations and between 1 and 4; averaging 2.5 (B) in the Palmarito for-
mation. As was to be expected, the radicactivity of the granite is
somewhat greater than that of the sedimentary rocks, ranging from 2 to 5.5;
averaging 3.5 scale divisions (Beta and gamma). The radioactivity of the
rhyolite is 1 = 335 1. 1.5 (B), and that of the basalt, 0 - 23 0.75 (B). Al-
though no abnormal radioactivity was detected,; one sample was taken of
black sand derived from the granite (point A, fig. 13) for laboratory study.
The sample, analyzed in the Caracas office D1r°P01dh Téenica de Geologﬂag
contains 0,013 percent equivalent uranium. A heavy-mineral fraction ex-
amined microscopically, contains abundant magnetite, hematite, zircon, and
sparse garnet.

Conclusions and recommendations

The rocks examined radiometrically on Toas Island, granite, rhyolite(?),
basalt (?); the Palmarito, Rio Negro, Cogollo, Las Flores formations, and
alluvium are not appreciably radiocactive. Although black sands derived from
the granitic rock are moderately radicactive, the sands are thought to re-
present the normal accessory minerals commonly present in granitic rocks and
no additional search for radicactive material in the area is believed to be
warranted. In so far as the rocks on Toas Island are representative of the
same rocks in the Perlja Range, the same negative conclusion can be reached
regarding the merit of further btudy of the Perlgao

Beach sands of Maracaibo, State of Zulia

While in Maracalbo State of Zulia, we attempted, unsuccessfully, to
contact Dr. Pedro Guzman who, in a letter reported the occurrence of
pitchblende and monazite sand from Lake Maracaibo.

We examined several localities along the lake shore both north of, with-
in; and south of the city of Maracaibo (fig. 2), and took samples of micaceous
dark sand at Point Agua Dulce., No abnormal radioactivity was detected in the
field; and the sample, analyzed radiometrically in Caracas, contains only
0,002 percent equivalent uranium,

It is recommended that the exact location of the sards reported by Dr.
Guzmén be obtained and more samples taken for analysis.

Mene Grande (Big 0il Seep), State of Zulia

) Because of the pOSSWblllty that o0il may be a carrier of uranium [Gott
§A7i] the Mene Grande (Big 0il Seep), in southeastern Zulia was examined
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radiometrically on October 2, 1951, The Mene Grande marks the site of
the first major oil field in Venezuela that was brought into production
in 1914 by the Shell Company (now Shell Caribbean Petroleum Company) (46).
The field, on the southeast side of Lake Maracaibo (fig. 2), is in the
State of Zulia, and the seeps are on and around a low hill just east of
the road.

The geology of the area has been reported by many geologists, among
them Sutton (44) and Liddle (23). Perhaps the most comprehensive dis-
cussion is that of the Shell Caribbean Petroleum Company (46), and the
most recent condensed account, that by Mencher, et al. (50).

Geology and radioactivity

The Mene Grande oil field is on the south-plunging Misoa (or Mene
Grande) anticline, which is bordered on the west by a well-developed zone
of faulting. From north to south, therefore, the rocks exposed on the
crest and immediate flanks of the anticline are progressively younger;
they comprise, in order of decreasing age,the Misoa-Trujillo, Pau31 and
Mene Qrande formations of middle Eocene age; the uncomformably overlying
Isnotu and Sanalejos formations of probable Miocene age; and Pleistocene
and Recent unconsolidated sediments. The Miocene rocks, in places, lie
directly on the lower part of ‘the Eocene Pauji formation, and it is thought
(46, po 578) that the oil probably originated in Eocene rocks and rises to
the surface through the permeable beds sbeove or along the unconfomity,

The oil seeps, therefore, are found in the Miocene rocks exposed on
and around a low hill ( Mene Grande hill) on the crest of the Misoa anti-
cline, Liddle (23, pp. 596-597) states that there are "....hundreds of
asphalt cones btuilt up by surface seepages of asphaltic oil., These
asphaltic cones, which vary in size from a few inches to 50 feet in dia-
meter at the base, and up to six to eight feet in height, are actively
flowing by headsy the oil thus brought to the surface gradually loses its
lighter constituents, building up cones and surface flows along the hill-
side, forming a covering for the entire hill." At the time of our ex-
amination, however, most of the top of the hill had been bulldozed of f for
a mess hall and parking area, although there were many active seeps a few
centimeters in diameter. The rock appeared to be a conglomerate or breccia
of yellowish friable sandstone in tar matrix. On the western end of the
hill, and in the flat southwest of it at the site of old well-14 (P-203),
two active cones were observed; the cone at well 14 is about 5 feet high
and, at its base, 20 feet in diameter,

Radiometric examinations were made on the top of the hill, around its
flank, and at the two cones, but no rise in counting rate was observed, the
radi oactivity ranging from 1 to 2.5, and averaging 1.7 scale divisions (G)
which is normal background. It is concluded, therefore, that the oil of
the Mene Grande field is not appreciably radioactive.
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The Venezuelan Andes, States of Trujillo, Mé}ida, and Tdchira

Abstract

A radiometric reconnaissance was made in the Andean States of Trujillo,
Mer;das and T{chira in October 1951. Data were obtained during the recon-
naissance that illustrate the pronounced increase in normal counting rate
with increase in altitude. Radiometric data were obtained for many of the
rocks exposed.

Rocks of the following groups of formations were examined radiomet-
ricallys Iglesias group (pre-Cambrian?); Mucuchach1 group (Devonian?);
La Quinta formation (Tria-Jurassic); The Tomoh, Cogollo, La Luna, and Mito
Juan formations (Cretaceous), and the Angostura and Omuquena formations
(Tewbgarv} Also examined were Pleistocene to Recent soils, saline lake
deposits, spring deposits, and waters.

Abnormal radloactlv1uy was observed in the uraniferous pegmatite in
Quarry no. 3 of Garm.en9 near Merida; in the salts, and spring waters from
which the salts evaporate at the thermal springs of Las Fuentes (Agua
Caliente) near Urena; and in a hand speCImen of sandstone impregnated with
secondary uranium minerals reported tc come from the rio Agaraveca near
La Grita.

Additional study is recommended of the cupriferous "red beds" of
La Quinta and the Tomén formations, especially if the deposit on the rio
Agaraveca is authenticated; of phosphatic shale beds in La Luna and the
Colén formations that in adjacent regions are uraniferous; and of the areas
of uraniferous pegmatites, to discover new pegmatites, and possibly radio-
active placer deposits derived from them.

Introduction

As part of the general search for radiocactive source material in
Venezuela, a brief general tour of the Andean region was made from
September 29 to October 19, 1951 (fig. 1). The objectives of this recon-
naissance were to obtain general radiometric data of some of the several
rock types exposed, and to observe the effects of altitude on the counting
rate of portable radiation meters; to examine some of the localities of
known radiocactivity; and to examine some of the rock types that offer some
possibility of containing radioactive deposits.

The Venezuelan Andes extend from Columbia about 350 kilometers
(210 miles) northeastward through the States of Tdchira, Mérida, and Trujillo,
and into Lara (fig. 1). Throughout this extent the Andes, above the 1000
meter (3250-foot) contour, average about 80 kilometers (48 miles) in width,
They reach a maximum altitude of 5007 meters (16,423 feet) at Pico Bolivar.

CONFIDENTIAL



CONFIDENTIAL
Sk

The Andes are drained by streams that flow northwestward into Lake Maracaibo,
or southeastward into the Apure, Arauca, and other tributaries of the
Orinoco, although some of the streams flow down the axis of the mountain
mass before changing course, and have carved deep canyons. In the Merida
reglon the mountains northwest of the Chama river are called La Sierra del
Norte (or de Culata) and those southeast of the Chama are known as the
Mérida Andes. The streams head in each case 1n high nodes called Paramos,
which are from southwest to northeast: the Piramo del Zumbador that separates
the Torbes and La Grifa river valleys; Paramo La Negra that sep%yates La
Grita from the Mucuties and Ghama rivers; and the Paramo Mucuchies that
separates the Chama, the Mototdn, and the Santo Domingo Hiver systems.

Access to the Andean region is by the Simdn Bolivar highway that was laid
out along these main rivers and over the dividing Piramos. Localities
examined radiometrically are shown on figure 2.

Principal references to the general geology of, the Venezuelan Andes
are the papers by Christ (51), Kehrer .(27), (52), Kundig (53), Oppenheim (54),
(55), Liddle (23), Gonzdlez de Juana (56), and Mencher et al. (50). The
work of these geologists has been of the reconnaissance or compilation type,
although scme geologic sections have been measured.

General geology

The formations in the Venezuelan Andes (fig. 2) range in age from pre-
Cambrian to Recent (Chart 1, columns E, G), and comprise granitic rocks,
basic sills, pegmatites, gneisses, schlstsg quartzites, phyllites, slates,
sandstones, limestones, shales, terrace gravels, and alluvium. In general,
the eroded core of the Andes is composed of crystalline metamorphic and
granitic rocks, the Iglesias group, of pre-Ordovician and probable pre-
Cambrian age. Unconformably overlying this group lie younger Paleozoic
formations. Unmetamorphosed sediments of Jurassic (?) to Recent age lie
upon the eroded Paleozolc and older rocks along the flanks of the Andes and
over its axis in the Tathira depression near Colombia. All rocks have been
folded and faulted, with the direction of thrust apparently from the north-
west quadrant.

Paleozoic rocks are exposed in several places but their interrelation-
ships are poorly known at best. Among them are the Caparo formation known
to be of Ordovician age, the Mucuchachi” (Momboy) group whose age is pre-
Carboniferous and post-Ordovician--possibly pre-dominantly Devonian, the
Sabaneta formation and its correlative, the Mérida formation of upper
Carboniferous age, and the Palmarito formation of Permian age. With the
unexplained exception of the Caparo formation, all are regionally metamor-
phosed to greater or lesser degrees, and all have apparently been intruded
by granitic sills, dikes, and stocks, with some consequent migmatization.
The relation and age-of the various intrusive masses are obscure.
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Mesozoic and Cenozoic rocks form a nearly uninterrupted succession,
the base of which is La Quinta formation of Triassic-Jurassic age; followed
by the Tomdﬁg Cogollo, La Luna, and Mito Juan formations of Cretaceous age.
Basic sills and dikes inject La Qulnba formation; and some of the Andean
grdn.tes have been described by Kundigs (53, pp. 37,38) as lntru31ve into
the Tomon formation. Rocks of Tertiary age exposed in the T4chira depression
and in the Trujillo area include the Angostura, Mirador, Omuquena and
Lobaterita formations of Eocene age, and tke overlying Betijoque group that
includes formations of Oligocene to Pliocene age. Extensive terrace
deposits of Pleistocene age border the principal rivers, and Quaternary
alluvium fills some of the broad valleys.

All the rocks in the Venezuelan Andes have been folded and faulted
during several geclogic periods. Apparently the most intense period of
deformation was at the close of the Paleozoic (Hercynian orogeny), for the
Mesozoic rocks are folded and faulted less than the Paleozoic, and the
Cenozoic rocks least of all. The direction of stress in all periods probably
was predominantly from the northwest or west as shown by the north to north-
east trace of faults and axial planes of fclds.

As prospective host rocks for uranium, the most important are the
terrestrlal cupriferous sandstones and conglomerates at the base of the
Tomdn formation s the phosphatic beds of La Luna formation, and the granitic
intrusions with their associated uranium-bearing pegmatites. There have
been only a few discoveries of metalliferous vein deposits in the Venezuelan
Andes; and none of economic significance. In the sections that follow, the
radiometric observations made of these and other rocks in the Andean States
of Trujillo, Méfida, and Tdchira will be discussed.

Radiometric observations in the State of Trujillo

In the State of Trujille (fig. 9) the following rocks were examined
for radloactlv1 ty: a black slate near Guarico; Tertiary rocks along the
Bocono” river south of Bocond; Paleozoic igrneous and metamorphlc rocks and
Mesozoic sedimentary rocks along the road from Bocond to the town of,
Trujillo; and granitic and metamorphic rocks from La Puerta to the Merida
state line.

Along the road between Guarico and Boconélis a persigpent black thin-
bedded carbonaceous slate that may be a member of the Tomon or Mito Juan
formation of Cretaceous age, or may be part of the undifferentiated metamor-
phic rocks of probable Paleozoic age_ (fig. 9). In any event, the rock is
not appreciably radiocactive, 0 - 25 1 (G).

A radiometric traverse was made down the Bocono river from Bocono in
an attempt to reach the gorge of the river where cupriferous conglomerate
and sandstone of La Quinta formation has been reported by Dallmus (30).
Although the gorge was not reached in 4% miles, radiometric observations
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were made in the gray shales, brown sandstones, and sparse limestone beds
of Tertiary age that are exposed along the trail. None were detectably
radiocactive,

Along the road from Bocono/te the town of Trujillo (fig. 9), numerous
radiometric observations were made in undifferentiated gneiss, schist, and
the intruded granite and pegmatites that may be part of the Iglesias series
of pre=0rd0v1clan age; in the gray phyllites, slates, and quartzites of
the Mucuchachi’ formation that may be of Devonian age; in the red sandstones
and conglomerates of La Quinta formation of Tria-=Jurassic age, and im buff
sandstones of the Tomdn formation of Cretaceous age. None of these rocks
are appreciably radioactive, the range in radicactivity observed was from
1 to 3 scale divisions; and the average 2, (gamma, or gamma-beta), From 3
to 7 kilometers above Bocono’ some small sample granite pegmatites contain
conSLderable feldspar and muscovite, and in these the radioactivity was

= L4 3 (G, B), the slightly increased average probably owing to the
radloac ive isotope pota831ummh0 Copper staining was not observed in either
La Quinta or the Tomon sandstones, although the basal beds of La Quinta
were probably not exposed, or were missing because of faulting.

From La Puerta to the Trujillo state line, several radiometric obser-
vations were made of granite exposed in the road cuts. The rock is a faintly
banded orthoclase-biotite~quartz granite porphyry containing scme orthoclase
phenocrysts as much as 1 inch on an edge, and some muscovite. The radio-
activity was not appreciable, 0 - 2.5; 1.5 (G, B).

Radiometric observations in the State of Mé%ida

In the State of Merida radiometric observations (fl,g° 14) were made of
granite, of quartzite and black slate of th@ Mucuchachi’ (?) formation between
the Trugillo State line and Pico Agulla of the uraniferous pegmatites at
the Carmén quarries near the city of Merida, of the trona and gaylussite
at Lake Lagunillas; of granite near Tovar, and of gneiss in the Paramo
Mucuchies.

¢
Between the Mé}ida state line and Pico Aguilla

From the Trujillc state line to Pico Agullag one ascends from 4,500
feet (1,372 meters) to an altitude of 13,383 feet (4,081 meters), and
traverses granite, alluvium, and phyllite of the Mucuchachi’formation.

Radiometric data were taken at increasing altitudes here, and elsewhere
in the Andean region,with a portable Berkeley scale-of-eight Geiger counter
to cobserve the effects of altitude, and increase in cosmic ray activity, on
the normal counting rate. Factors to be evaluated before a correction for
cosmic radiation could be applied to any radiometric observation, made at
any altitude, are the geometry of the site and the accuracy of the obser-
vation. Clearly, in a partially protected position in a canyon, the
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instrument would be less affected by the cascade effects of cosmic radiation
than in a2 more exposed position. In each case the observations tabulated
below (table 5) were made with the Geiger-Muller probe in the air at the
outside edge of the road. Each point is an average of three or more obser-
vations. The general level of radiocactivity caused only by the rock, is,

of eccurse, variable but between the points on the graph would probably

range only between 50 = 60 counts per minute,

The pegmatite quarries of Carmén

The pegmatite quarries of Carmén are about 4 kilometers northeast of
Merida via the Trans-Andean highway. Pitchblende specimens from these
pegmatites were the first described in Venezuela, by Davey (2, 38). The
deposits have been examined for their uranium potentialities by Davey /
(2, 38), Worcester (12), Larson (13), Schwarck Anglade (5), and by Galavis
and Dengo (57), and for their mica and beryl potentialities by Lépez,
Aguerrevere, and Davey (4). Accordingly, a detailed examination by the
writers was not considered necessary, but a brief examination was made
because of the widespread distribution of narrow pegmatite dikes in the
Andean region.

The observed pegmatite dikes of Carmen are irregular bodies that trend
in general northwestward, in fine-to medium-grained quartz—othoclase-biotite
granite or granite gneiss. The pegmatites are composed essentially of
quartz, orthoclase, albite (?), and muscovite with trace amounts of garnet,
schorlite, and pitchblende, although zircon, pyrite, and white beryl have
been reported by Vivas R. (58). In a muscovite bock in Quarry no. 3, we
found one cubic erystal of uraninite that measured 0.5 inches (1.2 centi-

eters) on an edge, and was coated with secondary uranium minerals. The
dlke in this quarry is about 13 feet (4 meters) wide at its widest point
and at least 30 feet (9+ meters) long; it trends N. 60° W,, dips about 40°
north and pinches out to the southeast. Examination with the radiation
meter showed a pronounced increase in radioactivity (as much as 10 scale
divisions, 2.0 millircentgen per hour sensitivity scale, (G), over the
pitchblende crystal, a slight increase (as much as 6, 0.2 pef hour sensitivity
scale, G and B) for about 3 feet along the northeast side of the pegmatite,
but no other detectable radiocactivity. The background level of radioactivity
at this locality and altitude (1,800 meters or 5,850 feet) was 1 - 33 2, (B).

Davey reports (385ppn15é,“155) that about 2 pounds of pitchblende had
been produced prior to avandonment in 1944, It is of geologic interest to
note that Davey (2) calculated the age of one specimen of pitchblende from
the Carmén quarry as 948,480,000 years or middle- upper- pre-Cambrian.

The lead/uranium ratio was used, following Holmes' method, with analyses
by the National Laboratory, Venezuela.

Other pegmatites that contain specimen amounts of one or more of the
uraniferous minerals pitchblende, columbite-=tantalite, autunite-torbernite,
or calcio-carnotite are those near Timotes Zﬁévey, (2), and (38), Worcester,
(12), larson, (13), Schwarck Anglade, (5), Galavis and Dengo, (57), Lopes,
et al., (4) /
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A few more pounds of pitchblende might be produced from the quarries
of Ga;gen, but the writers concur with Worcester, Larson, Schwarck Anglade,
Galavis and Dengo that here, as in most other pegmatites in the world, no
significant quantity of uranium is available.

Lagunillas , Lake

Lagunillas Lake (fig. 14) is on the northwest outskirts of the town
of Lagunillas. The shallow lake is in terrace deposits of Pleistocene age
at the foot of the Sierra de Culata. Gaylussite (CaCo NagCOz - 0),
trona (urao) NapCO3 . Na H CO3 . 2H,0) and natron (?) %N32C03. . 10 H20§
are precipitated from the strongly alkaline water along the shores, in
artificial tanks and ponds, and in beds at the bottom of the lake [fbavey
(38), pp. 156=157/. The salts may be derived from basic rocks injected in
basal La Quinta formation a few miles to the west. Radiometric observations
were made of the water, the shore mud, of the salt incrustation along the
edge of the lake and in evaporation ’c.a.nks‘9 as well as of the mother liquor
in the brine tanks. The radiocactivity was O = 3; 1 (B,G), and therefore
the materials tested are not detectably radioactive.

Tovar-Zea road

The road from Tovar to Zea crosses a granitic stock (fig. 1l4), the
Tovar massif; that intrudes schist and gneiss and is probably part of the
Iglesias group. The rock observed is a medium-grained porphyritic to
equigranular quartz-orthoclase-biotite granite containing orthoclase
phenccrysts as much as half an inch on an edge and some epidote and quartz—
feldspar dikelets. OSome xenoliths of green chlorite-muscovite schist were
observed in the foliated granite. The radiocactivity observed in four places
ranged from 1 to 5 scale divisions and averaged 2.5, G, B, on the most
sensitive scale., The rock is therefore not appreciably radiocactive, nor is
the alluvium that is composed largely of decomposed granite, at the southern
outskirts of Tovar,

/ : 7
Paramo Mucuchies

7
On the pass between Mucuchies and Santo Domingo, radiometric observations
were made of the granite gneiss and pegmatitic dikelets of the Iglesias
group (?). The observations made with the Berkeley scale-of-eight Geiger
counter averaged 93 counts per minute which would appear to indicate no
abnormal radioactivity at this altitude of 11,920 feet (3,667 meters),

/
Las Tapias

Another area in Mérida that has previously been examined radiometrically
by Schwarck Anglade (ll) and Larson (13) and was not examined by the writers,
is the area of Las Tapias near Bailadores (fig. 14). Here, thin stringer
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veinlets containing galena and chalcopyrite that are of no apparent economic
significance, are not detectably radiocactive (11, 13).

Vs
Radiometric observations in the State of Tachira

/
Radiometric obsegvations were made in the State of Tachira along road
cuts in the San Cristobal area, at the springs of Las Fuentes (Agua Caliente)
near Urena, and in the Seboruco-La Grita area (fig. 15).

San Cristébal area

From the Péramo Zumbador southward, the Paleozoic and pre-Paleozoic
erystalline and low-grade metamorphic rocks that comprise the core of the
Andes are completely covered by Cenozoic and Mesczoic sedimentary rocks,
and the altitude of the ground surface concomitantly drops from over 3,000
to less than 1,000 meters into what is known as the Tachira depression.

La Quinta and the Tomdn formations of Tria=Jurassic, and lower Cretaceous
age, ggspectivelyg were examined near Michelena (fig. 15, no. 1), and near
the Pdramo Zumbador (fig. 15, no. 2).

Near Michelena.--Near Michelena, La Quinta formation (Tria-Jurassic) is in
fault contact with the steeply dipping Angostura (Eocene) formation and
about 800 feet of the basal part of La Quinta are probably missing according
to Vivas R. (58). La Quinta formation is here a dull red thin-bedded
micaceous, sandy, argillaceous siltstone. The radiocactivity ranged from

1 to 2.5; and averaged 1.75 meter units, (B), and the rock is thus not
detectably radioactive. The Angostura formation here consists of platy
shale with subordinate beds of buff calcarecus sandstone and bituminous
coal. The coal bed is 2 feet (0,6 meter) thick, and evenly-bedded, with
pyrite and sulfur (?) along numerous fracture surfaces. The radicactivity
of the coal was 1 = 33 2 (B), and may be considered negligible.

Near the Pé}amo Zumbador ,—=Near the Paramo Zumbador (fig. 15, no, 2) La Quinta
formation is in normal contact with the overlying Tomdn formation (Cretaceous).
The beds strike North, and dip about 20°W. The upper part of La Quinta
formation is here a reddish silty clay, and is deeply weathered. The over-
lying Tomén formation consists of white friable to moderately silicified
gravel and conglomerate composed largely of rounded quartz pebbles, The

rock is colored reddish by staining from the topographically higher red

beds of La Quinta formation. The radiocactivity of the Tomég_formation wWas
found to be 1 = 25 1.5 (B), and that of La Quinta, 2 = 4; 2.5. The rock

of both formations is, therefore, not appreciably radicactive here.

ILa Luna formation of Cretaceous age, that in the Ghejendé’and western
Zulia regions contains uraniferous phosphatic shale beds near its top and
base, respectively, was examined near Palmira (fig. 15, no. 3), and west of
Independencia (fig. 15, no. 4).
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Near Palmira,--Near Palmira, along the road above La Blanca cement plant,
limestone is quarried from steeply dipping beds of the Cogello formation
that is here in normal conformable contact stratigraphically beneath La Luna
formation. The Cogollo formation, here, as elsewhere, is a dark gray highly
megafossiliferous recrystallized limestone. The contact with La Luna forma-
tion is gradational and marked by thin beds of dark brown calcareous silty
shale; some of which contain sparse fossil bone fragments and some of which
contain pellets or blebs of asphalt rimmed by white calcite. The lower part
of La Luna formation is composed of typical black dense shaly flaggy lime-
stone containing large concretions. The middle and upper part of the forma-
tion consists of bedded black chert that at least in part replaces both shale
and limestone beds. One bed 2 inches (5 centimeters) thick of buff bentonite
was observed at the base of the chert. The radioactivity of all the rocks
except the fossil bone beds was 1 = 2 1.5 5, and the radiocactivity of the
bone beds was 1 = 33 2. None of the rocks are, therefore, appreciably radio-
active. The reason for the lack of radicactivity in the basal beds of La
Luna formation in this region, and its presence in western Zulia is unknown,
but radioactive beds may have accumulated uninterruptedly in deeper or more
stagnant parts of the mid-Cretaceous sea, and nonradicactive beds may be
related to the silicification that produced chert.,

Coal beds in formations of Eocene age were examined on the road west
of Lobatera (fig. 15, no. 5), and on the road east of San Antonio (fig. 15,
no. 6).

Near Lobatera.--Across the canyon west of Lobatera near a mining camp
called Cazadero, coal is mined from the Omuquena formation of upper Eocene
age. The coal is in a sequence of brown shale and thin-bedded sandstone,
and appears to be a glossy black woody lignite. There are at least three
beds within a stratigraphic interval of about 15 feet (4.6 meters), the
lowermost of which is about 6.5 feet (2 meters) thick, and the two upper
beds from 6 inches to 18 inches (1.5 to 4.6 decimeters) thick. The radio-
activity of the coals ranged from 1 to 3 scale divisions and averaged 1.5
(B), and that of the intervening shale ranged from 1.5 to 3 scale divisions
and averaged 2, (B). These beds are, therefore, not appreciably radicactive.

East of San Antonio.—East of San Antonio (fig. 15, no. 6) the road is
cut in the Angostura formation ('Third coal! of older terminclogy) of lower
Eocene age exposing a series of steeply dipping, folded and faulted coal beds
that range from 2 inches (5 centimeters) to a foot (30.5 centimeters) in
thickness and that grade laterally into black carbonaceous shale. The radio-
activity of 1 - 3.5; 1.5 (G) is not appreciable.

Springs of Las Fuentes (Agua Caliente)

The small v1llage of Las Fuentes, (Agua Caliente) is about 2% kilometers
northeast of Urefa (fig. 15, no. 7) at the western base of the Andean foot-
hills and the eastern edge of the low-lying plains of Urefia. The springs
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have been investigatg@ chemically by Otero, Prado, and Gimehez (59), and
radiometrically by Cardenas (60).

The springs, of which about 12 are named (fig. 16), issue from the
face of a rubble-covered hill and flow into two quebradas before joining
the Quebrada Agua Caliente. The hill is capped by thick blocky quartzitic
sandstone that may be part of the Mirador formation of Eocene age according
to Vivas R, (58), but no published account of the geology of the area could
be found. The attitude of the thick sandstone bed is in general horizontal,
whereas, that of the gray-brown platy shale and intercalated sandstone beds
west of the springs are steeply inclined. Accordingly, the inference is
drawn that the springs are issuing either from a fault scarp, or from a
surface of unconformity. Older rocks (including La Luna and La Quinta
formations) undoubtedly underlie the region. The springs issue from a number
of small sources, and total flow is estimated Zﬁﬁerc and others, (59),

Po 1;27 to be about 1400 cubic meters (about 367,000 gallons) daily.

Otero, and'others, (idem.) divide the springs into two groups, one of
low temperature with a volume of about 100 cubic meters (about 26,000
gallons) daily, and another of higher temperature with a volume of about
1300 cubic meters (about 341,000 gallons) daily. The springs in Quebrada
Fria (fig. 16) are cold (59, p. 118) and nonradioactive (60), whereas the
warmer springs are radioactive. The highest temperature measured by Otero,
and others, was about 61° C (142° F) at Pringues, and the spring is also
the most radicactive. The chemical composition, pH, and temperature of
water samples from San Roque Spring and from Pringues by Oterc, and others,
(59, pp. 128, 129) tabulated below (table 6) show major ion components to
be calcium, sodium, sulfate, and bicarbonate.

Radiometric observations were made of the spring water, mud,; and the
salt-incrusted sandstone cobbles at all 5prings from San Rafael to Kerosenadas
(fig. 16). The springs Uso Domestico, the 50” spring south of it, Pringues,
and the 58° and 60° springs between Pringues and Kerosenadas are the only
ones that are radioactive. At the 50° spring south of Uso Domestico the
radicactivity of the water was 4 - 63 5 (B), but that of some of the white
salt was more than %0 (B). At Pringues, the radioactivity of the salt-
incrusted rocks below the sources of the springs was 25 (B), but the radio=-
activity gradually decreased as the counter was moved up to it; and at the
source of the springs, the radicactivity was not detectably above background.
The other springs, and the sandstone above the springs were not detectably
radioactive (0 = 23 1, B,G).

The radicactive salt incrustation, a soft botryoidal usually no more
than paper-thin layer, is dominantly white although some green tints caused
by moss and some black caused by manganese were observed. Specimens were
taken of the radiocactive white salt; and of radicactive wad. Under the
microscope the salt is seen to be composed of soft (hardness of 2 to 3),
colorless, platy crystals, some of which are stained with manganese oxides,
the presence of which was confirmed chemically. The salt where uncontaminated
does not effervesce in dilute (1 percent) HCl. The results of fluorescent
spot tests for uranium using sodium fluoride-potassium carbonate flux were
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Table 6.—Analyses of spring water, Las Fuentes (Agua Caliente), near Urena
by J. L. Prado /Otero and others, (59)/

Component San Roque Las Pringues
(milligrams/liter) (milligrams/liter)
1~ 11.8 12.1
I, B¢ Less than 0.02 mg/1t
F~ 0.2 0.2
804’ 37.2 9504
5203= 3.6 -
HS™ 15,0 L
H G 05" 150,0 167.0
3 Oh’ Less than 1 mg/lt
AsO; 5 NO5~  Less than 0,02 mg/1t
NO, 0.006 0.039
BOé’ 1.0 1.5
5104 27.2 29.4
Subtotal (Anions) 346.0 305.6
Na* 5204 42.0
Er 545 5.4
1a¥ Less than 0.005 mg/1t
ca*t 60.5 49.6
Mgt 8.0 5,0
Mn++ 0.3 0.3
(Fe, Al); 04 2,2 6.1
Zn Less than 1 mg/l1t
Subtutal (Cations) 128.9 108.4
Total (ions) Z?ZT§‘M 414.0
Total soluble salts
(to 100° @) 4L00.,2 331.5
Residue on burn 259.0 251.0
emiezature 2 &gélg 632?3 C
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negative. The radioactivity of two samples of sandstone incrusted by the
salt was 0.05% and 0.054 percent equivalent uranium by beta~gamma radia-
tion, but only 0.014 and 0.012 percent equivalent uranium by gamma-radia-
tion alone. A thin iron shield was used to screen out beta particles..-
For comparison, a sample of radioactive salt, incrusting schist from lae
Trincheras, examined radiometrically in the same manner, contained 0.049
percent equivalent uranium (beta-gamma), and 0.014 perceant equivalent
uranium (gamma).

Inasmach as the uranium spot tests were negative, and the gamma
radiation is about the same as that of salts from Las Trincheras that
were analyzed chemically and found to contain appreciable thorium and
practically no uranium, it is concluded that the radioactivity of the salt
at Agua Caliente is also caused by thorium., Accordingly the area is prob-
ably not a favorable one inm which to look for uranium deposits. :

Seboruco-~La Grita area

la Grita is in the center of a long belt of outcrops of Paleozoic
slates and phyllites of the Mucuchachi’formation (fig. 15) that are flanked
by Tria~Jurassic red beds and conglomerates (la Quinta formation) and over-
lying Cretaceous sandstones and limestones (Tomoﬁ9 Cogollo, La Luna forma-
tions, etec.). Small amounts of copper have been mined from the Tomén and
la Quinta formations since colonial times (1800's) according to Gonzdlesz,
M. (62). Radimetric observations were made of the basal beds of La Quinta
formation and of the underlying Mucuchachi-formation southwest of La Grita.
(fig. 15, no. 8), and of three of the small copper deposits in the basal
beds of the Tomdn formation near Seboruce (fig. 15, mno. 9).

Near la Grita.-—About 3 kilometers southwest of La Grita (fig. 15,
no. 8), La Quinta formation rests unconformably upon the Mucuchachi’ forma—
tion, This locality is within a kilometer of the type section of La
Quinta formation described by Kundig (53, pp. 32,33). Where observed, the
Mucuchachi” consists of green schist and phyllite that contain partly
chloritized garnet crystals. The rock in the upper 20 feet (6 meters) is
deeply weathered and stained red by solutions derived from the overlying
red beds. The contact is a zone 5 feet (1.5 meters) thick in which large
blocks of phyllite are embedded, or partly separated by red sand and silt.
The basal 50 feet (15 meters) of La Quinta formation is a maroon coarse-
grained sandstone, composed of grains and a few pebbles of phyllite,
quartz, biotite, and sparse feldspar in a silty clay matrix. The radio=-
Gctivity observed ranged from 1 $0 3 scale divisions and averaged 2 (G),
and the rock, therefore, is not detectably radicactive. No stains of
secondary copper minerals were cbserved.

Near Sevoruco.--Near Seboruce (figa 15, no. 9), about 13 kilometers
southwest of La Grita, copper mimerals im the basal beds of the Tomén
formation (lower Cretaceous) have been described by Grenouillet (61).
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The beds of the conformable Tomdn and lLa Quinta formations strike im
general eastward to N, 70° E, and dip from 40° to more than 60° north to
northeast. The beds in most places are obscured by thick grass and low
shrubs, but crop out in stream valleys and elsewhere, if quartzitie. Of
the several areas mineralized with copper minerals, three in Quebrada La
Mina were examined (fig. 17, no's. 1, 2, and 3).

The deposits examined are much alike and resemble many of the sedi-
mentary copper deposite in the Colorade Plateau area of the United States
of America. The secondary copper minerals chalcanthite, azurite, and
some malachite, are interstitial or coat quartz pebbles and stain fracture
surfaces of conglomerate in the Tomdn formation from O to 3.5 feet (1
meter) above La Quinta formation., Grencuillet reports (61), however, that
copper minerals have been found in La Quinta and, in the Tomdn, as mxch
as 60 meters (200 feet) above its base. The mineralized zones are from
6 to 20 feet long (1.5 to 6 meters), and from a knife edge to about 3.5
feet ( 1 meter) thick., Although they appear to be limited vertically
by cross-bedded less porous conglomerates or sandstone, the third dimen-
sion is unknown. About 30 percemt of the conglomerate is rounded pebbles
of vein quartz, and the rest is finer grains of quarts and feldspar and
silica cement. & few fragments of carbonized wood were observed. The
rock is porous, hut the porosity may be caused by fracturing. The copper
minerals appear tc be deposited from ground water traversing permeable
beds and are definitely epigenetic. The deposits were examined closely
with the Geiger counter but the radicactivity observed was only 1 - 33
2 (B,6), and thus no% appreciable.

Grenouillet (61) observed bornite im some of the deposits, and it
would be of interest to examine scme of this "primary" sulfide radio-
metrically. Ore samples obtained by Vivas R. (58) in a detailed sampling
project for copper in La Quinta and the Tomdn formations in the Seboruco-
la Grita area should be analyzed radiometrically. Some of this radio-
metric work has been done in the Caracas office by Sharp and Antonio
Cardenas but no samples containing more than 0.004 percent eguivalent
uranium have so far been found. Ore samples, however, are not at present
available,

In Ia Grita, a specimen of fine-grained sandstone coated with tabular-
crystals of & yellow secondary uranium mineral that resembles schroeck-
ingerite or autunite was shown the writers by the collector, Dr. V. S.
Paulik. Dr. Paulik, who has been prospecting for copper, lead, and silver
in the Seboruco-La Grita~El Cobre area, states that the specimen is from
a lens about l-inch (2.5 centimeters) thick and 20 meters (66 feet) long
that occcurs beiween sandetone and shale on the Agaraveca River, about 8
to 10 kilometers southwest of Seboruco., Lack of time prevented our examin-
ing the deposit as it is about 3 days distant by horseback from la Grita,
but it was strongly recommended in a memorandum to Dr., Schwarck Anglade
dated October 26, 1951, that the locality be examined by members of the
Direccidn Técnica de Geologf{a, stationed in la Grita or Mérida.
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Summary and conclusions

Radiometric observations were made at several places and of various
rock types in the zpnezualan Andes from the State of Trujillo southwest
to the State of Tachira, but radioactive minerals were cbserved only in
the pegmatite quarry of Carmeén near Merida at the hot springs near Ureta,
and in a hand specimen of sandstone from the Agaraveca River south of
Seboruco., The other rocks examined were not appreciably radioactive al-
though the increased counting rate, attributable to greater cosmic ray
activity in higher altitudes, makes radiometric work difficult.

Three rock types seen merit additional study in the Andes: the peg-
matites; "fish bone" beds in la Luna formation; and the base metal-bearing
conglomerate and sandstone of La Quinta and the Tondn formations. Of
these three rock types, pegmatite is regarded as economically the least
important, but additional search for uranium minerals in pegmatites as
well as in placers derived from them certainly should be made in any
geologic work done in the future. Between the Ghejende area, State of
Trujillo or the western Zulia area, and the Tachira area, the radioactive
“figh bone" beds or "light" shale appear to disappear. It would be advis-
able to trace the radioactivé beds in the field as far as possible from
Zulia and from Trujillo, with the hope that areas of greater radicactivity
might be discovered. With this in mind, isopach and lithofacies maps of
La Tnna formation might also be of considerable use.

If verified in the field, the discovery of secondary uranium deposits
in sandstone in such favorable terrain as the area covered by the Tomon
and La Quinta formations would be of considerable significance. The forma-
tions of continental origim resemble some of the continental formations
of about the same age in the United States of America from which both
secondary and primary ores of uranium are being exploited. The presence
of either schroeckingerite or autunite suggests that concealed deposits of
primary uranium minerals may be nearby. Such deposits in the United States
of America are relatively small, but of fairly high-grade. Accordingly, 1%
is recommended that a systematic examination of all known areas containing
copper, lead, or silver mineralization in these formations be started.

Chemical analyses of the radiometric salt from the spring of Agua
Caliente near Urefla should be made, but if the radiocactive element is
found to be thorium, as is suspected, more study of the area as a potential
source of uranium is not warranted.
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’
The State of Bolivar and the Territory Delta Amacuro

Abstract

A radiometric reconnaissance was made in the State of Bolf;ar and
at one lacq;ity in Territory Delta Amacuro in November 1951, Between
Ciudad Bolivar and El Dorado, in addition to examining individual local-
ities, a continuous record of gamma-ray activity was made along the roads
traversed, by means of special radiometric equipment of high counting
rate, During the reconnaissance the following rock types were examined:
1), felsic and mafic rocks of the basement complex (Archean?);

2), quartzite of the Imataca series (lower Paleozoic?, Archean?);

3), mafic volcanic rocks of the Pastors series (Cretaceous?);

h), sedimentary rocks and iptrusive sills of the Roraima series
(Cretaceous?).. In addition, seil and alluvium of Pleistocene to Recent
age were examined, as were some gold-quartz veins, some gold- and
diamond-bearing placers, and some manganese and hematite deposits.

Radioactive minerals were found in porphyritic facies of banded
gneiss (migmatite) of the basement complex, or in placer sands derived
from them at seven separate localities along the northern edge of the
Brazilian shield; radicactive minerals were also found in detrital black
sand beds in the basal part of the Roraima series at Peraitepuy., Samples
of these materials contain from 0.005 to 0.73 percent equivalent uranium
although it is suspected that most of the radicactivity may be caused by
thorium, The basic igneous rocks examined are practically devoid of
radicactivity,

Additional study is warranted of the more felsic rocks of the base-
ment complex, especially of the radicactive gneiss; of the basal beds of
the Reraims series in search of both heavy mineral concentrations and”
uranium deposits of the "red bed" type; and of the gold and diamond
placer deposits, Other gold-quartz deposits might also be studied.
Where possible in the study it is recommended that isoradicactivity maps
be compiled by means of carborne radiometric equipment., It is probable
that the mafic igneous rocks of the region can safely be disregarded in
future radiometric work,

Introduction

As part of the gemeral search for uranium deposits in Venezuela, a
brief tour of the State of Bolivar, and of a small part of the Territory
Delta Amacuro was wade in November 1951 (figs. 1, 2). Areas between
Ciudad Bolivar and El Dorado in the State of B@liéar were reached by
Jeep (fig. 18)9 areas south of E1l Dorado in the Gran Sabana were visited
by airplane, and the one area examined in Territory Delta Amacuro was
reached by air, boat, and foot (fig. 2).
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The entire region of Venezuela south of the Orinoco river (fig. 1) is
divided politically into the Territory Delta Amacuro, the State of Bolf%arg
and the Territory Amazonas, This region is divided topographically into
the low grass and scrub-covered peneplains of the northern part of the
State of Boli@ar, the low-lying jungles or "selva" of the Territories of
Amazonas and Delta Amacuro, and the high broad valley, savannah, and mesa
uplands of the Gran Sabana that extends from the southeast corner of
Venezuela southwestward into Territory Amazonas, northeastward into British
Guiana, and southward for a relatively short distance into Brazil. The
area is limited to the north and west by the great arc of the Orinoco
river, into which drain subsidiary streams thet head in the Gran Sabana,

Access to this vast sparsely populated frontier region of over 450,000
square kilometers, except for a few roads in the northern rim, is by air-
plane, boat, or foot,

Principal references to the geology of the region are the papers by
Tate and Hitchcock (6})9 Tate (64), Zuloaga (65), Zuloaga and Tello B,
(66), Aguerrevere, Ldpez, Delgado, and Freeman (67), Ldpez, Davey, and
Rfbio (68), Lpez, Mencher, and Brineman (69), and Liddle (23). In addition
to these published accounts, current reports of local and general geolo
by Dengo, and others (70) are on file in the Direccidn Técnica de Geologfz°

General geology

Geologically the region constitutes the northern part of the Brazilian
Shield whose extreme northern and western limits of outcrop are neatly
bounded by the Orimoco river (fig. 2). North of the Orinoco the rocks of
the shield are overlain by sedimentary rocks of Tertiary age. The rocks
of the Brazilian shield, exposed in the State of Bolivar and in Territory
Delte Amacurc, range in age from pre-Cambrian (?) to Recent and consist of
three general groups: 1) the old granitic gneissose and schistose rocks
of the basement complex, associated felsic and mafic intrusives and meta-
sedimentary rocks (Imataca formation); 2) an overlying younger series of
sandstone, quartzite, shale, tuffs, and associated mafic intrusives (Roraima
or Kaiturian, and Pastora series)g and 3) Pleistocene and Recent terrace
deposits, alluvium and deltaic eudiments (Chart 1, column Z; figs. 2 and
18). The relations and age of pre-Pleistocene rocks are still only partly
known, although Zploags (65) has grouped the rocks of the northernm part of
the State of Bolivar as follows:

Alluvium, deltaic, and llano beds of Tertiary and younger age;
Keiteurian series, of Cretaceous age;

Pastora series, of Cretaceous (?) age;

Imataca series, of lower Paleozoic (%) age;

Archean complex, of pre-Cambrian age.

The Pastora and Kaiteurian may be subdivisions of the Roraima series
/[Tiddle (23), p. 178/, and recent worl by Perfetti and others{70) suggests
that the Imataca formation may be part . the -chist-gneiss-gneissic
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granite sequence of the so-called basement complex that was less effected
by processes of migmatization or granitization than were the other pre-
existing sedimentary rocks, They offer as corroborating evidence the
structural parallelism of the Imataca series with the regicnal folds of
the gneiss-granite-migmatite complex., Certainly at El Pao and along the
road to Tumeremo, 18 kilometers east of Upata, the contact of the Imataca
quartzite, and banding and bedding within it, appears to be conformable
with the foliation of the underlying gneiss, and, as Zuloaga points out
(65, p. 1185), some of the gneiss underlying rich iron ore at El Pao
resembles ferruginous quartzite, Alternatively, #s pointed out by Dengo
and others (70) the observed data can be interpreted as the result of
granitic invasion on a batholithic scale, followed or accompanied by
regional metamorphism,

The basement complex in the northern part of the State of Boli;ar
consists in general of pale yellow or gray banded gneiss or gneissoid
granite (migmatite of Perfetti), gneiss, mica schist, and intrusive (?2)
granite and basic igneous rocks (norite, diabase, gabbro) Sr, in the
Gran Sabana region, of rhyclite and granitic porphyries Zibpezg Mencher
and Brineman (69), p. 858/. These rocks commonly contain quartz veins or
“masses and pegmatite dikes, and, in the northern part of the area, are
¢losely associated with ferruginous quartzite (itabirite) of the Imataca

series,

Structurally, the rocks of the basement are plicated on a large scale,
with the trace of fault surfaces and axial planes trending dominantly
northeastward (idem,). This major structure is clearly shown on aerial
photographs, and work in progress by Perfetti, Dengo, Bellizia, and other
geologists of the Direccidn Tecnica de Geol@g{é will undoubtedly contribute
greatly to a better understanding of both structure and stratigraphy of
these roeks.,

These pre-Cambrian (?) rocks crop out in a few parts of the CGran Sabana,
and extensively in a belt about 100 kilometers (60 miles) wide, parallel
to the Orinoco, that extends from Territory Amaz@nas to the Atlantic Ocean,
They were examined radiomgtrically at Ciudad Bolivar, and vicinity, along
the road from Ciudad Bolivar to Guasipati, near Santa Elena (fig, 12), and
at Santa Catalina (fig. 2).

The Pastora series crops out, and was examined radiometrically, from
Guasipati to E1l Dorado and consists of green andesitic tuffs, agglomerate,
and dolomitic shales /Zuloaga (65), pp. 1183, 1184/, The series may be
in part correlative to the Carachapo member of Perfetti and Candisles (10)
that was examined radiometrically in the vicinity of El Calcarec, and the
series may be much older than was thought by Zuloaga (65). Part of it also
probably is equivalent to the Cuyuni volecanic system of British Guiana
according to Dengo and Bellizia (71).

The Roraima series, first described by Dalton th Liddle (23), p. 17§7
from Mount Roraime is probably a pseudonym of the Kaiteurian series of
British Guiana /Liddle (23), p. 178, Ldpez and others (69), pp. 867, 868/,
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The rocks included are basal conglomerates, sandstones, quartzites, Jjasper,
and some tuff and shale injected by sills, dikes and laccoliths of quartz
gabbro, The rock is generally white to gray-brown, but imn part red, and
reaches a maximum known thickness of at least 2,000 meters (6,500 feet) at
Auyantepui {fig. 18) /Tate (64), p. 117, Liddle (23), p. 178/. It crops
out extensively im the Gran Sabana where ercsion has carved large mesas,
cuestas, and table lands from the nearly horizontal beds. In southwestern
Venezuela the Roraims rests directly upon eroded rocks of the basement
complex, and in the northern areas of its exposure, upon the Pastora series,
Its basal part was examined radiometrically at Santa Elena and Peraitepui.

Pleistocene and Recent sediments fill some stream channels, thinly
veneer some areas of the basal complex., and form a thick delta at the
mouth of the Orinoco river in Territory Delta Amacuro., They were examined
at Rio Claro, El Calcareo, Sants Cataline, and Peraitepui. All of the
rocks examined in the northern part of the S8tate of Bolivar are more or
less altered by weathering. In some places the rock is decomposed to a
considerable depth, to & clay-quartz mixture, irregularly mottled with
iron oxides, termed "tigrito." These weathered rocks or residual soils
were examined along the road from Ciudad Beolivar to El Dorado.

The large rich iron, bauxite, alluvial, and quartz vein gold deposits,
end the low-grade manganese deposits are of economic significance in the
northern part of the area, In the Gran Sabana the gold and diamond placers
have stimulated the imagination since the days of Sir Walter Raleigh.

Radiometric observations between Ciqud B@li%ar
and El Dorado, State of Bolivar

Rediometric observations were made at Ciudad B@li%ar and vicinity
(rio Candelaria; rio Clarc, Cerro Toribic), and E1l Pao, El Muertico,
El Calcareo, E1l Callao district, and El Dorado (fig. 18, no's. 1 to 6,
inclusive), 1In addition, a continuous log of gamms radicactivity was made
from Ciudad Bolivar to E1l Derado, using for this purpose two Geiger-
Mueller probes, each 40-inches (102 centimeters) long. These were mounted
on the top of a Jeep and coupled to a Nuclear Instrument and Chemical
Corporation Survey meter,

/
Ciudad Bolivar and vicinity

Rocks of the "basement complex” were examined radiometrically at
Ciuded Bolivar (fig. 18, no. 1), at rio Candalaria (fig. 18, no. 1-A), at
Cerro Toribic (fig. 18, no. 1-B', and rio Clarc (fig. 18, no., 1-C) and
vicinity, The latter three localities may be separate exposures of the
same sequence of rocks repeated by folding in the Monte Cristo structure
[Perfetti (70)/.
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At Ciudad Bolivar,-- At Ciudad Boliver (fig. 18, no. 1) gneissic
granite (Migmatite of Perfetti), hornblende-feldspar gneiss (aluminous
facies of Perfetti), and garnet hormblendite (garmetiferous facies of
hsrnblendite of Perfetti) were examined at several places in the city. In
erops near the airport amnd in front of the church San ¥sidro,
high13«f@lﬁﬂpath&uﬁellsbanded gneissic granite is composed of medium-
grained BmAttered crystals of feldspars, quartz and biotite, accompanied
by sparse, large crystals of magnetite, biotite, garmet, zircon, and_
samarskite(?) in pegmatitic veinlets, The radiocactivity was 3 - 8; 5 (B),
2.5 = k3 3 (G), but some sparse crystals of samarskite(?) as much as 2
centimeters sguare associated with similarly large crystals of magné%ifg,
biotite, und garnet in fleds r pegmatitic veinlets were highly radicactive
/A1 - 16; 15 (B), 7-9; 8 (G)/. A chip sample of the gneissic granite,
analyzed radiomeﬁricaliy in ¢ Gara@asg contains 0,005 percent equivalent
uranium, The radicactive ssmarskite(?) probebly is as radiocactive as sim-
ilar material from rio Candelaria that contains 0,023 percer* equivalent
uranium., Neither the hornblende-feldspar gneiss, nor the gaynetiferous
hornblendite are appreciably radicactive; 1 - 3; 2, (G, B).

Along the rio Candelaria.-- Along the ric Candelaria, about 15 kiioa
meters east of Ciudad Bolivar at a site known as Los Saltos, or Los Bafios
(fig. 18, no. lwA), quartz-feldspar pegmatites have been injected along
foliation planes of hornblende-biotite gneiss, that in turn is interlayered
with feldspar-quartz granite gneiss, or migmatite of Perfetti and Candiales
(10), the common country rock, Foliation strikes about N, 45° W, and dips
nearly vertically. Narrow irregulsr apophyses of the pegmatite, especially
in the hormblende gneiss;, contain knots of biotite, some feldspar, and
samarskite(?). The largest of the three such knots cbserved is about 1
foot (30 centimeters) square but tapers out irregularly., The radiocactivity
of the hornblende-biotite gneiss and of the feldspar-quartz granite gneiss
is not appreciable (1 - 3; 2, B) but that of the samarskite (?) is 10 - 503
20+ (B). A small specimen of the mineral, somewhat contaminasted with
biotite, contains 0.023 percent equivalent uranium. Similar abnormally
radicactive clots of black minerals were also observed in similar host rocks
about 1 kilometer dcwnstream from Los Saltos, The radicactivity of the
fine-grained clots was & - 7; &, (B).

At Cerro Toribio,-- At Cerro Toribjo (or Torivio), (fig. 18 no. 1-B),
about 46 kilometers east of Ciudad Bolivar along the road to Upata, the
carborne radiation meter deflected an abnormal amount (12 scale divisions
versus & normal deflection of 3 divisions). Detailed observation indicates
that most of the radiocactivity is apparently caused by heavy minerals in
sands and residual clays derived from granite gneiss containing pencil-
thin pegmatitic facies, although some may be caused by radium or thorium
absorbed in the clay. Cerrc Toribioc is a grass-covered hill composed of a
sheeted quartz mass in the form of a dike about half a kilometer wide that
extends for several kilometers N, 230 E, from the Cerro., Sheeting in the
quartz strikes N. 15° to 40° W. and dips steeply southwest, the same
attitude as the gneissic banding of foliation in the surrounding gneiss.,
In a half-mile traverse, the radioactivity of the quartz mass was found to
be not appreciable (0 - 2.5; Z), The radioactivity of small patches of
typical "tigrito" (residual soil) formed from the gneiss is as much as
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5 - 7.5; & (B), although that of most of this material is 3 - 5; ¥ (B).
The radicactivity of sand derived from the gneiss and collected along the
road -gutters is from 3 - 5.5 and averages 4,5 scale divisions (B) A
sample (Tal) of the most radiocactive "tigrito" contains 0.00k percent
equivalent uranium, and & sample (T-2) of the sand containing visible
heavy minerals contains 0,005 percent equivalent uranium.

Rio Claro,-- Between 1k and 15 kilometers from Ciudad Bolanr, a road
that leads 37.3 kilometers southwest to the rio Claro (fig. 18, no. 1-C),
crosses diagonally the strike of & series of banded gneiss (migmetite),
equigranuler hornblende-quartz-feldspar rock, and gneissic granite-
porphyry(?), containing narrow pegmatitic injections, or porphyritic facies
of similar rock that are as much as 1 foot (30 cm) in width. The banded
-gneiss with accompanying coarsely crystalline facies resembles the rock
at Cerro Toribio and that at Candelaria. They may be the same group of
rocks repeated by folding, although the hormblende-gneiss at Rio Candelaria
was not seen in the other localities. The radiocactivity of the banded
gneiss (migmatite) was 3 - 73 § (B), that of granite porphyry(?) 2 - 5;
3.5 (B), and that of "tigrito" derived from gneiss, 3 - 5; ¥ (B). Recent
sand containing an appreciable proportion of hesvy minerals, including
‘monazite, is concentrated along the banks of some of the smaller streams
and the rio Claro. The radicactivity of this materials was an average of
17 scale divisions (beta-gamma), I3 (gamma) at a small stream north of
rio Claro; and 17 (B), 11 (gamna) at the rio Claro, Samples were taken
of radioactive sand and "tigritc" (mo. E), of radicactive sand at the small
stream north of rio Claro (no. F), and of sand with visible monazite at
ric Claro (no, G) for further radiometric analysis in Caracas. The samples
contain respectively 0,019, 0,06, and 0.087 percent equivalent uranium.
Heavy-mineral separations were made of samples no., F and no, G and examined
under the microscope. They both contain ebundant magnetite and zircon and
sparse monazite, although monazite and zircon were more abundant in sample
no. G than in sample no. F, and in sample no. G trace amounts of garnet
were observed. Zircon is in opaque prisms or colorless grains. The magne-
tite, colorless zircon, and monazite are all well rounded, suggesting that
they were transported farther before deposition than the prismatic zircon.

El Pao

‘ ’
El Pao (fig. 18, no. 2), about 143 kilometers east of Ciudad Bolivar,
is the site of the operating iron mine leased by Iron Mines Company of
Venezuela (Bethlehem Steel Company), San Feliz.

The rocks of El Pao comprise from youngest to oldest, Canga, intrusive
norite, ferruginous quartzite (itabirite), hemetite ore, ferruginous clay,
and banded gneiss (migmatite) or granite(?). The Canga is a ‘breccia of
quartzite fragments more- or less-cemented by hematite, limonite, clay, and
bauxite that is derived from the ferruginous quartzite., The norite is a
dark gray~-green equigranular medium-grained massive intrusive rock, Blue-
black hard hematite ore, containing as much as 70 percent-Fe (within a
fraction of 1 percent pure hematite) overlies softer less-ferruginous
sandstone and gneiss or granite(?), and terminates downward abruptly against
highly argillized gneiss or granite(?). The ferruginous quartzite
(itabirite) of the Imataca series, where observed, is friable but elsewhere
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in the deposit i& reported by Zuloaga (65), and Wright and Wheaton (72) to
be more typical quartzite, The rock is medium-grained, equigrasnulaer, com-
posed -of subangular to subrounded quartz grains, and interleminated with
magnetite and hematite., Zuloaga and Tello B, state (66, pp. 12, 25) that
it contains an average of about 45 percent iron end that hematite is a

late alteration product of original sedimentary magnetite. Where observed
in road cuts excavated for open pit mining, and also at Gutierrez Hill, the
attitude . of relict banding in the rich iron ore and of the contact of the
underlying gneiss or granite(?) itself is exactly concordant with that of
the foliation of the underlying granite(?), or gneiss although Zuloags
reports (65) the contact is elsewhere obscured by intrusive granite., The
sharpness of the contact between "lean ore" (hematitic, argillized gneiss)
and argillized gneiss in the road cut above the mill suggests that alter-
ation banding was affected, or was guided by original foliation or bedding,
but the contact of rich quartzitic hematite at Gutierrez Hill is probably
the true contact of the Imataca formation and underlying gneiss or granite.
In form the deposit is a bowl or synclinal basin, intruded by norite,

The radiocactivity of all the rocks observed was slight, although that
of the altered gneiss or granite was 1 - 3; Z (B). The rich hematite ore
was nonradioactive; one observation beneath an overhang of the ore was
0 - 0; 0 (B).

El Muertico

As it appeared to be representative of the residual manganese deposits
of the northern part of the State of Bolivar, we examined the concession
known as El1 Muertico on the Cerro Santa Rosa about 10 kilometers south of
Upata (fig. 18, no. 3).

In & pit 8 feet deep, ferruginous quartzite (itebirite) is overlain
by & breccia of limonite-cemented itabirite that grades upward into resi-
dual manganiferous, limonitic sandy clay. The radiocactivity of these
materials ranged from 0.5 to 2 scale divisions; averaging 1 (B), and is,
therefore, not appreciable,

El Calcareo and vicinity

Along the Upata-Tumeremo highway about 25 kilometers east of Upata an
intersecting road leads to El Palmar to the east and to the Carachapo River
and E1 Calcarec about 20 kilometers to the southwest (fig. 18, no. 4).

El Calcareo, at the base of the Sierra Tomasote, is on a flat terrace
covered with granite gneiss, that is in part residual, and in part detrital.
Cement consists of white caliche (sodium and calcium carbonates). The
radicactivity of the material is not appreciable; 1 - 2; I.5 (B).

At the Carachapo River the Carachapo menber (probably the Pastora
series of Zuloaga) is exposed slong the stream banks. The rock is a green
hornblende-chlorite schist that was not detectably radicactive; 0 - 1.5;

0.5 (B).
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El Calleo district

The gold mining district of El Callaso (fig. 18, no. 5) was discovered
in 1853, and according to Miller and Singewald (37) by 1857 had produced
1,438,638 ocunces of gold from placers and veins and was the richest district
in the world. Production from 1871 to 1890 is recorded as more than
$30,000,000 /Newhouse and Zulosge, (73)/. The general geology of the dis-
trict is illustrated in figure 19. Gold-quaertz veins of general east to
northeast strike and south to southeast dip have been injected in gently
folded green andesites and diabase of the Pastora series, and gebbro., The
veins in genersl strike parallel to the axial traces of the folds, and
consist of multiple injections of quartz in convoluted structures forming
e small lode system for each vein. Free gold is commonly associated with
sparse pyrite and selvages of andesite along the sides of the veins. The
radicactivity of all of the rock types exposed and examined in the Callao
district was not appreciable, ranging from 0 to 2 scale divisions and
averaging 0.75 divisions (B), Rocks examined include andesite, aplite,
augitenbiotite porphyry dike rock, Jjasper, and quartz in the Laguna and
El Peru mines (fig. 19, A and B), quartz at the Mamon vein and alluvium at
Hansa flat (fig. 19, C); and andesite, pillow lava, and gebbroic(?) country
rock elsewhere in the district (fig. 19, D). In addition, four screened
placer samples from Quebrada Mocupia, near Nacupay (fig. 19)were furnished
by R. P, Morrison, Direccidn de Minas, These samples, examined radiometric-
ally in the Caracas lsboratory, contain less than 0.001 percent equivalent
uranium,

E1 Dorado

El Dorado (fig. 18. , 0o, 6)is about 400 kilometers (240 miles) by, road
southeast of Ciudad Bolivaer at the Junction of the Yuruari and Cuyuni Rivers,
Gold has been mined from placer deposits of the area and from some of the
quartz veins that transect mafic igneous rocks. In the yard of the penal
colony a glassy quartz vein sbout 6 feet (1.8 meters) wide contaxns a few
vugs and a few crystals of magnetite, The vein trends N. 60° E, dips 60°
southeast and was injected into green asndesite and quartz-porphyry intruded
by diebase, The radiocactivity of residual soil derived from the mafic rocks,
the mafic rocks, the quartz vein, and sand from the banks of the Cuyuni”
river was not appreciable; 0 - 2; I, (B).

’
Radiometric observations in the Gran Sabana, State of Bolivar

The Gran Sabana in the southeastern corner of Venezuela (fig. 2)
occupies approximately the southern third of the State of Boli%ar and con-
sists topographically of broad upland valleys and peneplains surmounted by
isolated scarped table lands (Tepuys). The altitude of the Sabana renges
from 810 meters (2,624 feet) to 2,630 meters (8,628 feet) /Tate, (64)7 at
Mount Roreima. This magnificently scenic region 1is covered largely by
grass where the soil is derived from the Roraima formastion, or by dense
Jjungle where the soil is derived from mafic igneous rocks.,
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Radiometric cbservations were made at Santa Elena and vicinity (fig.
18, no. T), end at Peraitepuy (fig. 18, no. 8).

Santa Elena and wicinity

Santa Elena, at the southeastern edge of the Gran Sebans (fig. 18,
no. 7) is situated on alluvial outwash derived from the basal Roraims
formation and from older volcanic rocks. Quartz porphyry of the old basal
complex extends from 3 kilometers southof the town, southward into Brazil;from
1 to 2 kilometers south of Santa Elena a thick gabbro sill has been injected
iq;o the Roraima formstion near its base. The reconnaissance of Aguerrevere,
Lopez, Delgado and Freeman (67) shown on figr=es 2 end 18, and later studies
by Ldpez, Mencher, and Brinemsn (69), describe the geology.

The basal beds of the Roraima were examined on a 5 kilometer traverse
west and north of Santa Elena; they consist of well-bedded pale cream
micaceous sandstone and conglomerate, some maroon sandy siltstone, and some
orange jasperoid. The well-rounded pebbles in the conglomerate consist
predominantly of shattered quartz, although scme quartz porphyry and ferru-
ginous laminated quartzite was noted. Pebbles are as much as 10 centimeters
in dismeter and are in a clay-sand matrix. Beds are commonly from 30 centi-
meters to 1 meter thick, and are in general evenly bedded, although some
cross-bedding was seen,

The gebbro sill is a medium-grained dark green rock that in general
supports dense jungle. The rock is massive where exposed east of Santa
Elena in the hill known as El Calvario. Thin sections of this rock exam-
ined in Caracas show it to be a hypersthene dunite containing pigeonite and
disllage with diabasic (ophitic) texture,

The basal complex, examined in a traverse of about 11 kilometers south
of Santa Elens to San Domingo, consists of a green quartz-sanidine(?) por-
phyry thet weathers gray-brown., North of Santa Elena this rock is deeply
lateritized.

Radiometric observations made of all these rocks and of alluvium
derived from them disclosed no appreciable radicactivity; the instrument
pointer fluctuated between O and 3 scale divisions and averaged sbout 1.5,

().

Peraiteguz

Peraitepuy, about 30 kilometers west of Santa Elena may be reached
from Santa Elena in a 10-minute flight or by & 2-day walk. The sirport is .
on top of a mesa of Roraime sandstone and is about 6 kilometers west of the
operating open-pit diamond workings, called La Joyada, of the Gompaﬁia
Venezolana de Diamante.

La Joyada.-- The company, using & clam-shell bucket, trucks, and a
small gravity mill capable of handling 150 cubic meters daily, produces,
in each 16 hours, from 5 to 50 karats of diamonds and a small amount of
gold according to Castro (74). The dismonds are commonly coated with some
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substance that gives them a green color, and inasmuch as the green color
of some diamonds is thought by Davidson and Bowie (75) to be caused by
radicactivity, the diamonds of Peraitepuy were of particuler interest.

The diemonds, associated with zircon, tourmeline, jasper, magnetite and
limonite pellets, occur in a zone (the formacidn) from a few centimeters
to 1 meter thick, of white clay-gravel composed predominantly of guartz
pebbles, The diamond-bearing "formacidn" rests on mottled white and buff
clay (the Cascajo), and is overlain by black soil (the Cogote) and quartz-
pebble gravel cemented by calcium carbonate (the Caliche)., The deposit
worked is in an old stream valley that is very close to the base of the
Roraima formation; Aguerrevere and others (67, p. 330) thought the diamonds
are weathered from these basal beds.

The radioactivity of the diamonds and the enclosing soil and stream
deposits was not appreciable; 1 - 33 2, (B). The heavy minerals (indica-
ciones) left after being cleaned of gold end diamonds were spread on the
ground near the mill; this residue was also not detectably rediocactive,

La Faisca,-- The abandoned placer gold and diamond camp of La Faisca,
about 10 kilometers by Jeep east of the airport, is along a stream-valley
that drains the basal conglomeratic beds of the Roraima formation. Sub-
rounded quartz boulders as much as 45 centimeters in diameter are abundant,
and some large euhedral quartz crystals were seen. A traverse from
La Faisce was made stratigraphically up through the deeply weathered green-
ish porphyritic rock into conglomeratic sandstone of the Roraima formation
that contains some vein-quartz sills; the maximum radiocactivity observed
was 3 scale divisions (B), and the average about 2 (B), and the rocks are,
therefore, not appreciably radiocactive,

Zone of black sand in Roraima sandstone.-- A zone of black sand in
Roraima sandstone is exposed in the road cut about 20 feet beneath the top
of the first broad bench formed by Rorasima sandstone above La Joyada, The
zone is about 4 meters thick and consists largely of friable white. to pink
cross-bedded sandstone. The crossbeds, here, as well as in sandstones
exposed on top of the mesa of Peraitepuy south of the airport, indicate that
the streams probably flowed from the southeast to the northwest. The sand-
stone is composed predominantly of subangular quartz grains stained by
hematite; within the sandstone are conspicuous thin bands,from s few milli-
meters to a centimeter thick, of black minerals,

The radioactivity of the beds above and below the black sand zone is
not detectable; 1 - 2.5; 2 (B), but that of the zone of the black sand beds
is detectable, although variable. The radiocactivity of the most highly
radiocactive bed, 1 centimeter thick, was 5 - 6; 5.5 (B). Samples of this
contain 0.0l percent equivalent ursnium, and a heavy-mineral separation of
this sample examined under the microscope contains abundant magnetite and
hematite, less abundant zircon, and sparse monazite. This black sand bed
is not of economic interest but more radicactive samds mey be Tound in the
Roraima series,
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Icebaru”

A%}hough no radiometric observations were made in the vicinity of
Icabaru (fig. 18, no. 9), the opportunity was taken to talk with George
Kirkbride,; diamond buyer., He had collected some of the heavy minerals
associated with diemonds and gold (indiceciones) and sent them to his
diamend cutting shop in Florida, A sample of this material analyzed by
the United States Geological Survey Trace Elements Section, Weshington
Laboratory,t contains only 0.003 percent equivalent uranium, but may not
be representative of indicaciones from the entire region.

Radiometric observations near Santa Catalina,
Territory Delta Amacuro

Santa Catalina is a small village on the south bank of the Cafio Piscoa
which is a short branch of the Rio Grande, the southernmost tributary of the
Orinoco River (fig. 2). The village was reached by launch in six hours from
Tucupite which is 3-1/2 hours, by launch east of Barrancas, the easternmost
airport for regular commerciasl flights.

In the Quebrads Addh, about 5 kilometers southeast of Santa Catalina,
Dr. Ricardo Falero, Juan Figuera, and Ismail Gouland have & gold and zircon
concession. The concession covers an old alluvial deposit and has been
tested by a series of pits over an area about 120 meters long and 30 wide.
A representative section from top to bottom exposed in one of the pits is:
15 centimeters of dark brown to buff clay soil with some sand, 61 centi-
meters of buff clayey:sand and sandy clay; and 45 centimeters of gray clayey
sand., The rediocactivity of these three zones is, from top to base, 0 - 1;
0.5 (B); 1 - 3; Z(B); and 2 - 3.5; 2.5 (B). Zircon in subangular prismatic
brown crystals that are as much as 1 centimeter in length is concentrated
from the sand. Samples teken at 6-inch intervals down the pit wall and of
batea (analagous to "gold-per®/ concentrates from one pit were unfortunately
misplaced. A sample of cleaned zircon cencentrate furnished by Dr. Falero
and analyzed in Caracas, however, contains 0,73 percent equivalent uranium,
Under the microscope the concentrate is seen to be composed predominantly
of rounded grains of magnetite, although subangular quartz and feldspar
grains are abundant., About 30 percent of the sand is composed of small
rounded colorless grains and large euhedral purplish-brown crystals of zir-
con, Slightly rounded light pink fragments of garnet, sphene, and amphibole
are less abundant, Dr. Falero states that trace smounts of gold and diamonds
have also been found,

The gravels have apparently been derived from granitic and gneissic -
rocks of the region /fopez, and others, (68)/ and the occurrence of these
radiocactive heavy minerals here and near Ciudad Bolivar suggests that radio-
active minerals are widespread in some of the gneissic rocks in the northern
part of the Brazilisn shield, The deposit itself probably does not merit
more field work,butifpetrographic study and chemical analyses show an appre-
ciable amount of other rare elements, more study of this and surrounding
areas should be undeftaken,
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Road log of gemme-ray activity

' 4

A record of gamma-ray activity was kept from Ciuded Bolivar to
El Dorado using the carmounted: Geiger-Mueller probes previously described.
The equipment used has a normal counting rate of about 1,500 counts per
minute as compared to the 30-60 counts per minute normally recorded by the
small hend-portable rate meters and has been successfully used in the
United States of America for both reconnaissance and detailed prospecting,
as well as for tracing known radicective rocks within small areas of low
relief and altitude, The instrument used easily detected "tigrito" and
radioactive sand near Cerro Toribio, samples of which contain only 0,004
percent equivalent uranium.

#

The general results of the road traverse from Ciudad Bolivar to
El Dorado indicate that sands containing heavy minerals derived from some
of the banded gneiss containing narrow pegmetitic facies are the most
radioactive, followed in order of decreasing radioactivity by grgnite(?),
residual soll, laterite, itabirite, hematite ore, norite, gabbro, diabase
and andesite, and hormblende-chlorite schist., In terms of formations, the
order of decreasing radicactivity is 1), gneiss of the basement complex,
2), residual soil end laterite, 3), Imataca formation, 4), Pastora series,
and 5), the Carachapc member,

The background level of radiation was 2.5 scale divisions or 1,500
counts per minute (the 2 milliroentgen per hour sensitiyity position was
used throughout the trip) on paved roads in Ciudad Bolivar, and about 1.8
scale divisions on a launch in the middle of Caroni’ river, The basic rocks
of the Pastora series and the Carachapo member, the norite near E1l Pao, the
rich hematite ore of El Pao, and the mafic rocks within the basement complex
deflected the meter only slightly above background, that is, from 1 to 3
scale divisions., The instrument generally fluctuated between 3 and 8 scale
divisions upon the more felsic rocks of the basement, alfhough at Cerro
Toribio and at kilometer 52 on the road from Ciudad Bolivar to Upata the
reading was 12.5 scale divisions. The maximum deflection reached was 17
scale divisions at rio Claro (Fig. 18, no. 1-C), and a sample of the radio-
active sand from there conteins 0.087 percent equivalent uranium.

Date are inadequate to calibrate the instrument deflections on the car-
borne equipment in terms of deflections on the smaller hand portable equip-
ment, but data obtained suggest the following correlation:

Carborne meter deflection Hand-portable meter deflection
17 12
15 10
12 T
10 6
5 3

Various attempts have been made by the United States Geological Survey to
calibrate meter reading of either hand portable or carborne radiation meters
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-in terms of percent equivalent uranium, but except in aress of exception-
8lly uniform terrain where minute radicactive minerals are uniformly dis-
tributed the attempts have been successful only in genersal terms,

7
In future work inm the northern part of the State of Bolivar the car-
borne radiation equipment should prove of great utility, but the data
obtained should be cross-checked by means of radiometrically analyzed
samples,

Summary and conclusions

During the reconnaissance for uranium in the State of Boligar and
Territory Delta Amacuro, radiometric observations were mede of all principal
rock types exposed in their principal areas of exposure, that is, the rocks
of the Archean(?) basement complex in the northern part of the area and in
the extreme southwestern corner of the Gran Sabana, the Imataca and Pastora
series between E1 Pao and El Dorado, the Roraima (or Kaiteurian) series in
the Gran Sebena, and alluvial deposits in all areas covered. The use’of
the carborne Geiger counter in the road traversed between Ciudad Bolivar
and E1 Dorado gives some assurance that the route traveled was fairly well
prospected, but much more work will be required before the uranium poten-
tialities of the vast ares south of the Orineeco will be clearly known,

The results of this radiometric reconnaissance suggest that some of
the more felsic rocks of the basement complex and of the basal Roraima
series are worth additionsl study but thet the more mafic rocks of the
Carachapo member, of the besement complex, of the Pastora series, and of
the Roraima series are apparently devoid of radiocactivity and probably do
not warrant additional study., The deposits of bauxite, hematite, manganese
oxides, rnd the gold-quartz veins are also not appreciably radioactive,
although additional study is merited of some other gold-quartz vein deposits,
especialiy those that contain an appreciable quantity of base-metal sulfides,
It can be expected that some of the heavy minerals concentrated with gold
and diemonds in the placer deposits of the area will be radiocsctive,
although those examined are not apprecisbly so. It would be of interest to
determine the constituents of the green material coating the diamonds from
the Gran Sabana, and in further study of such deposits in the region,
thucholite /Davidson end Bowie, (75)7 should be searched for.

The basal sandstones and conglomerates of the Roraims series, where
examined, are not appreciably radiocactive with the exceptiom-of the zone of
radicactive black sand at Peraitepuy. Nevertheless, the fact that zircon
occurs at Peraitepuy suggest that zones containing richer deposits of zircon
and perhaps other radioactive minerals might be found by additional study;
moreover the numerous sills of vein quartz suggests that igne~- intrusive
rocks, possibly associated with the quartz-porphyry sills,underlie the area,
Therefore, even though no indications of metallic mineralization of the
"red beds" type have been reported, the presence of intrusive igneous rock,
of detrital uranium minerals and of highly porous and probebly permeable beds
of the basal Roraima make these beds potential host rocks for deposits of the
"red beds" type. We, therefore, suggest a continued search for carnotite
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or copper-uranium depesits in the basal Roreims series.

Some of the residual clays derived from the rocks of the basement com-
plex contain as much as 0,004 percent equivalent uranium, This materisl
prcobably contains only trace amounts of uranium, but chemical aneslyses are
required to substantiate the supposition.

~ The pegmatitic facies of banded granite gneiss (migmetites) of the
basal complex and heavy mineral placer concentrations derived from this
rock appeer to offer the most promise of immediate reward for future work.
Samples of sands contain from 0.019 to 0.73 percent equivalent uranium, and,
even though most of the radiocactivity of the contained monazite, zircon,
samarskite, and other minersls may prove on chemical analyses to be caused
by thorium, further study of areas along the northern border of the
Brazilian shield may disclose deposits richer in these minerals that may be
of commercial value. The fact that specimen quantities of rare earth-
uranium-thorium minerals such as semarskite(?) have been found in place
suggests that further search will disclose more such deposits, but unless
exceptionally rich or numerous they will probably not be of great economic
interest. The probability that these abnormelly radioasctive rocks are in
relatively thin zones that can be traced radiometrically at the outcrop,
or by radiocactive residual soil and placer deposits derived from them, may
prove to be of practical use in field mapping. In the mapping, it would be
desirable to compile an isoradiocactivity map of the area studied, from
date obtained by using the carmounted radiation detectors.
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PRELIMINARY SURVEY OF GAMMA-RAY WELL LOGS

Summary

Gamma-ray well logs were examined for significant radicactivity from
more than 140 representative wells in most of the oil fields of Venezuela,
The logs were rectified to a standard sensitivity scale of 10 inches and
were approximately calibrated to read in percent approximate equivalent
uranium for better comparison with rock samples.,

Gamma-ray logs are described from all the oil field areas and the
abnormal gamma-ray deflections on the logs are evaluated, The most radio-
active rocks found and discussed in relation to the geology are the black
calcareous, phosphatic basal shale beds of La Luna formation of Cretaceous
age in the western Maracaibe basin, These basal beds, called the "fish-bone"
beds, probably contain about 0,014 percent approximate equivalent uranium 1
in some thin beds. The radicactivity recorded from wells in eastern and
central Venezuela is less prominent and the slightly radicactive rocks are
erratically distributed, The greatest radiocactivity in eastern and central
Venezuela, about 0,006 percent approximate equivalent uranium; is probably
caused by carbonaceous and lignitic beds in the Oficina formation of
Oligocene age, ,

Recommendations are made for tHe continuance of the study of gamma-ray
logs as one simple means of amassing data on the radicactivity of rocks and
fluids and as a guide to areas and rocks of interest in the program of
uranium investigations in Venezuela,

Introduction

A preliminary survey of gamma-ray logs was made during June and July
1951 to accumulate additional data about the radioactivity of rocks in
Venezuela, Gamma-ray logs representative of the different drilled areas
were obtained from most of the oil-producing companies., The following
discussion is a resume of this study and includes data from all the major
cil fields and a number of the smaller ones,

Gamma-ray logs show the gamma radiocactivity of the materials in the
well logged and are commonly used in such studies a2s stratigraphic corre-
lation, determining porosity and liquid saturation; they are also used to
record casing depths. The data obtained may be used to indicate rocks or
areas of abnormal radicactivity requiring field study, as well as to de-
limit rocks or areas of little radioactivity requiring no study. The
study of the logs will contribute to a better understanding of the distri-
bution of uranium in sedimentary rocks, In addition, if sufficient data

;/ A term used to denote the amcount of radicactivity calculated from
gamma=ray logs.
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are available, the logs may be calibrated semiquantitatively and used in
the calculation of low grade reserves of uranium ore,

Until recently the gamma-ray logs made in Venezuela were usually
without a zero reference line from which the amplitude of deflections
could be measured directly., Many of the logs examined were without this
zero reference and the amplitude of deflections in these logs was esti-
mated by comparison with logs containing zero references in adjacent wells,

Instruments for gamma-ray logging are usually adjusted in sensitivity
to record best the radioactivity of the material logged., The so-termed
sensitivity scale is analagous to the range or sensitivity position of the
portable ratemeters and refers to the maximum distance that the recording
pen could travel on the log paper. In traversing material of different
radioactivity, the sensitivity scale could be as much as 20 inches to
expand the record of subnormal radicactivity, or as little as 4 inches to
compress the record of abnormal radiocactivity, Most materials in Vene-
zuela are recorded on a sensitivity scale of between 7,5 and 10 inches.,

In order to compare the radiocactivity shown on gamma-ray logs with that

of samples, a conversion factor is required, Gott and Hill (47) have
found by the application of radiometric analyses of many core samples

that each inch deflection on a 10-inch sensitivity scale represents ap-
proximately 0,0007 percent equivalent uranium., The conversion factor is
only approximate, and in our preliminary study was applied without regard
to casing, fluid content of well, or other factors that might alter the
conversion number, For example, in the case of large sharp anomalies the
factor would tend to be low because of the response-time lag of the elec-
tronic apparatus. The figures of approximate equivalent uranium that were
calculated from the gamma-ray logs are, therefore, by no means exact but
are in the same general units reported in normal radiometric analysis and
therefore afford a base of comparison; the conversion factor approximately
checks the radiometric analyses of core samples taken in the western part
of the State of Zulia,

Personal visits to examine gamma-ray logs were made to the Socony-
Vacuum Cil Company of Venezuela; the Mene Grande 0Oil Company, C. A.; the
Texas Petroleum Company; the Creole Petroleum Corporation; and the Shell
Caribbean Petrcleum Company, Gamma-ray logs were also obtained from the
Pantepec 0il Company; the Sinclair 0Oil and Refining Company; Phillips
0il Company; S.A.P.L.M, (S.A.Petrolera Las Mercedes); the Venezuelan
Atlantic Refining Company; and the Richmond Exploration Company, Mr. Keith
Miner and Mr., Jay Beaver of the Petrotec Company freely gave advice on
calibration technicalities and much information on logs of interest,

Among the principal references to the geology of the oil fields of
Venezuela, those consulted during this investigation are the papers of
Hedberg, Sass, and Funkhauser (76) and (77), Staff of the Shell Carib-
bean Petroleum Company (46), and Mencher, and others (50).
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Gamma-ray well logs examined

The location of the oil fields of Venezuela and of the wells whose
gamma-ray logs were examined are shown on figure 20, and a list of the
wells whose logs were examined is given in table 7, These wells are
grouped by areas, within each of which the general structure and the
stratigraphy are sbout the same. These areas, d*SCUbsed in order from
eastern to, western Venezuela ares the Jusepin-Santa Barbara area, the
San JoaqulnaGuarlcolgreag the greater Oficina area; north-central Vene-
zuela, eastern Falcon, the Bolivar Coastal Fields, northwest Zulia, and
the Barinas area., The stratigraphic sections of these areas are shown
on Chart 1, columns A through Z, and the general geology, on figure 2,

7 ’ .
Jusepin=Santa Barbara Area

The Jusepin=Santa Bé}bara area is in the northwestern part of the
State of Monagas within the Mdturln basin, fight gamma-ray logs were
examined in the Quiriquire, Juqep1r9 and Mulata fields (fig. 20). In
general the wells in this area penetrate rocks of Miocene to Eocene age
which are the oil=producing formations [ﬁencher and others., (50) The
stratigraphic section is shown on chart 1; columns V and T,

The Quiriquire field

In the Quiriquire field, well Q=290 extends through the Nuevc Mundec
(Tinajitos) formation of the Merecure group, both of upper Eocene and
Oligocene age, Unconformably above the Nuevo Mundo is the Los Jabillos
formation of Oligocene age, A slight increase in gamma-ray activity was
logged at the unconformity between the two sandstone units, Two other
small gamma-ray peaks in the well log were reflected from a dark glauco-
nitic, oily sandstone, and a glauconitic shale in the upper part of the
Nuevo Mundo, The peaks represent about 0,003 percent; or less, approxi-
mate equivalent uranium,

7
The Jusepin field.

In the Jusep{h field, the deepest penetration was tc the Carapito
shale of Oligocene age, In well J=125 only 2 small gamma-ray peak is
shown near the top of the Carapito shale, otherwise the radiocactivity
of the formaticn is low and regular, The lLa Pica formation is slightly
more radicactive than the underlying Carapito shale,
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Table 7.~ Wells of Vengzuela whose gamma-ray logs were examined

Field Well District State Company 1/

4
Jusepin-Santa Barbara area

Quiri%uire Q=290 Boliv%r Monagas Cr.
Jusepin J=125 Maturin do. cr.
D@o J"l&u do o d@o Gre
D@e J“’lB? d@e d@o Cro
Mulata MP=136 dos do. Pan.
Do. MP=147 do. do. Pan.
Do, 7 HP”!.LZ . doo. ) do, Cxo
Santa Barbara == SB=133 . do. do. Sin.

/
San Joaguin=Guario Trend

Exploration La Vieja=3 . Freites = Anz@a‘tegui M.Go
Santa Rosa. ~ RG=1k ~ do, do. MoGo
El Roble . . RPN=22 do. doe Pan.
Do. RPN=23 Aragua doe Pan,
Do, RPN=2L Freites do, Pan,
Do, RPN=25 Aragua doe Pan,
" Dae RPN=26 Aragua . do. Pan,
San Roque . _ - La Loma=2 doe doe Phe
DQe B""‘QO on dOo Pho
Do. . B=22 . doe doe. Ph,
Rincon Largo Arague=3 do, .doe Ph,
Do, Araque=6 do. do. Ph.
Do. Rincon=1_ dos doo Tex,
Santa Ana AM=9 do. dos. MeGo

%[. The abbreviations of the Companies are as follows: Cr.==Creole
ertroleum Corp,; Pane.=-Pantepec 0il Co.3 Sine==Sinclair 0il and Refining
C0e3 MoGoe=-Mene Grande 0il Co.3 Phe==Phillips 0il Co.j Tex.=-Texas Petroleum
Coe3 SoVe==Socony Vacuum 0il Co. of Venezuelas LoMa==S. A. Petrolera Las
Mercedess V.A.#=Venezuela Atlantic Refining Co.j Shl.==Shell Caribbean
Petroleum Co.3 Riche==Richmond Exploration Co. :
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Table 7.--Wells of Venezuela whose gamma-ray logs were examined--Continued

Field Well District State Company

Santa Ana AM=10 Aragua Anzoategui MoGo
Toco T™™M=9 Freites doe MoeGo
Do. T™-=10 dooe doe MoGo
Guere Guere=1 do. doe Sine
Doe Guere=2 do. doe Sine
Do. Guere-l do. do. Sin.
SOEO SV°3 d@o d@o SoVo
Mapir@ SG“l} do. doe. MoGo

The Greater Oficina Area

Caico Seco CaZ=l Aragua Anzodtegui M.G.
Boca. SG=102 Freites .. doe MoGo
Chimire CVH=LLR doe doe SoV,e
Do CVH"SQE doe doo SoVe
Doe CVH=60R doe doe SeVe
Do, CVH‘='6)-LR doe doe SeVo
Dose GVH"62 doe ) d0o- S.Ve
D@o NS“}lO d@s d@o MOG&
Do, m‘=328 doe . dos MoGoe
Nipa, West NV=T doe doo SeV,
Do NV=8 doe do. SeVe

DOe NV°9 d@o d@o ‘SGVO
Do. NV=11 do,, do. SeVoe
Doe NV-=18 doe doe SeVo
-Doe NV°23 doe doe SeVo
Do, WNZ@I&? doe doe M.Go
Doe Mata=]l dos doe Texo
Do. Mata-=2 . doe doe Texe
Nipay, East ENZ=121 doe doe M.G,
Dae NZ=203. do, doe MeGo
Doe NZ°213 - do, . doe MoGo
Guico GV=21 ' do, doe SeV,
Do GV=26 . doe doe SoVe
Do, GV=28 do, dos SoVe
Dae GV=6'Z doe doe Se Ve
Do, GV‘=68 doe doe S.Ve
Oficina 0G=300 doo doe MoGo
DQ; OGal_Sl doe i dos M.Go,
Dacion EGS"M’.& doe doe M.Go
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Table 7.--Wells of Venezuela whose gamma-ray logs were examined--Continued

Field  Well District State Compary
Leona . 16=30 Freites . Anzoategui _ MeGo
Doe 1LG=102 Y do. 5 do. . M.Go.
D@o mQQOY d@o d@o MoGo
Areo Areo=1 do. ' doo M.Ge

North Central Venezuela

Las Mercedes  M<5, M=8, M=10 Infante  Guarico L.M,
M-45, M-85 3 |
H“l}l ) d@ o d@ o Lono
}27 wells ; /
M=232) ' doe dos L.M.
Lechosa Lechosa=2 doe dos Tex.
Tucupido . . Monal=3 ' doe dos VoAo
Do. Hﬁxaé Zaraza d@a ¥ o_Ao
Doe SaGX-=1 doe doe VO’A e
Saban . Sabadn=2 dos doe Ph.
Ruiz . Ruiz=3=7 Infante . do. Veho
Dos Ruiz=3=57 . doe _ . dos Voho

Eastern Part of the Sgatqf@f Falcon

~

Cumarebo . Lu=117 . Falcon _ Cre

VA
Bolivar Coastal Fields

Mene Grande . . MG=hl5 Baralt = Zulia ~ Shl,
Da. . . mmélé ) d@ o doe Shl.
Doo HG°626 d@o doe Shl.e

Bachaquero , LB=68k . Bolivar . doe. Shle
Do. o~ LB='686 doe T doe Shl.
Do, LB°’692 doe dooe Shl.
Doe i LB°69h ) d@g doe Shle
Do . LB"'696 do ° doo Shle
D@.C LB:‘?OQ - d@e d@o Shlo
Dos LB=745 _ doe dos Shl,

Do Lagunilla=19  doe doe MoGo
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Table 7.--Wells of Venezuela whose gamma-ray logs were examined--Continued

Field

Lagunillas
Doe
Doe
Doo
, Do,
Tia Juana
Do.
Do,
Dos

Mara
Doe
Do,
Do,
Do.
Do.
Doo,
Dooe
Do,

La Paz
Do.

Rio del Sarro .

Macoa.
Doe
Alturitas

Doo
Do.

Well

LS=1370
LL=l28
LL=k3k
LL=LL6
LL=LWh7
TJ=223
TJ=225
TJ=226
TJ=229
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District

-,
Bolivar
doe
do.
doe
doe
dose
dos
doe

State

do,
doe
doe
doe
doe
doe
doe
doe

Northwestern Part of the State of

Rabdn-=3
Rabans=k
Rabdn=10
Rabin-12
Rabdn=1l
Rama=1
Dm=23
MA=2
MA=9
P-101
P-114
Z=15=1
Z-20=1
Z=25=1

Alturitas=1

Silvan=2
Silvan=6
Silvan=3

Mara
doe
doe
doe
doe
do.
do.
do,
doe

Maracaibo
doo

Perija
doe
doe
doe

The Barinas Area

Barinas
doe
doe

CONFIDENTIAL

Zulia
doe
dOo
do.
doe
doe
doe
do.
doe
doe
dos
dooe
doo
doe
doe

Zulia. .

Zulia

Barinas

doe
doe

Company

Shlo
Cr,
Cre
Cro
Cre
Cre
Cro
Cro
Cro

Texe
Texo
Texe
TexXe
Texo
Texo
Shl.
Cro
Cr.
Shlo
Shl,
Rich.
Riche
Riche

SeVe
SeVo
SeVe
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The Mulata field

At the Mulata field; farther south, in well MP-42, a slight gamma-
ray peak was observed at the contact of La Pica and Las Piedras formation
of upper Miocene age,

In all fields in the Jusep1n~Santa Birbara area no abnormal gamma=
ray activity was observed, although the gamma-ray logs lacked zero refer-
ence points as well as sensitivity settings., All the small gamma-=ray
peaks are estimated to correspond to about 0,003 percent approximate
equivalent uranium and probably represent the shaley zoner or thin carbon-
iferous glauconitic beds in the rocks.

e‘ L3
San Joaguin-Guario area

Southwest of Santa Barbara in the State of 5pzoé%egui and in line
with the same structural trend, is the San Joaquin-Guario area, some-
times referred to as the San Joaqu{haauario Trend [ﬁedberg and others,
(771] This area includes a group of 10 or more fields, some of which
are the El1 Roble, Santa Rosa, Santa Ana, San Roque; Rincdn Largo, Toco,
Guere, Soto, Mapire, and La VleJa fields, In all fields, 22 gamma-ray
logs were examined,

The rocks penetrated in these fields are, in general, those pene-
trated in the Juqep;n~Sdnta Birbara area according to Mencher and others
(50) and Hedberg and cthers (77), and comprise the Oficina and Freites
formations of the Santa Inez group of Oligocene=Miccene age. Wells
usually bottom at 8,000 to 10,000 feet in the Merecure group of upper
Eocene age (chart 1, column W), Petrcleum is produced mainly from the
two lowest members, the Colerado and Amarillo, of the Oficina formation
[Mencher and others, (50)/, ' The Coloradc member consists predominantly
of shales with some fine- and coarse-grained sandstone,

E1l Roble field

Of the formatlonq penetrated in E1 Roble flelds only the Freites
and Oficina formations, and sometimes only the Oficina formation, were
gamma-ray logged, The gamma-radicactivity in all wells examined (table
7) was regular with no abnormal peaks shown on the logs., In the Colo-
rado member of the lower part of the Oficina formation, gamma-ray
activity was slightly higher than in the upper part of the formation
but not consistently so., An average of the gamma-ray activity repre-
sented by the peaks would be about 0,003 percent approximate equiva-
lent uranium,
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Other fields

The gamma-ray logs examined in the other fields of this area,
Santa Ana, Santa Rosa, Guario, San Roque, Rincdn Largo, Toco, Guere,
Soto, and Mapire were similar to those in El1 Roble field, Logging
depths range from 4,000 to 10,000 feet and include the Colorado and
Amarillo members of the lower part of the Oficina formation (chart 1,
coclumn W), The log of well G-30 in the Guario field has several peaks
in the Colorado member that are equivalent to about 0,004 percent
approximate equivalent uranium, In the Soto field the log of well SV=3
had a maximum deflection,probably also in the Colorado member, equiva-
lent to about 0,006 percent approximate equivalent uranium,

The record of radioactivity on all the gamma-ray logs in the San
Joaquin-Guario area is regalar and with only a few small peaks., The
highest peaks observed represent from about 0,003 to 0,004 percent
approximate equivalent uranium with the exception of the higher peak
in the Soto field previously mentioned,

In La Vieja field, about 35 kilometers northeast of the Guario
field, wells penetrate in general the same section of Oligocene=Miocene
rocks discussed above but the units are thinner; a characteristic of
near-shore deposition, The gamma-ray log of well La Vieja-3 extends
to 2900 feet with only a slight peak on the gamma-ray curve represent-
ing about 0,003 percent approximate equivalent uranium in the lower
part, probably La Pica formation of middle Miocene age,

The Greater Oficina area.

Sﬂuth of the San JoaoulﬂnGuarlo area but still within the State
of Anzoateguls is the Greater Oficina area that includes a group of
fields: Oficina, Chimire, Guico, Nipa, Caico Seco, Boca, Dacion, Leona,
and Arec, Of the numerous wells in these fields, 33 gamma-ray well
logs were examined,

The Greater Oficina area lies on the north=dipping southern limb
of the Maturin basin, The stratigraphic section penetrated in the wells
[Hedberg and others (76)/ consists mainly of the shallow-water-marine,
brackish-water, and continental beds of the Oficina formation of 0li-
gocene age, and the Freites formetion of middle Miocene age (chart 1,
column W). Accérding to Mencher, and others (50), all oil, to date,
has been produced from sands of the Oficina formation, These units are
interbedded glauconitic and carbonaceous sandstones and shales., The
Oficina formation contains numerous thin beds of lignitic coal,

The wells in most fields extend to depths of 5000 to 5000 feet
although those in the Nipa and Leona fields are as much as 10,000 feet
deep. . In most cases gamma-ray logs were made only of the lower 500
to 2000 feet of hole; which interval generally corresponds to the
thickness of the oil-producing zone of the Oficina formation,
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The Oficina, Chimire, Guico, and Nipa fields

In the Oficina field the logs of wells 0G-151 and 0G-300 show very
regular radicactivity. In well 0G=300 the highest gamma-ray activity
represents an average of about 0,005 percent approximate equivalent
uranium.,

In the Chimire field, the average gamma-ray highs are equivalent to
from C.002 to 0.004 percent approximate equivalent uranium. In the log
of well CHV-60 R there is a sharp gamma-ray high equivalent to about
0.006 percent approximate equivalent uranium.

The Guico field, represented by logs of wells GV-21, GV=26, GV-28,
GV-67, and GV-68 (table 7), is similar to Chimire in depth drilled and
in gamma-ray activity. Average gamma-ray highs represent about 0,003
percent approximate equivalent uranium arnd only one gamma-ray peak repre-
sented as much as 0,006 percent.

The wells of the Nipa field extend to depths of 10,000 feet and are
deeper than other wells of the area, but otherwise, the gamma-ray logs
are very similar. The higher deflections represent from about C.003 per-
cent to 0,004 percent approximate equivalent uranium. The oscillating
record of radiocactivity recorded on the 12 gamma-ray lcgs examined seems
to correspond well to the known series of thinly laminated strata that
vary abruptly over short distances.,

The small gamma-ray highs found in this area probably represent
glauconitic and carbonaceous shale and lignitic beds that are normally
slightly more radicactive than sandstones and limestones,

North central Venezuela

In north-central Venezuela, 41 wells were examined in the fields of
Las Mercedes, Lechosa, Tucupido, Saban, and Ruiz.

In general the wells of this area extend to depths of 5,000 feet and
bottom in the Temblador formation of Upper Cretaceous age. Unconformably
above the Temblador formation lies the productive marine to brackish-water
interbedded lignitic sandstone and shales ~f La Pascua formation of Oligo-
cene age [Mencher and others, (50170 Ihe formations of Hocene and Paleo-
cene age are missing, and the overlying Hoblecito and Chaguaramas for-
mations of Oligocene and Oligo-Miocene ages extend to the surface (chart
1, column Q).

At Las Mercedes field a correlatable gamma=ray high was apparent in
wells M-8, M-131, and M-159 at depths of about 4,570 feet, 4,510 feet,
and 4,550 feet, respectively. This peak, equivalent to about 0.0C4 per-
cent approximate equivalent uranium, is relatively definite and lies near
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the top of the Temblador formation. It is logged as a calcareous sand-
stone, and may be phosphatic.

In the Lechosa field, a gamma-ray log of well Lechosa~2, showed a
slight peak in the gamma-curve at about the same depth as the pesaks in
the Las Mercedes field; the peak represents about 0,003 or 0.004 per-
cent approximate equivalent uranium.

In the other fields of the area, the six gamma-ray logs examined
reflect equally weakly radicactive rocks; average gamma-ray activity
is about 0.003 percent or less approximate equivalent uranium.

The record of gamma radiocactivity of the Roblecito shale in all
these logs is very even and regular. The log of the radicactivity of
the Pascua formation of similar age is irregular but of the same
general magnitude, The log of gamma-radiocactivity of the Temblador
(Cretaceous) is very irregular, a characteristic that may be caused by
the interbedded glauconitic beds in this formation.

Eastern part of the State of Falcdn

In the Cumarebo field of eastern Falcén, the log of well-117 was
examined. This log was a record of the Caujarao and Mosquito for-
mations of Miocene age (chart 1, column L) that consist, according to
fencher ard others (50), of interbedded shales and fine-grained sand-
stones., The log was a poor one for rectification but it displayed no
gamma-ray deflections that would suggest abnormal radicactivity.

7
Bolivar coastal fields

In the eastern Maracaibo basin, the numerous coalescing shore line
and lake fields are grouped together and commonly referred to as the
Bolivar coastal fields /Mencher and others (50), and staff of Shell Car-
ibbean Petroleum Company, (46)/. Gamma-ray logs were examined of the
Mene Grande, Bachaquero, Lagunillas, and Tia Juana fields.

The stratigraphic section is complete and comprises rocks from
Recent to middle Cretaceous age, the latter of whichcverlie basement
rock at about 14,000 feet[ chart 1, column C; Sutton, (44, and Mencher,
and others (50)]. The structure is a monocline dipping gerntly southwest-
ward, Most of the oil is produced from the Lagunillas formation of Mio-
cene age, from the La Rosa formation of Oligo-Miocene age, and from the
Icotea formation of Oligocene age. Most of the wells seem to bottom in
the Potreritos (Pauji) formation of Eocene age at about 5,500 to 6,000
feet with gamma-ray logs usually recording the full depth of the hole,
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In Tia Juana field, the logs of wells TJ-223, TJ=225, TJ-226, and
TJ=447 were checked. The gamma-ray logs, in general, portray a low but
regular level of radioactivity, although there are slight gamma- ray
highs in the La Rosa and Potreritos formations that seem to correlate
between adjacent wells. The Potreritos formation according to Mencher
and others (50), is chiefly composed of dark gray to black carbonaceous
sandy shales and white oil-stained sandstones deposited under brackish-
water to shallow marine conditions. La Rosa formation (0lige-Miocene)
is composed of green-gray clayey shales in the lower part, and of sandy
shales interbedded with thin lignites and zones rich in carbonaceous
material in the upper part.

The Lagunillas field

Wells in Lagunillas field penetrate a section similar to that in
the Tia Juana and Bachaquero fields, Most of the wells are shallow and
bottom in the Potreritos formation (Eocene) at about 6,000 feet. The
Lagunillas formation (Miocene) is composed of interbedded shales, sands
and lignites; deposited apparently in alternating brackish and fresh
water (Mencher, idem), The lower Lagunillas sands form the reservoir
for most of the heavy petroleum produced in the Bolivar coastal fields.
Between the lower and upper sand lies a zone of bleached and mottled
clay bands, lignites, and black carbonaceous sticky clays that probably
originated as swamp muck (idem).

Gamma-ray logs are regular with few peaks in gamma-ray intensity.
Several small peaks reflect from the Lagunillas and Potreritos forma-
tions in all wells. In wells LL-434, and LL-447, a relatively high
peak represents a black shale of La Rosa formation.

Other fields

In the Bachaquero field; south of Lagunillas field, the log of well
lagunillas-19 shows gamma-ray peaks in the Lagunillas formation between
100 and 130 feet above the La Rosa contact. The greatest gamma-ray de-
flection is 8.1 inches on a 10-inch sensitivity scale and, therefore,
represents about 0,006 percent approximate equivalent uranium. The radio-
activity probably reflects the carbonaceous zone of Lagunillas formation.
The Miocene formations in Bachaquero field are normally low in gamma-ray
activity,

At Mene Grande field, the short gamma-ray log of well MG-415 extends
from 2,150 to 3,410 feet, and shows only gentle broad peaks with maximum
defiection equivalent to about 0,003 percent approximate equivalent u-
ranium,
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Northwestern part of the State of Zulia

In the northwestern part of the State of Zulia, between Lake Mara-

caibo and the qulJa Mountains, the major oil fields are Mara, La Paz,

and La Concepcion., Gamma-ray logs were examined from these fields, and
also from Macoa, Rio del Sarro ard Alturitos fields., The stratigraphic
sequence covered by gamma-ray well logs in this area is restricted usu-
ally to the Coldn, La Luna, and Cogollo limestone formations of Cre-
taceocus age, that are the principal oil-producers. The dark massive
shales of the Coldn formation are characteristically low in gamma-ray
.activity and the curves very regular. The dark bituminous limestones

and shales of La Luna formation are uniformly more radicactive, and are
reflected on the gamma-ray curve as a plateau that represents about 0,004
percent approximate equivalent uranium, or twice the normal radioactivity.
Upon this plateau are superimposed several sharp peaks of much greater
amplitude. The peak at the base of La Luna, which is usually the most
prominent , is a correlation unit for wells all over the western Maracaibo
basin and, due to an abundance of phosphatic fish remains; has been termed
the "fish-bone bed' [he radioactivity of this bed; usually 10 to 20 feet
thick, ranges from 0.005 to 0,014 percent approximate equivalent uranium,
{See section on Radioactive shaly limestone in westem Zulia. )

The massive highly fossiliferous gray limestone of the Cogollo for-
mation is generally only weakly radioactive, although small gamma-ray
peaks usually are shown on the gamma-ray logs. These peaks represent
about C.0CL percent approximate equivalent uranium except in well Rabdn-14
of Mara field where one peak represents C.,006 percent.

Mara field

The "fish-bone bed" is the least Tadlcactlvey about. 0,004 percent
approximate equivalent urerlumg in wells Rabsn-3 and Rabdn-4 of the Mara
field.

Well Raban-12.--In well Rstbf;ﬁ'lmlz9 the log of the "fish-bone" bed repre-
sent s about 0,008 percent approximate equivalent uranium. Two cther gamma=
ray peaks in La Luna formation represent about 0.005 percent approximate e-
guivalent uranium. These three sharp, narrow peaks in gamma-ray intensity
are illustrated in figure 21.

/
Well Raban=14.-==In well Rabén=149 basal La Luna fommation is very high
in gamma-ray activity--0.,011 percent approximate equivalent uranium.

Well Rama-l.--In well Rama-1, located in the central part of the Mara
field, a complete gamma-ray log was made of the entire Cretaceous sequence.
On the log the plateau of radicactivity of La Luna formation is well dis-
played between the lower levels of radiocactivity recorded in shale of the

younger Coldn formation and the massive limestone of the older Cogollo
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(Capacho) formation. The log of the basal "fish-bone'" bed of La Luna
formation represents about 0,014 percent approximate equivalent uranium.
The well was completely cored and samples of this radicactive zone were
taken for study. See table 4,

One sample of the most radioactive bed is a dark gray fine-grained,
fossiliferous limestone., A thin-section shows abundant calcareous micro-
fossils of Globulina and Gumbelina in a ground mass of carbonaceous clay.
Numerous fish scales in this sample have been altered to a bluish-white
mineral, probably vivianite, an hydrous phosphate of iron. A cnip of this
same sample contained 0,008 percent equivalent uranium by radiometric a-
nalysis., All the core samples were analyzed in the Trace Elements Section
Washington Laboratory of the United States Geological Survey. The re-
sults are listed in table 4, and discussed in the section of the report on
Radicactive shaly limestone in the western part of the State of Zulia.

Wells MA-2 and MA-9.--Wells Ma-2 and Ma-9 are east of the axis of the
main Mara structure; consequently La Luna formmation is much deeper, from
10,490 to 10,520 feet, The maximum deflection of the basal bed here is
12.8 inches at 10-inch sensitivity scale or about 0,009 percent approximate
gquivalent uranium,

La Paz field

La Paz field is southwest of the Mara field and along the same structur-
al trend. Gamma-ray logs of wells P-101 and P-11) show the same gamma-ray
plateau of La Luna formation with an anomolous peak at the base. In well
P-114 the gamma-ray deflection of the "fish-bone bed" was about 18.5 or more
inches at a 10-inch sensitivity scale, which represents more than C.0l3 per-
cent approximate equivalent uranium. The gamma-ray log of this part of the
formation is shown in figure 22, Samples of the core of this section were
also sent to the Trace Elements Section Washington Laboratory for analysis,
Samples contain from C.002 to 0.030 percent equivalent uranium and from 0,002
to 0,027 percent uranium. The Cogollo (Capacho) formation in La Paz field
reflects several small sharp gamma-ray peaks as it does in wells in the Mara
field. One peak, representing about 0,005 percent approximate equivalent
uranium, is slightly higher than the average of La Luna.

Other fields

In the abandoned fields of Rio del Sarro and Macoa, at the base of the
Perij4 Mountains, southwest of La Paz field, wells Z-20-1, and Z-25-1;, and
Zulla 25-1 penetrate rocks of Cretaceous age that are broken by'normal
faulting. La Luna formation, however, is still evident as a gamma-ray high
with the greatest deflection just above the contact with the Cogollo for-
mation., These gamma-ray logs were perhaps the oldest logs examined as these
fields were the earliest found in the Maracaibo area., Consequently, log
data were insufficient for evaluation of deflections.
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In the Alturitas wildcat well, AIT-2, southwest of Macca field, the
Cretaceous rocks are very deep., The well bottomed in the Cogollo for-
mation at a depth of 15,820 feet. Here also the entire La Luna formation
is reflected as an irregular plateau on the gamma-ray log with the highest
deflection at the base of the formation.

The Barinas area

The Barinas area;, in the State of Barinas, is near the foot of the
southeast slope of the Venezuelan Andes. Company competition iskeen in
the area; and consequently, little data were available. The gamma-ray
logs of three wells were examined, Silvan-2, -3, and =6,

These wells bottom in the Fortuna (Mito Juan) formation of Upper
Cretaceous age (chart 1, column H). The Fortuna consists of limestone
with thin beds of black fossiliferous shales and sandy glauconitic shales;
the dark glauconitic shale contains abundant fish scales. Stratigraphically
above the Fortuna formation is the Esperanza formation also of Cretaceous
age. Although no very prominent gamma-ray deflections are shown in the logs,
low gamma-ray peaks are registered on the logs of the Fortuna formation in
well Silvan-3, and on the log of the Misoa formation (Eocene) in well Silvan-
2, In well Silvan-6 similar low peaks are registered on the gamma-ray record
of the Misoa formation and again in glauconitic sand of the Fortuna formavion.
There 1s alsoc another slight increase in the gamma-ray activity in the Es-
peranza formation.

0il well gas analyses

Helium and free hydrogen may be of radiogenic origin and the presence of
either gas may, therefore, be indicative of radiocactive source material. In
an attempt to determine if either helium or hydrogen occurs in Venezuela,
several of the oil-producing companies were questioned about reservoir gas
analyses, Although it was the general opinion that analyses for helium had
never been made, it was the general belief that helium does not occur in the
fields of Venezuela.

The Texas Company, through the courtesy of Mr. Everett Dobson, donated
general analyses of gas samples from various parts of the country. The vari-
ous constituents include the gaseous paraffins (methane group), and small a-
mounts of COp, but neither helium nor hydrogen. The constituent gases com-
prise 100, or slightly more than 100 percent of the total, and there is,
‘c,here:i‘or’es9 little room for other constituents, if the analyses are reliable,
One sample from the central part of the State of Gudrico contained less than
half a percent free nitrogen.
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Conclusions and recommendations

Gamma-ray well logs represent an abundance of data about the radio-
activity of the materials logged, and where avallable, afford a relatively
simple means of radiometric reconnaissance in themselves., The data may
also be used to direct field examination, or to calculate reserves of low-
grade ore, It is concluded from this preliminary study that: 1), La Luna
formation in the western part of the State of Zulia is of the greatest
interest because of its significantly higher average level of radiocactivity
(about 0.0CL percent approximate equivalent uranium); 2), only thin zones in
other formations in other parts of the country reach or exceed this level
of radicactivity, and they are, at least for the present, not of such
interest; 3), additional study is required.

It i1s; accordingly, recommended that more study of gamma-ray logs be
done in the western part of the State of Zulia, and that, in general, the
gamma-ray log program be continued, and expanded.

In western Zulia, more gamma-ray logs of the bituminous fossiliferous
radicactive shale and limestone of La Luna formation, and particularly of
the basal phosphatic, more highly radicactive "fish-bone" beds need to be
examined to aid in the economic evaluation of the rock, For the same
reasons more thorough study should be made of all gamma-ray logs available
and of those new logs that become available in the future. The study should
be coupled with the petrographic, chemical, and spectrographic examination
of well-core and outcrop samples and a general geologic study of La Luna
formaticon in the Maracaibo basin,

The general gamma-ray log program should be continued and expanded in
order to obtain radiometric data from other areas, as well as to obtain
more complete data about those areas scanned in this preliminary survey.
Gamma-ray logs of wells should be examined as they become available., Core
samples of abnormally radicactive rocks that have been gamma-ray logged
should be analyzed radicmetrically to establish a better calibration of
gamma-ray log deflections to percent equivalent uranium, or verify that
used now,

In the study, a system of recording data should be developed, such as
tabulating well number, field, depth and magnitude of greatest deflections
in inches and also percent approximate equivalent uranium, general radio-
activity of the formation or unit, and remarks, This data might be later
arranged in a compilation chart showing the relative radiocactivity of rocks
of northern Venezuela, and applied to correlation studies and the continued
search for uranium deposits.,

To facilitate the compilations, arrangements should be made to obtain
new logs as they become available and to study the ones already available.
The Petrotec Company, in particular, has shown an interest and willingness
to cooperate and will probably continue, if requested, to call attention
to abnormally radioactive zones as indicated on gamma-ray logs and also to
aid in interpreting the logs.
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- SUMMARY OF URANIUM POTENTIALITIES OF VENEZUELA

Although much more study is required before an authoritative appraisal
of the uranium potentialities of Venezuela can be made, we feel that the
results of the present investigation are sufficiently definite to warrant
an evaluation of rock types and areas that contain uranium and in which
further work should be done. More reconnaissance should, of course, be done,
examining representative black shales, phosphates, continental deposits of
red bed type, crude oils, placers, and mineral deposits.

Uranium has been found in Venezuela in the following rocks and areas,

' llsted in order of potential economic value:

1) In phosphatic "fish-bone" shales of the basal Coldn formation and basal
La Luna formation in the State of Trujillo and the western part of the State
of Zulia, respectively;

2) In Quaternary or Recent alluvial deposits near Ciudad Bollvar, State of
Bolivar; at Santa Catalina, Territory Delta Amacuroj; from several localities
in Tefrltory Amazonas; and in the "black sand" beds in the basal part of the
Roraima series at Peraitepuy, Gran Sabana, State of BOllV&r,

3) In the pegmatites of Mérida and Timotes, State of Merlda, and in pegma-
titic facies of the Archean, (?) basement complex near Ciudad Bolivar.

In addition to these rocks and areas, a specimen of sandstone impreg-
nated with the yellow secondary uranium mineral autunite (?) or schroeckin-
gerite (?) was seen that is reported by its finder, Dr. V., S. Paullkg to
come from the "red beds" of the La Grita-Seboruco area, State of Mérida.

Hot springs of Las Trincheras, State of Carabobo, and Las Fuentes, near
Urenas State of Tachira are radioactive, but most of the radioactivity is
probably caused by thorium and its decomposition products, rather than by
uranium. The metalliferous deposits examined have not been notably radio-
active but more work is needed before they could be classed as nonradio-
active, and it is pitchblende deposits that are currently in greatest demand.

The phosphatic shales of the Coldn and La Luna formations offer promise
of large tonnages of relatively low-grade uranium ore, with the possibility
of byproducts such as shale oil, calcium phosphate, and metals such as
molybdenum, rare-earths, and nickel. The grade of samples taken ranges from
0.003 to 0.03 percent equivalent uranium, 0.002 to 0,027 percent uranium,
and areas of higher-grade ore may be found by additional work.

The radioactive heavy minerals zircon, monazite, samarskite (?), and
probably others as yet unidentified, occur in a sufficiently great number
of placer deposits to suggest that still richer concentrations may be found.
Radicactivity may be caused largely by thorium--rather than uranium-series
elements, but even so, it might be possible to segregate sufficient material
as a byproduct of large-scale gold or diamond dredging operations to merit
stockpiling.

CONFIDENTIAL




CONFIDENTIAL

100

The pegmatites have never been large-scale producers of uranium, and
it is unlikely that the uraniferous pegmatites gither of the State of Merida
or of the Brazilian shield in the State of Bolivar will be of economic
importance, even as byproducts producers in large-scale operations, because
none of the pegmatites seen appear to contain enough other minerals of
sufficient economic value to warrant large-scale operatien.. Residual placers
derived from these pegmatites might be of economic interest, but they too,
would probably need the presence of other valuable constituents to be worth
mining,

If the occurrence of secondary uranium minerals in the "red beds" of
the La Grita-Seboruco area, State of Merida is confirmed, then all areas
underlain by La Quinta and Tomch formations in the Andes and possibly in the
Perija” Mountains of the State of Zulia are potential host rock for uranium
deposits of the carnotite or copper-uranium type, and a search for such
deposits should be started. Such deposits, if of sufficient grade and ton-
nage, would rank first in the economic graduation of uranium deposits in
Venezuela, Another "red bed" sequence, that of the rocks of the Roraima
series in the Gran Sabana, also merits additional study for carnotite or
copper-uranium deposits.

In summary, the uranium potentialities of Venezuela seem to be excellent
for large low-grade deposits of phosphatic shale; fair for low-grade placer
concentrates; poor for hydrothermal metalliferous deposits of the Katanga,
or Great Bear Lake type; it is highly possible that "red bed" deposits of
the carnotite or copper-uranium type will be found.

RECOMMENDATIONS

The recommendations discussed below are made with the prem%§e ppat the
program of study of radioactive material started by the Direccion Tecnica
de Geologia of the Ministerio de Minas e Hidrocarburos of the Estados Unidos
de Venezuela will actively continue. With this in mind, the search for
fissionable material can be undertaken in two ways, 1), by ammassing and
evaluating data on the radicactivity of any or all rocks, soils, and fluids
in the country, and 2), by searching in specific mines, areas, or rock
types, chosen on the basis of geologic favorability, or selected from the
reports of prospectors. The two methods are not mutually exclusive and much
data of both general and specific use may be obtained from either.. It is
assumed that the program will continue to be administered on a sound geologic
basis, That is to say, in the administration of the program, sound geologic
theory should be the basis for the thoughtful application of the ever--
increasing knowledge of the distribution of uranium, and of the processes
that cause the distribution of uranium in the earth's crust.
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Amassing data

Much valuable data regarding the radioactivity of rocks and fluids in
Venezuela could be obtained relatively simply by scanning, radiometrically,
collections of samples; by expanding the gamma-ray log program; by enlisting
the aid of other competent field men both in the Direccidn Tetnica de Gealogia
and in allied governmental agencies; and by enlisting the aid of the general
public.

Examining collections

More than 90 percent of the data obtained from any mass program, such
as determining the radiocactivity of the 90,000 samples in the laboratory of
the Creole Petroleum Corporation in Caracas, is bound to be negative, that
is, more than 90 percent of the samples will be of normal or sub-normal
radioactivity. Yet, if the data are adequately measured and recorded, neg-
ative data can be of considerable use both in tentatively outlining rocks
and areas that need not be examined further, and in establishing the normal
radiocactivity of the rocks of Venezuela, In this particular case it is
probable that by carefully studying available gamma-ray logs, samples can be
chosen for radiometric analysis, thus eliminating many areas and most of the
90,000 samples from consideration,

Other rock collections that might also merit radiometric examination
are those of other governmental agencies, of colleges, and of other oil
companies. Still another source of information amenable to mass-sampling
methods is crude oil or gas, samples of either of which should be readily
available, In any such large-scale program, great care should be taken to
obtain reliable data, and a laboratory scaler should be used on uniform:
samples,

Continuing and expanding the gamma-ray log program

A second general method of rapidly obtaining a mass of information
about the radioactivity of source materials in Venezuela is by the continued
study of gamma-ray logs. By means of gamma-ray logs and suitable core
samples approximate estimates may be obtained of the radicactivity of the
materials penetrated by the wells and recorded bn the logs. Inasmuch as
many hundreds of gamma-ray logs have been and are being used in most of the ~
major oil-producing areas, it should be possible to obtain sufficient data
so that estimates could be made of the normal radiocactivity of most of the
sedimentary rocks in northern Venezuela. The discovery of abnormally
radicactive fluids or rocks, such as the "fish-scale" bed in western Zulia,
and their subsequent study in the field and laboratory would, of course, be
an essential byproduct of the study.
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The section in this report discussing gamma-ray logs clearly indicates
that a more general program should follow this preliminary study. In the
general program, gamma-ray logs of a greater number of wells, of wells that
penetrate more, and of more representative stratigraphic sections should be
examined, A suitable system of collating information would record information
already available and keep abreast of new gamma-ray logs. It should be
kept constantly in mind that geologic data are required in addition to
purely physical radiometric data in order to arrive at any sound conclusions
regarding the distribution of uranium in the rocks and fluids of Venezuela.
A wealth of subsurface information could be obtained during this program
that would help place uranium in its proper geologic perspective.

Using Geiger counters

General radiometric data and, possibly, specific pos¢t1ve information,
could be readily obtained if those members of the Direccidn Teenica de
Geologiﬁ engaged in field work would use Geiger counters in the field. The
onerous chore might be lightened somewhat by recalling that radioactive beds,
such as the phosphatic ngles of Chegende, or the group of pegmatitic
gneisses near Ciudad Bolivar, could be traced and mapped by means of their
radioactivity.

Although the unlt studying radiocactive materials is properly established
in the Direccich Técnica de Geologia, information could be obtained by other
agen01es of the government., For example, competent mining engineers of the
Direccidn de Minas could obtain invaluable geologic and radlometrlc data
about some areas they examine, and submit it to the Di ireccidn Técnica de
Geolcglao

Interesting and enlisting the aid of the public

A fourth source of both specific and general data is the general
public. If it were generally known that samples were welcome, that the
discovery of uranium would not be penalized but rewarded, and that scientific
studies open to comment and criticism were to be published, much more
information would undoubtedly be forthcoming.. :

By free analyses

One means of encouraging the general public to give
information would be to establish a policy of free analysis of samples
submitted. The‘;adlometr¢c equipment now installed in the laboratory of
the Direccién Técnica de Geologia is adequate for routine radiometric
analyses. This equipment should be supplemenfyed by the installation of .
minimum facilities in the Laboratorio WNacional to make chemical analyses of
radioactive elements., The results of the radiometric analyses should be
given to the person submitting the sample,
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By clarifying or revising the laws

During the course of field work we have talked with at least four mining
men who have stated that they are neither interested in searching for, nor
want to find uranium because all radioactive source material is a national
reserve and of no value to them; and, moreover, they are subject to
penalties for searching for it. One of these men stated that the discovery
of uranium in a gold mine, for example, would probably force the closing of
the mine. Another '"had heard" that it was illegal to import Geiger counters.
The validity of these statements is only pertinent in so far as the present
mining law is restrictive, It is not our intention in this report, or even
within our sphere of knowledge, to suggest specific changes in the law, but
it would appear desirable, as suggested by Larson (13), for the government
to clarify its position either by amending or by revising present laws so
as to protect the legitimate interests of Venezuela and still encourage the
search for uranium. A further stimulus that might be considered in this
regard, is the offering of a bonus for the discovery and/or production of
ore of certian types and minimum uranium content. Parenthetically, the
offer of such a bonus by the Atomic Energy Commission in the United States
of America may have done more to stimulate the general search for uranium
than any other single step taken, even though no one, up to at least June
1951, had ever fulfilled the terms imposed and collected the bonus.

By publication

Another important method of encouraging the active search for uranium
by persons not nfficially connected with the governmental program is that
of publication, In the first place, it seems highly desirable, in view of
the many misconceptions commonly held, to publish a statement giving the
general position of the government relative to radioactive material. Such
a statement should not be delayed until after laws may be revised, or a
bonus offered, or & more elaborate program established, but should be issued
now; and other statements issued later as conditions change or as the
situation warrants. In the second place, it is strongly recommended that
the results of geologic examinations be published soon after completion of
each examination., The prompt publication of such studies would encourage
and direct discussion, as well as increase the morale and usefulness of the
geologists., ‘
1) Publication would encourage open, informed discussion among geologists,
mining engineers, prospectors, and other interested people and thereby
further the government's program.
2) Published papers could, by careful treatment, indicate subjects that
could be freely discussed and those that could not, thereby directing
discussion and establishing and clarifying a security program. Regarding
security, the underlying principle of protecting governmental interest could
be fully satisfied by preparing reports in two parts, one of general geology
for publication containing all information except average grade, available
tonnage; and economic potentialities; the other, for governmental use
covering only these three itemized '"sensitive" items.,
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3) Prompt publication of geologic studies completed would tend to sustain

or increase morale by giving the writers professional recognition, the

chance to benefit from the discussion of informed readers, and the experience
and obligation of collecting data with pubtlication in mind. It would also
serve noiice that the program of investigation of radicactive source
materials in Venezuela of the Direccich Tetnica de Geologfé is on a sound
basis and actively functioning. As a start, it might be a good idea to
publish parts of this report, and of some of the other rgports of radio-~
metric studies previously made by members of the Direccion Teenica de
Geoclogié.

Searching in specific areas

As byproducts in the accumulation of a mass of information concerning
radicactivity in Venezuela would be the discovery of specific areas or rocks
meriting additional study. In addition to this source of specific informa-
tion, geologic experience suggests that there are some favorable rock types
that should be examined for uranium., Another source of specific information
is; of course, hints and rumors from prospectors, the press, and others..

Examining favorable rock types

As discussed in the introduction to this report, some rocks that may
be regarded as preferred host rocks for uranium deposits are: terrestrial
sandstone and conglomeratic beds of %red bed" type such as the Roraima
series, and especially cupriferous "red bed" formations such as La Quinta
and Toméh formations; heavy minerals in sands, especially those derived
from felsic granitic rocks such as the granitic rocks of the Andes and of
parts of the Brazilian shield; thin black shales and all marlne phosphatic
beds, such as the phosphatic "fish-bone" beds of the Coldn and La Luna
formations; coals and other carbonaceous deposits, especially impure lignites
beneath unconformities, thucholite;base-metal gold or silver mines,
especially those with siliceous or Felsic granitic wall rocks. In addition
to these; other materials that merit examination in any radiometric recon-
naissance are hot spring waters; crude oils and gases, and residual-clay
soils. In the reconnaissance investigations reported in this paper we have
been guided, in general, by these favorable rock types. Radiometric recon-
naissance should continue in other parts of the country, and should likewise
be guided by these and any other favorable rock types discovered in the
program of amassing data or reported elsewhere in the world. For example,

a reconnaissance for radioactive source materials in the eastern part of
Venezuela should include, among other possibly radiocactive source materials,
the black shales of the Barranquin formation, many coal beds, the hot springs
at El1 Pilar, the asphaltite of Guanoco, stream and beach sands, and :
representative oil refinery samples.
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Investigating hints and rumors

Even though most of the hints and rumors of uranium discoveries prove
to be false or exaggerated, the discovery of one good clue among ten
investigated, far outweighs the disappointment of the nine bad ones. As an
example, if the discovery of uraniferous sandstone in the Andes reported by

r. V. S. Paulik is authentlc%ped then the cupriferous La Quinta and Tomon
formations in the States of Tachira, M&rida, Trujillo and perhaps western
Zulia are definitely established as potential host rocks for uranium; in
addition, other uranium deposits of the carnotite or copper-uranium type
may be found by intensive prospecting.

Among the hints and rumors of uranium deposits in Venezuela currently
available are the following:
1) Charles Beech, lumberman, associated with the Amacuro Mining Company
reports that a Geiger counter registered abnormal radicactivity in the pre-
Cambrian rocks along the "Siberian fault zone" that was traced from British
Guiana into the southern part of the Territory Delta Amacuro. The analyses
of samples reportedly taken were supposed to have been given to the writers
but have not been received,
2) Dr., V. S, Paulik, prospector, reported to us the occurrence of green
and yellow uraniferous ore from the Five Star district in British Guiana
between the Barama and Barima Rivers., This area would be just east of the
boundary between the Territory Delta Amacuro and the State of Bollvar, and
in the same general area as that of Mr, Beech!s reporU°
3) A letter received from Dr. Pedro GuzmanE Seccidn Bella Vista 145,
Maracaibo, stated that pitchblende and monazite sand had been found in the
sands of Lake Maracaibo (see section in this report titled Beach sands of
Maracaibo). Dr. Pedro Guzmén Bufaete, of Caracas states that the letter
came from his father, now dead for 4 years, and that any investigators
should contact his brother, Dr. Emiro Guzmén Rivero, telephcne 2011,
Apartado de Correos 83, Maracaibo,
L) Newspaper articles have reported uranium in the swimming pool of the
Country Club at Barcelona; in Los Monjes islands; and most recently, reported
in the paper Ultimas Noticias, March 8, 1952, on Margarita Island.
5) Other hints can be gained by studying the geologic literature and
applying the principle of geologic favorability. For example, many of the
descriptions of rocks in the Andes contain references to either phosphatic
beds, black shales, or cupriferous sandstones, all of which should be
examined radiometrically in any thorough study of radioactive source
materials,

Concentration of future work

The results of our investigations suggest that more thorough geologic
and radiometric investigations should be made of the phosphatic "fish-bone"
beds of the Maracaibo basin and probably in the Andean States, of the
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cupriferous La Quinta and Toméh formations in the Andes, and of the more
felsic\;ocks of the Venezuelan Guayana, Territory Delta Amacuro, and State
of Bolivar. )

In the Maracaibo Basin

The work recommended on the phosphatic "fish-bone" bed is: more
reconnaissance; field-mapping and sampling; and a general geclogic study of
the region, Reconnaissance is required to determine more exactly the
approximate limits of the uraniferous beds that we have found in the Mara
field, State of Zulia and near Chejende, State of Trujillo. Field mapping
and sampling of the uraniferous beds are required to give more exact knowl-
edge of extent, thickness, and uranium content. In the western Zulia region
these data can be supplemented by much information available from well cores
and well logs, especially gamma-ray logs. A general geologic study making
use of isopach and isofacies maps of the Colch and La Luna formations in the
Maracaibo basin should be initiated. The goals of the study would be to
determine the distribution and reasons for occurrence of the abnormally
radicactive beds, so that others might be found. Here too, much data could
be obtained from well cores and-.logs, although it would require personnel
experienced in subsurface geology and stratigraphy.

In the Andes

The first work required in the La Quinta and Tomdh formations is to
chetk the reported occurrence of uraniferous sandstone on the rio Agaraveca
near La Grita. Regardless of the authenticity of the occurrence all the
areas currently being examined for copper in these rocks should be examined
radiometrically. If the occurrence is authenticated, then more weight
might well be given to the investigation of radioactivity than to the search
for copper, and the deposit should be mapped in detail and physically
explored,

In future radiometric studies in the Andean region, pegmatites, felsic
igneous rocks, and hydrothermal metal deposits should be examined.

In the Guayana

The more Felsic rocks of the Brazilian shield in the Venezuelan Guayana
may warrant additional geologic study even though the known radioactivity
is caused by the group of pegmatitic rare-earth-thorium minerals that are
not generally considered to be good sources of uranium.

/
The study in the northern part of the State of Bolivar could be based
cn the maps made from the aerial photographs flown in conjunction with the
aero-magnetometer survey, and should take advantage of the portable radiation
meters of high counting-rate. In this regard, it might be of interest to
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examine more closely the cost of commercial airborne radiometric surveys,
for most of the first terraine north and west of the Gran Sabana is ideal
for the low-level flights required. Information about airborne surveys
could be obtained from Frank W, Stead (79).

In the more detailed study of individual areas such as the Cerro
Toribio--Rio Claro area, or the Ciudad Bolivar area, a suitable end product
would be not simply the geologic mapping of the area, nor simply a record
of radicactivity, but an integrated study combining and interpreting both.

In addition to these specific areas, much radiometric reconnaissance
in this vast region remains to be done. It is not suggested that exploratory
expeditions in search of uranium alone be organized, but it is suggested
that any expeditions organized for other purposes should be equipped with
Geiger counters and accompanied by geologists trained in their use and
maintenance. Furthermore, the search for uranium should be considered as
one of the purposes of the expedition. In geologic studies of the Guayana
it would be wise to examine radiometrically the basal beds of the Roraima
series and many more mineral deposits.

Facilities required

For the proper functioning of the program of search for radiocactive
source material in Los Estados Unidos de Venezuela, laboratories and a
collating and collecting unit are required. .Such facilities, at least for
the present, need not be large nor require additional personnel.

Laboratories

The radiometric equipment brought from the United States Geological
Survey's Radiation Laboratory in Denver, and now installed in the Caracas
laboratory of the Direccién Tenica de Geologia is probably sufficient for
the current needs of the present program. It would be desirable to have
more portable rate meters of the type that are sealed against tropical
dampness. As an approximate guide to the number required, two for each
field party, one for use and one for a spare set should be sufficient. The
repair of Survey meters in the field is not recommended. Probes of high
counting rate, such as the 20- and 40-inch probes, are very useful in field
surveying; inasmuch as the useful life-term of these probes is determined
by the total number of pulses received, additional probes are required.

Maintenance facilities are perhaps adequate for simple repair of the
portable rate meters now on hand. If more are obtained, and if the
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laboratory scaler needs repalrlng, the services of an expert technician will
be required. If a technician is hired, it is recommended that he be sent

for instruction to the Radiation Sectlon, Geophysics Branch, U. S. Geological
Survey in Washington, D. C. (Stead 79). As an alternative fo hiring a
technician, it might be advisable to make arrangements with a reliable

radic repair shop for more elaborate repairs, or for that matter, for the
standard maintenance of all the radlometrlc equipment including the order-
ing of tubes, batteries, etc.

There is at present no laboratory in Caracas that is equipped to make
chemical analyses for uranium or thorium. Dr. J. L. Prado, Director of the
Laboratorio Nacional, has affirmed his interest in training one or two
chemists in analytic procedires, ané in obtaining a minimum amount of
equipment necessary for making routine chemical analyses for radioactive
elements. It is, therefore, recommended that two chemists of the Laboratorio
Nacional be sent to the U. S. Geological Survey's Trace Elements Section
Laboratory in.Washington D. C, for instruction in methods, techniques, and
equipment required.

Collecting and collating unit

The unit for collecting and collating data need not be large but should
be given no other assignments. That is to say, the job requires the full-
time of at least one, and preferably two geologists. The part-time assist-
ance of other specialists such as petrographers or geologists familiar with
certain areas will continue to be needed. Methods of collating the data
obtained should be devised so that information is readily available and the
filing system capable of expansion. Preparation of reports for publication
of both laboratory and field studies is strongly urged as a very good way
to keep data in hand, available, and therefore useful, and the preparation
of reports for restricted circulation of information regarding average grade,
tonnage, chemical processes, etc, is similarly recommended for this type of
data.

One indispensable adjunct to the organization would be a library. The
published_p>}mrs brought down with the twe senior writers for the use of the
Direccibn Tecnica de Geologia would serve as a nucleus for the library,
which could be gradually built up by the addition of other pertinent books,
pamphlets, and articles.

General comments

It would, obviously, be desirable for the chief of the Unit charged
with the responsibility of studying radioactive source materials in
Venezuela to have a first-hand knowledge of some uranium ore deposits. It
is suggested, therefore, that he be sent to the United States of America to
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examine some of the black shale, phosphate, carnotite, copper-uranium, and
pitchblende deposits. It might also be considered desirable for him to
examine some of the lode uranium deposits of Columbia.

It is the considered opinion of Wyant and Sharp that the chief of the
unit should be an experienced field geologist with a wide knowledge of
general geology and geologic processes, and especially versed in stratigraphy
and subsurface geology. He should be assisted by at least one less-
experienced geologist who is familiar with prospecting techniques.

In conclusion, the U, S. Geological Survey, and Wyant and Sharp, in

particular, will continue to be interested in the developments of the
program and stand ready to give what advice, aid, and assistance they can.
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