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ABSTRACT
Prospecting and exploration for uranium and other nuclear
minerals have one advantage over prospecting for other metals, be
cause it is their inherent radioactivity.

Radioactivity in the

earth is not confined solely to these elements but also to radia
tions coming from cossic rays and from fallouts from large-scale
atomic and nuclear explosions.

The primary uranium mineral is

uraninite; however, concentrations of other uranium minerals may
also lead to* an economic deposit.

Thorium is about three times

more abundant than uranium in the earth's crust.

Uranium is prac

tically found in many types of geologic environment it being
ubiquitous and very mobile.

Uranium deposits are classified in a

descriptive manner, owing to lack of basic information as to its
origin.

These classifications are peneconcordant, for deposits in

conglomerates and sandstones; discordant, for vein, pegmatite and
contact metamorphic deposits; concordant for deposits in shales and
phosphate rocks; and miscellaneous, for deposits in beach and
placer sands containing mostly thorium minerals.

The different

exploration techniques and their associated instrumentations are
discussed from a regional scale survey to a detailed survey.

To

date, only the Larap copper-molybdenum-magnetite deposit at the
Paracale district, Camarines Norte in the Philippines, has been
found to contain uranium as discrete uraninite grains in the ore
mineral assemblage of the deposit.

PAEC(D)75002

INTRODUCTION
This paper is intended mainly to give an insight as to how
prospecting and exploration for uranium and other nuclear raw mate
rials are conducted.

Uranium

differs from other metals in that

its natural ores are radioactive, and its deposits small.

The pro

jected requirement for uranium in the Philippines as fuel not only
for the country*s research reactors, but also for the proposed
nuclear power plants to be set-up in the country soon, the need to
find local uranium sources is of utmost importance.

Hence, a sound

knowledge of the different exploration techniques for uranium is
very necessary.

Although the methods involved in uranium explo

ration are different from those employed in the exploration for
base metals, exploration for uranium can give much information use
ful to the search for base metals.

The Philippines, geologically

speaking, has a slim chance of finding a sizeable uranium deposit,
but with the use of sophisticated instruments and techniques, the
potential for economic uranium mineralization can be established.
Thus, the prime necessity for a sound background of the different
exploration techniques*
The paper is divided into fou-. parts.

Part I deals with

radioactivity and uranium minerals, Part II with the geology and a
brief discussion of some classical uranium deposits of the world,
Part III with the different exploration methods, and Part IV
touches on the country's possible areas for uranium mineralization.
An understanding of the mineralogy and geology of the different
• 2 -

PAEC(D)?5002

uranium deposits of the world will aid greatly the exploration in
the Philippines, though no two areas have exactly the same geology,
a thorough knowledge of the geologic contitionR of one deposit vill
help greatly in exploration for one prospect area having similar
geologic environments.

The discussion in Part II allows selection

of geological environments within the Philippines, potentially
favorable for uranium mineralization*

3

PAEC(D)75002

PART I
RADIOACTIVITY AND URANIUM MINERALS
URANIUM AND ITS USES
Uranium is a silvery white metal that consists of the three
238
235
234
semi-stable radioactive isotopes U
, U
and U
.

Its main use

235
is as a source of atomic energy be'cause fission of isotope U
releases large amounts of energy.

This readily fissionable nuclide

238
constitutes only about 0.7# of natural uranium, while U "^ makes up
234
aost of the remaining 99.3#, and U ^
%

238
only about 0.005#.

?

is

not readily fissionable, but under neutron bombardment converts to
plutonIum-239, which is fissionable 1'Cameron, 197*0•

Uranium, also

has been formerly used as a source of radium, a disintegration pro
duct of uranium prized for its curative power.

Uranium salts were

also used to give yellow and brown colors for glass and glazes and
for special alloys of steel, copper and nickel (Batenan, 1990)•
RADIOACTIVITY
Because uranium and thorium possess a very distinct property
prospecting for these nuclear minerals has a major advantage over
prospecting for other metals.

This distinct property is known as

radioactivity, and it is caused by the emission of charged parti
cles from the nuclei of these elements changing into other elements,
Uranium and thorium themselves do rot actually contribute much of
the radiation that comes from their minerals.

Most of the radia

tion comes from a number of other elements derived from the
- k -
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radioactivity decay of uranium and thorium.

The uraniumuin uranium

minerals is made up of the typer. of atoms as a very minute amount of
integration of

and U

as discussed earlier.

— an well
The dis

causes the formation of other elements known as

daughter elements, which in turn are also radioactive until a final
inactive element is formed.

This is commonly known as the radio

active series. Tables I, II and III show the radioactive series
for u

Th

f

and H

(actinium series), respectively.

NATHHAL RADIOACTIVITY
Since the discovery of radioactivity in 1896 by Becquerel,
nearly every known element has been examined for evidence of natu
rally occurring radioactivity.

It was found out that all elements

found in natural sources with atomic number greater than 83 (Bi)
*f0
50
are radioactive with the exception of K
and V .

The presently

known natural radioactivities are shown in Table IV, other than
those of the uranium, thorium and actinium series ir. the previous
tables.

In some of thef*e elements, the particular isotope respons

ible for the radioactivity occurs in very small abundance and in .,
other-cases, the half-lives- are.extremely long.
In Table IV, percent isotopic abundance refers to the distri
bution of these elements and their isotopes in the solar system and
in other parts of the universe (direct observations on isotope
abundance are confirmed largely to terrestial and meteoritic
material)

(Friedlander et al, 1964).

-5 -
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1+ can be readily gathered from the discussions that radio
activity is not confined solely to uranium and thorium.

There is

always a general background of radiations present everywhere, which
is due to the presence of traces of uranium, thorium, potassium,
etc., and in large part to the cosmic radiation of unknown origin,
which reaches every portion of the earth's surface, the intensity
greater at high altitude but persists measurably even in deep caves
and mines. Another source of radiation at present comes from
Scattered residues and fall-outs from large-scale atomic and
thermonuclear explosions.
URANIUM MINERALS
The chief naturally occurring radioactive elements are uranium
and thorium, thorium being considerably more abundant than uranium
in igneous rocks.

However, uranium is at least three times as

abundant in sea water as thorium (Heinrich, 1958).

In the crusts

of the earth, uranium averages between 1 to 2 ppm.

Both uranium

and thorium, which are strongly concentrated in the upper lithosphere are markedly oxyphile elements, occurring as oxides, hydro
xides, oxy-salts, and silicates and they never occur naturally as
native elements, sulfides, arsenides, sulfosalts or tellurides.
The chief ore mineral of uranium is uraninite, a mineral
essentially composed of U0 , but usually containing Th and rare
2

earths as substituents, and U0_, Ra, and Pb, formed by radioactive
decay.

Table V gives the more common minerals of uranium and

-6 -
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thorium and other minerals associated with them, compiled from
Heinrich (1958), Nininger (1956), Denver's Publication and Hurlburt,

B
Jr. (19X9).

Included are their diagnostic features and character

istics-occurrence.
Table V, however, does not include all the radioactive
dinerals.

There are hundreds of known and reported radioactive

minerals and many more are being reported at present.
Another very useful identifying feature of some radioactive
minerals is the phenomenon of fluorescence, the emission of visible
light by these mineralc when exposed to ultraviolet light.
as U

Uranium

produces fluorescence in many but not all oxidized uranium

minerals.

No U

minerals fluoresce.

Table VI shows the fluore-

scenc . of some of the more common uranium bearing minerals.

7-
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PART II
GEOLOGY OF TH3 URANIUM DEPOSITS OF THE WORLD

URANIU1. DEPOSITS
:

Uranium is a utr quitous element occurring in nature in various
minerals and in several varied environments.

Economic deposits are

found in quartz-pebble and conglomerate strata, in sandstones,
shales, granite-pegmatites and veins, phosphates, lignites, etc.
The NEA/IAEA 197 j uranium resources report says that about 73# of
low cost reserves are contained in almost equal parts in sandstones
(mainly in the United States, Niger, and Gabon"^ ind quartz-pebble
conglomerates (in Canada and South Africa).

About 18$ more are

distributed in veins; and related types (Australia, Canada, France
and other countries) and the remaining 9% are in pegmatites, phos
phates and others (Cameron, 197^a).
The total amount of uranium in the earth's crust can be esti
mated by the chemical analysis of different rock types or by the
nuclear heat generated at the earth's crust.

Compared with other

lithopile elements, uranium is of relatively low abundance, having
an average of two parts per million.

Thorium content, on the other

hand, is 10 ppm.
Like other lithopile elements, uranium is concentrated by
weathering, sedimentation and metamorphism, the last of which remobilizes metals pre-existing in sedimentary rocks*

Thus, the

abundance of uranium in different types of naturally occurring

PAEC(D)75002
rocks differs greatly, for example:
Basic intrusive rocks

1 ppm

Basaltic extrusive rocks

1 ppm

Granitic rocks

k ppm

Black shales

125 ppm

Phosphorites

176 ppm

Elliot Lake conglomerates

1000 ppm

Most of the fresh igneous rocks have uranium content lower
than 7 ppm and in some radioactive samples, uranium content is as
much as 200 ppn and thorium about 500 ppm (Larsen, Jr. and Phair,
195*0.

In these unusually radioactive samples, the high uranium and

thorium content are correlated with other compositional pecularities
of the rock. Much of the radioactivity in igneous rocks is concent
rated in the mildly radioactive common accessories, zircon, sphene
and apatite.

It has been also inferred that in general, rocks rich

in magnesium, iron and calcium and poor in silicas and alkalies tend
to be poor in radioactive elements (Larsen, Jr. and Phair, 1954).
As regards the uranium-thorium content in volcanic rocks, it
has been found, on the basis of available analyses, that the ave
rage uranium content of basic lavas is between 0.6 and 1.1 ppm,
dacitic lavas, about four times that of basic, and id expected to
be six times for that of acidic (Adams, 195*0.

Thorium content on

he other hand is about three times more abundant than uranium in
unweathered volcanic rocks*

- 9-
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The uranium content of clastic sediments and sedimentary rocks,
on the other hand, varies from a small fraction of a part per
million to some 10»s of parts per million (Bell, 195*0. An average
content of about 1.2 ppm has been given for all sedimentary rocks
exclusive of limestones (Evans and Goodman, 19^1) with thorium
content about seven times more than uranium (average from the work
done by Rankama and Sahama in 1950).
The contents of radioactive elements in river water, ocean
water and the precipitation falling on the ocean bottom is given in
Table VII.
PRICE CATEGORY
Based on the joint project organized by the OECD Nuclear
Energy Agency and the International Atomic Energy Agency in 1973,
uranium deposits of the world have been categorized according to the
cost of production, namely, those that can be produced at less than
U

$10/lb U Og, in between SlO-15/lb 3°gt
duced at greater than $15/lb U-0«.

a n d

those which can be pro

Fig- 1 shows the world uranium

resources, reasonably assured at SlO/lb U , 0 .
5 o
o

As far as economic

uranium deposits are concerned, concentrations of the order of
1,000 ppm are necessary to enable uranium to be produced at a cost
of around US$10 per pound of U-»0g.

In the search for uranium, the

concept of metallogenic provinces may be of major importance since,
like many other elements, uranium is concentrated in the earth's
crust in provinces where rocks of succeeding ages tend to carry a
high proportion of the element than other parts of the world.
- 10 -
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As can be seen from the discussion of the distribution of
uranium and thorium in the earth's crust, is about three times more
abundant than uranium,

in igneous rocks, the two elements are

closely associated with each other and in sedimentary cycle they
mostly separate from one another.

The primary thorium minerals are

resistant to oxidation; and weather out to form economically import
ant placers.

It does not tend to be remobilized by ground and

meteoric water and rarely forms secondary minerals.

Thus, it

occurs in far fewer geologic environments than uranium.
primary minerals, on the other hand, are easily oxidized.

Uranium
Exception

to this are primary uranium minerals that substitute for thorium.
They are very mobile, easily oxidized and form deposits in many
kinds of rocks and environments.

Uranium forms a great variety of

minerals, many of which form rich concentrates that are economic
ally attractive, and of a higher grade than the average thorium
mineralization.
At present, uranium is more important than thcrium and there
fore, the discussion that follows will deal mostly on the geology
of uranium deposits.
Uranium deposits have not been definitely classified according
to their possible genesis. Hence, for the purpose of this paper,
tho classification proposed by Bowie (1970) with an added type pro
posed by the author, which is purely descriptive is to be used.

- 11 -
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Uranium deposits are classified as follows:
A.

Peneconcordant - for deposits in conglomerates and sand
stones

B.

Discordant - for vein, pegmatite and contact metamorphic
deposits

C.

Concordant - for deposits in shales and phosphate rocks

D.

Miscellaneous - for deposits in beach and placer sands
containing thorium minerals.

A.

PENECONCORDANT DEPOSITS
Peneconcordant uranium deposits constitute the most important

concentration of uranium knotm at present.

They are found in

quartz-pebble conglomerates and in medium-to-coarse-grained sand
stones*
1.

Sandstone Deposits
The sandstone deposits of the western United States,

constituting a large proportion of the world's low cost ura
nium reserves, are the best examples of this type.

Sandstone

deposits are associated with fluviatile facies in sandstone
and deltaic and littoral marginal marine sandstone facies.

It

is also associated with widespread sandstore facies in which
the distribution of uranium ie closely related to syngenetic
mechanism and to sedimentologic, stratigraphic and tectonic
traps.

It is likewise associated with red-gray sandstone

boundaries in Permian sandstone in Europe (Cameron, 1974).

- 12 -
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United States of America.

The major penecordant deposits

are found in the uranium province of the Colorado Plateau, the
middle Rocky Mountains and the Great Plains and are confined
essentially to fluviatile sandstone and arkoses-, some ere in
tuffaceous, coaly and carbonate rocks.

Their age is Triassic

to Eocene with a few occurrences in Carboniferous and Permian
sediments.

There are three types of peneconcordant deposits.

Two aie of the normal peneconcordant deposits which are tabular
to lenticular layers parallel to the bedding.

The other one

is the so-called roll ores which are crescent-shaped deposits
that cut across the sandstone bedding.

This last type is

very common in Eocene fluviatile sandstones.

The first two

types consist of the primary deposits (the original accumu
lation of uranium), and the secondary deposits, those that
were formed by supergene processes.

The primary uranium-

bearing minerals are uraninite and coffinite together with a
»

large number of secondary minerals, the most prevalent of
which is carno'ite.

Considerable abundance of vanadium and

copper are commonly associated with uranium and molybdenum and
selenium values are frequently high.

The deposits contain an

average of 0,2% U,°o with an estimated reserve of one million
tons of ore*
Niger.

The deposits here are similar to that of the

Colorado Plateau, found in Mesozoic sandstone near Arlit. The
grade of these deposits is about 0^251*-»^#°&-with
zsrasircveiot
about 52,000 short tons.
- 13 -
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Gabon.

The deposits are found in the coarse-feldspathic

sandstone intercalated with conglomerates in the pre-Cambrian
Francevilliaii Basin.

Mineralization is essentially of uranium

and vanadium with pitchblende in various states of oxidation*
Reserves are of the order of 26,000 short tons of U,0„.
France.

The deposits, which tend to be lensoid, are

found in the Lodeve area at the southern end of the Massif
Central in Permian shales, mudstone and sandstone and are
closely associated with carbonaceous remains.
the main mineral.
n

Pitchblende is

Reserves are of the order of 5»000 tons of

3°8'
Yugoslavia.

Reserve is of the r>-der of 8,000 short tons

found as irregular stratiform deposits in gray sandstones at
Slovenia in the Val Gardena strata of Middle Permian age.
Argentina.

Deposits are found in several locations in

Argentina, mainly along the eastern flanks of the Andes.

The

principal deposits occur in Permian, Triassic, Middle and
Upper Cretaceous and Tertiary Sediments.
ization is pitchblende.

The uranium mineral

No other metallic minerals occur.

Total ore reserves are 10,000 tons U_0«.
Mexico.

Deposits are similar to that of fluviatile

sandstone in the United States, containing about 1,300 tons of

Australia.

About 60,000 short tons U,0« in a shallow

sedimentary basin have been known at Lake Frome of South
Australia and Yeelirie, Western Australia.
- Ik -
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Somali Democratic Republic.

Deposits are similar to that

of Australia at the Mudugh Area of Central Somali, found in
calcrete, clays and marls,
Japan.

Uranium occurs in Paleozoic to Mesozoic sediments

in the Chugoku Massif in Southern Japan, similar to that of
the Colorado Plateau with pitchblende and coffinite as the
main primary minerals occurring mainly in congloaerate horizons.
Reserves are of the orde of 3»600 short tons U_0-. at an ave
rage grade of 0,05%,
Turkey,

The deposits are found in south-western Turkey

conisting of secondary uranium mineralization as coatings of
pebbles or in cracks in the muds or clays of locally consoli
dated sands, gravels, silts, and clays of Neogene age.

Grade

u

is about 0,0595 -x°o wit** reserve of about 2,800 short tons.
New Zealand,

Uranium deposits are found at Buller Gorge,

South Island in the sandstone of the Hawks Crag Breccia with a
U

grade of 0,05# 3°g*
Pakistan.

Both primary and secondary mineralization occur

in poorly cemented Siwalik sandstones of lower Pliocene to
upper Miocene age in the foothills of the Sulaiman range in
Pakistan,
India,

The deposits are found in the pre-Cambrian meta-

sediments of the Singhbum district in Bihar and in the
Siwalik sediments of Tertiary age in the foothills of
Himalayas,
- 15 -
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2.

Quartz-Pebble Conglomerate Deposits
Four principal areas of quartz-pebble conglomerate,

carrying uranium and/or gold are known to exist and two of
these carry about 35% of the world's uranium reserves. They
are found in Canada, South Africa and Brazil*

In these

occurrences, intrusive igneous rocks on the borders shield
regions that could have resulted in the remobilization of some
of the radioactive minerals.
Canada*

In here, pyrite is ubiquitous.

The uranium deposits are found in the Elliot

Lake-Blind River area, in the Matinenda formation at the base
of the Huronian Supergroup.
and 2500 million years.

Age is estimated between 210O

All deposits, except one, are in

troughs, one on the north limb and the other on the south
limb of the Quirke Lake Syncline. • The extensive ore bodies
are tabular or elongative.

The main radioactive minerals,

which are interstitial to the sub-rounded quartz-pebbles,
are brannerita.

Other minerals present are monazite, urano-

thorite, uranothorianite, coffinite, allanite, anatase,
rutile, zircon, sphene, pyrite and hematite.

The deposits

are invariably rich in thorium, containing about 0.05# ThOand 0-0.25% rare earth oxides.

Reserves in the 3iu per lb

category are of the order of 200,000 tons U-»^o»
Republic of South Africa.

The deposits here which are

similar to that of the Blind River-Elliot Lake areas are
found in +he Witwaterstrand Basin.

- 16 -
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difference between the two occurrences is that uraninite r
occurs in the Vfitwaterstrand.

It is closely associated with

appreciable amounts of gold.

The age of the conglomerate is

post-3100 and probably pre-2300 million years. Uranium occurs
in fi/e main horizons in the form of pitchblende or uraninite
grains in association with gold, pyrite, various sulfides,
sericite, chlorite, chloritoid and axy-hydrooarbon.

At the

Dominion Reef mineralization is typically placer consisting of
monazite and cassiterite with smaller amounts of chromite,
garnet, zircon and ilraenite.

Uranium bearing minerals are

thorium uraninite, brannerite, uranothorite and weakly active
columbotantalite.

Uranium reserves are about 200,000 tons
a

U,0« with an average grade of 0.025% -*0Q »"* can be recovered
U

only as a by-product of gold.
Brazil.

The deposits here are found in the Serra de

Jacobina area of the north-central part of the State of Bahia,
in a well-developed quartz-pebble conglomerate.

Age is

similar to the other two main conglomerate deposits of the
world.

They carry gold and pyrite and the main uranium

mineral is uraninite.

B.

DISCORDANT DEPOSITS
Discordant deposits are of the vein, pegmatite, contact raeta-

morphic or replacement types.

Many countries have this type of

deposit.

- 17 -
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Australia*

Many deposits are found in Australia.

One is at

Radium Hill, South Australia, a davidite-ilmenite vein deposit.
Other localities include Mary Kathleen in Queensland, a pyrometasomatic deposit, consisting of uraninite-rare-earth silicate aftd
sulfide minerals occurring in a garnetized zone of calc-silicate
rocks of early pre-Cambrian Age.

Another deposit is at the Alli

gator River province of the Northern Territory which contains both
typical vein-type deposit and large disseminated-type of orebody
with pitchblende as the main ore mineral.

Average grade is in the

order of O.O^So uranium.
Canada.

Two major deposits of the discordant type occur in

the Beaverlodge area, the Ace-Verna deposit, and the other in the
Bancroft Area.

Mineralization at Beaverlodge is controlled by a

major far^t and by associated brecciation and fracturing in highly
metamorphosed pre-Cambrion rocks of the Canadian shield.

The ore

minerals, pitchblende and hematite, are found in tabular and
irregularly shaped ore bodies.

Reserves are of the order of ?000

tons of U-zO/x at an average grade of 0.21%.

The deposits in the

Bancroft area are found in complex dikes or irregular granitic
lenses that cut and replace pre-Cambrian meta-sediments.

The ore

minerals are uraninite and uranothorite with betafite, allanite,
ferr^usonite and zircon.
France.

The French deposits are typical vein deposit asso

ciated with Hercynian granites.

Main ore minerals are uraninite,

pitchblende, and various oxidized varieties of the same species;

- 18 -
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associated minerals are pyrite, chalcopyrite, galena, fluorite with
gangue minerals quartz and chalcedony.

Ore reserves of *f5»000 tons

of U-j-Oo at a grade of 0.22$ have been found.
Spain and Portugal.

In these countries deposits are similar

to those of France, associated with Hercynian granites, occurring
as veins and disseminations.

The vein deposits contain pitchblende

in various states of oxidation associated with quartz, hematite,
pyrite, sphalerite and galena.
Zaire.

The famous deposit of Shinkolobwe is now exhausted,

though two small deposits, genetically similar to Shinkolobwe,
occur at Swambo and Kalongwe.
Finland,

Uranium is found in pre-Cambrian quartzite-conglome-

rate in Northern Karelia, similar to those of the Elliot Lake-Blind
River area.

Mineralization, however, occurs as veins and impreg

nations associated with diabase dikes.

The main uranium mineral is

pitchblende associated with oxyhydrocarbon, vanadium and iron.
Reserves are less than 1000 tons L ,0Q with an ore grade of 0.2#
T

United States.

The m?jor deposits occur in Colorado Mountain

Area, in the Basin and Ranges Provinces and the Northern Rockies,
in the form of veins, stockworks and mineralized breccias contain
ing less than 10,000 tons UiOg.
Greenland.

The main development of uranium is in recrystal-

lized zones of the peralkaline rocks of the Illimaussaq Mas3if of
southwest Greenlcmd where the mineral stilstrupine (a silicate and
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ana phosphate of rare earth, soda, niobium, tantalum, thorium and
uranium) is found.

Grade is about 200 ppm U with a reserve of about

250,000 tons U 0„.
Somalia.

The country rock for this occurrence is pre-Cambrian

biotite schist-gneiss or granofels intruded by granite-gneiss bands.
Radioactive mineralization. is rrainly due to a thorite replacement.
Thorium, uranium, yttrium and small amounts of ytterbrium and scan
dium are found.

Grade is about 0.10% U-TOQ*

Southwest Africa.

The Rossirg deposit is located approximate

ly 55 km. northwest of Swakopmund in the Namib desert.

Radioactive

mineralf appear widely distributed in a white alaskitic or pegma
tite-like alkali granite rock which is intruded as dike-like masses
into pre-Cambrian schists, gneiss, marble and other meta-sediments.
Uranium occurs in the form of fine-grained uraninite and-various
secondary minerals such as carnotite, gummite, and uranophane.
Zircon, monazite, minor pyrite, chalcopyrite, molybdenite and ilmenite are associated with the uraniferous rock.

The grade of the

ore appears to be of the order of 0.03 to 0.0*f# ^-i^o*
Madagascar.

In southern Madagascar flat-lying lenticular

masses of pyroxenite occur in pre-Cambrian crystalline sMsts,
carry uranothorite.
Philippines.

Grade is generally less than 0.1# ®TPQ*

The deposit here is found in certain distinct

beds within complex metamorphic rocks, in association with pyrite,
molybdenite, and magnetite, at Larap, J. Panganiban, Camarines
Norte.

The ore minerals include uraninite and secondary uranium

- 20 -

FAEC(D)75002

ninerols.

Based on the work of Dr. J. Cameron of IAEA in 196^,

there might be a recoverable content of 200 tons of 0 0» in 500,000
tons of ore with a grade of O.OOW U , 0 .
o

J

C.

O

CONCORDANT DEPOSITS
?*his group covers uranium occurrences in shales, coals, phos

phate- rocks, etc.

At the present very

few of the occurrences can

oe considered economically exploitable.
United States. There are several occurrences.

The lignite

deposits of North and South Dakota have an average grade of 0.20^
U,0 , the uranium being held in an urano-organic complex.
j

0

The

o

phosphorites of the Phosphoria and Bone Valley formation in Idaho,
Montana, Utah and Wyoming have a uranium content ranging from 0.001
to 0.0656 U Og.

The black shales of the Eastern and Central United

States contain botween 0.001 to 0.00856 D A ,
Sweden.

Assured resources of about one million tons U,0n
ii

ii

u

occur in the Vastergotxand Narke districts of Sweden in shales of
Upper Cambrian age.

Uranium forms an organo-uranium complex asso

ciated with pynte, quartz, feldspar and the clay minerals illite
and kaolinite.
France.

Uranium in the black shales of Westphalian age in the

eastern slopes of the Vosges Mountain is in the form of organouranium complex with a grade about 0.08# u A .
Central African Republic.

The deposit here is found in the

Bakovma region in a uranium-bearing phosphatic formation of Eocene
age.
- 21 -
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Angola.

Deposits are found in the phosphate rock of

Maestrichtian and Eocene age in Cabinda and northwest Angola*
Grade varies from 0.05 to 0.20* U 0 .
g

Morocco.
u

Uranium is found in the phosphate rock, containing

about 0.015* ^ o »

t n e

tonnage of which is about 30,000 metric tons.

Tunisia, Algeria, U.A.R., Iraq, Jordan, Senegal.
is in uraniferous phosphate rock.

The potential

Total resources might be esti

mated to be over 20,000 million tons of phosphate rocks containing
more than 0.0?* U 0 .
g

D.

MISCELLANEOUS DEPOSITS
Placer Deposits.

Heavy mineral beach and placer sands contain

ing uranium and thorium bearing mineral monazite is another potent
ial source of uranium but the cost of extraction is high*

Extensive

deposits exist in India, Australia, Brazil, the U.A.R., Ceylon,
Bangladesh, U.S.A.
Thorium Resources.

Several thorium deposits are found through

out the wor?d, notably in Brazil, Canada, U.A.R., India, South
Africa, Sri Lanka, Turkey and United States.

The main source

mineral is monauite, usually a beach placer deposit.

Associated

minerals are ilmenite, rutile, magnetite, zircon, garnet, sillimanite, syenite, etc.

Grade varies from 0.09* ThO- in Brazil up to

6* Th as in South Africa.

Since no demand is expected for thorium

in the near future, not much attention is given to it in prospecting.
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PART III
PROSPECTING AND EXPLORATION TECHNIQUES FOR
URANIUM AND OTHER RADIOACTIVE MINERALS

Looking for uranium and other radioactive minerals can be very
different from prospecting and exploration for base metals, but are
often similar*

Conventional methods for base metal exploration can

be used for uranium, but further techniques are required to deter
mine the quantity of uranium present.

Finding economic mineral and

oil deposits is a long term and costly activity.

Uranium has the

advantage that there are many instruments available for detecting
the radioactivity associated with uranium directly.

Detection of

radioactivity forms the basis for almost all uranium exploration.
In the discussion that follows, the otep-by-step stages
involved in uranium prospecting and exploration are given, includ
ing the instruments necessary for each stage.

Most of this part

of the paper comes mostly from the writer's experience and observ
ations, and from the IAEA Technical Reports Series No. 158 (197*0.
This paper does not attempt to be an authoritative or an exhaustive
account of uranium prospecting, but simply a guide to a systematic
uranium search.

Prospecting and exploration can be roughly out

lined as shown below, with boundary between each depending largely
on the size of the area worked on:
A.

Reconnaissance Survey

B.

Semi-detailed Survey

C.

Detailed Survey
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A.

RECONNAISSANCE SURVEY
A discussion on the geology of the uranium depposits of the

world shows that uranium practically occurs in all types of geo
logic environment*

However, some rocks are more susceptible to

uranium mineralization compared to other rocks.
A reconnaissance may be mounted over those area? thought to be
favorable for uranium deposition according to known geological
data.

When uranium exploration is still in its infant stage and no

area of metallization has been found, the first step to be taken is
to study geologic maps and information and look for areas where
there are lithologies and environments similar to those of known
uranium deposits.

Since the areas to be searched are often large,

an airborne gamma-spectrometry survey would be useful in covering
the ground within a reasonable period.
Airborne Gamma Spectrometry Survey
The three primary objectives of this type of survey are:
a)

To discover and evaluate large areas which may be favor
able for ground exploration and to do so in a reasonable
time with a limited staff and with a high degree of
reliability;

b)

1« locate and identify anomalies often associated with
economic deposits and which can lead to their discovery;

c)

To support the primary geological mapping of large areas,
particularly when there are difficulties of access on the
ground.

Systeme of adequate sensitivity are able to
- 2k -
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determine the relative concentration of uranium, thorium,
and potassium in typical country rock and the lithologies
can often be identified and mapped by means of their
characteristic radioelement concentrations*

a
It is relatively^high cost survey, but it yields a high costeffectiveness.

Total expenditure to fly, map, evaluate and select

sites for additional exploration by this method is paid-off later
since the spectral data, when well evaluated, greatly reduce the
amount of high-cost ground checking required to assess the survey
results.
S
An airborne gamma-ray spectrometry system generally consists of:
a)

A number of high resolution thermally insulated, sodium
iodide detectors;

b)

A spectrometer assembly which generally includes pulse
amplifier and shaping electronics, pulse-height energy
analyzers (3CA) one for each energy band or window to be
recorded, or multi-channel analyzer (MCA).

A computer-

type memory to accumulate, store and manipulate data is
often included;
c)

In-flight data display such as multi-channel analog strip
chart record and for digital display, incorporated with a
recording system including the strip chart and/or magnetictape digital recorder;

d)

A radar altimeter;
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e)

Flight-path recovery system which may include photographic
or video tracking and/or Doppler navigation equipment.

The coverage of the zone of interest can be pre-determined by
selection of flight-line spacing.

The survey aircraft flylag at an

altitude of 100 to 120 meters, should have a speed, dependent on
the sensitivity of the instrument used, of between 90 and 120 mph.
Airborne gamma-spectrometry survey can be usefully conducted
simultaneously with an airborne magnetic survey, specially when
uranium mineralization is suspected to be closely associated with
the magnetic minerals such as magnetite, pyrrhotite, etc.

Magnetic

survey could also delineate areas and structures possible for other
base metal deposition, which may be additional guides to uranium
mineralization.
Once the airborne surveys hay been conducted and the necessary
interpretation of the data completed, anomalous areas can then be
delineated and work programs can be made for each anomalous area.
A ground radiometric survey over these anomalous zones follows.
Normally, if the area chosen is with good trafficability, a carborne scintillometer survey is conducted.

However, if the area is

inaccessible due to poor trafficability, a foot scintillometer
survey is required.
Carborne Survey
This method of survey is most useful in a country with a good
network of roads.

A seneitive-scintillometer, usually measures

total grosscount only is fitted to a vehicle, preferably a jeep.
- 26 -
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The equipment measures gamma radiation emitted primarily from the
radio-element which occur naturally in rocks (U, Th, K ) . Carborne
detector systems are used to make surveys of the radioactivity
levels occurring along roads, tracks and in relatively flat open
country.
a)

The carborne purvey system consists of:
a detector unit usually containing a thallium-activated
sodium iodide crystal and a magnetically shielded photomultiplier tube with provision for mounting upon a short
mast or above the roof of the vehicles;

b)

a discriminator circuit;

c)

a counting-rate meter;

d)

a strip chart and/or tape recorder;

e)

a power supply;

f)

an adjustable threshold alarm and/or audio-signal are use
ful additional features.

The value of the radioactivity after having been analyzed from
this survey gives an overall picture of the region and helps in
narrowing down the area for further intensive surveys.

During the

survey, the geologist in-charge should observe variations in
geomorphological, geological and structural features, color of the
soil (transported soi3 effectively masks the radioactivity of the
rock it covers), in the traversed area.

Wha/iver there is a reading

of more than three times the normal background, the vehicle should

0*)dk

be stopped % a few traverses on foot made to check the cause of
higher radioactivity.

The speed of the jeep is kept around 30 km/hr,
- 27 -
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since the sensitivity of most instruments is at least 20 counts/
second per ppm equivalent uranium in normal rocks.

Foot Survey
There are two main types of instruments that can be used with
it

a foot-survey.

One is using a portable Geiger-Muller (GM) counter

and the other is by the use of a portable scintillometer counter.
Both are used for the measurement of gamma-rays primarily from the
natural radioactive elements in rocks (U» Th, and K ) .

GM counters

are normally used to locate and estimate the relative concentration
of radioactive minerals in excess of one hundred parts per million
(100 ppm), for example, in mineralized outcrops, trenches and in
mines.

It has a low sensitivity (at least the minimum response

should be 0.1 count/second per ppm equivalent uranium in normal
rock) and consequently a slow response.

The GM system usually

includes the following:
a)

a detector consisting of one or more GM counter tube;

b)

a counting-rate meter;

c)

a power supply;

rt) an audio-signal or flashing light.
The scintillation counter is used mainly for uranium explo
ration and radiometric mapping on foot.

It is not normally used

for delineating ore grade concentration and for ore control appli
cations.
Th, and K.

Instruments are available that discriminate between U,
The recommended minimum response should be 1.5 counts/

sec. per ppm equivalent uranium in normal rocks.

The instruments
*

usually consists of:

„
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a)

a detector unit comprising a thallium-activated sodium
iodide crystal, optically coupled to a photomultiplier
tube;

b)

a discriminator circuitry;

c)

a counting-rate meter with analogue or digital display;

d)

a power supply giving a stable high voltage;

e)

an audio-signal.

The survey is conducted by carrying the instruments along
traverses over the area of interest.

During the traverse survey

geologic mapping and rock or fail sampling may be carried out.

Radon Survey
This type of survey also known as emanometric survey is used
to search for uranium deposits by detection of anomalous concent
rations of radon, thoron and other immediate decay products.

The

technique may distinguish between radon and thoron and provide a
measurement which is independent of background or beta radiation.
The survey can also be u.sed to support geological mapping and inter
pret geological structure and works most s

'sfactorily when used

to detect uranium deposits in rocks or structures covered by porous
overburden.
Other advantages include:
a)

it may be used to indicate certain concealed deposits and

structures which are not apparent at the surface;
b)

soil gas measurements frequently provide greater contrasts;
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c) by measurement of alpha decay times it is possible to
distinguish between uranium and thorium emanations;
d)

measurement of radon in streams, lakes and springs may

indicate favorable regions for prospecting;
e)

certain emanation techniques provide a direct measurement

of radon and thoron if the necessary filtering precautions are
taken; and
f)

it provides a relatively inexpensive means of detecting

very low radioelement concentrations.
In emanometry, three basic types of radon measurement are
used, namely:
a)

counting alpha particles from all sources, principally

from radon daughters using scintillation detectors,
b)

alpha counting of filtered gas resulting in measurement of

radon-222 and radon 220-only, and
c)

gamma detection of decay products collected on suitable

filter such as charcoal.
d)

by measuring the density of radon alpha-decay ionization
0
tracks on a nucleus film.
These measurements may be made in three general ways: (i) insitu, (ii) gas samples may be extracted for static measurement,
and (iii) continuous sample with dynamic measurements of either
filtered or unfiltered gas.
In methods (i) and (ii) which are commonly used, the t- es of
equipment used are;
- 30 -
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a)

a sample hole-making tool or water collector,

b)

equipment for extracting the gas sample and introduding it

into the detector,
c)

the detecting chamber, and

d)

a measuring system.

For method (iii), the detecting chamber is replaced by a Nal
(Tl) detector.

B.

SEMI-DETAILED SURVEY
Before any semi-detailed survey is conducted, the following

should be considered:
1.

An anomalous area delineated by reconnaissance survey has

been chosen, the size of which has been greatly reduced.
2.

An approximate geologic map of the area has been establish

ed, at least at 1:50,000 scale.
The purpose of the s<.mi-detailed survey is simply to delineate
further the site for a detailed radiometric survey, where the amount
of work, time and money to be spent will be greater.
The work involved here are as follows:
Fieldwork
1.

Geologic mapping of the area

2.

Geochemical survey

3.

Geophysical survey

*f. Foot radiometric survey
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Laboratory
1.

Petrographic and ore microscopic analyses of rock samples

2.

Analyses of uranium, thorium, radioactive materials and
trace elements from samples

3.

Quantification of uranium and thorium co/itents by other
methods

Fieldworfc
Geologic Mapping.

The purpose of this stage of exploration is

to gain • better understanding of the geology of the area.
is conducted to at lep'-.c 1:10,000 scale.

Mapping

Hock samples will be

collected for petrographic and ore microscopic analyses. ' Aerial
photograph interpretation may aid the programme.
Geochemical Survey.

Two surveys are involved, one a soil sur

vey, the other a stream sediment survey,

tfhe stream sediments are

collected from the tributaries of each river system and the samples
are analyzed for heavy minerals and other elements which may be
associated with uranium.

The soil survey is conducted along either

a grid pattern or a hexagonal pattern, the distance between sampling
points being at most 100 meters.

Soils are collected from any

depth surface down to bedrock, but normally taken at around 18"
depending on the soil type.

Several samples may be taken at one

sampling point.
Geophysical Survey.

There are several methods of geophysical

exploration, the method selected depending on the objective of the
programme.
exploration:

The following methods are commonly used in base metal
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1.

Magnetic methods - mainly used to determine the amount of
magnetic materials present in the area of interest, and
to give sub-surface structural information.

2.

Gravity methods - mainly used for delineating structure.

3.

Electrical methods - used for exploration for sulfide
deposits.

k.

Seismic methods - mainly used for oil exploration, deter
mination of geologic structures, determination of water
bearing structures, etc.

Foot Radiometric Survey.

It is conducted in the way discussed

above with the survey grid becoming more dense as targets become
better defined.
Laboratory Work
Although fieldwork is the most important element at the survey
at this stage laboratory studies are also very important.
Petrographic and ore microscopic analyses of rock samples.
Rock samples collected in the field are analyzed petrographically
rnd under the ore-microscope in order to recognize the rock type,
mineralogy and alteration features and to asses' the nature of any
ore minerals present.
Analyses for, uranium, thorium, other radioactive elements%
and trace elements from the samples.

Several methods of analysis

are used, notably X-rays, neutron activation analysis, atomic
absorption spectrophotometry and optical emmission spectrograph^.
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Approximate amounts of uranium, thorium and potassium can be deter
mined from discriminating scintillometers both in the field and
laboratc.-y.
Detailed radiographic analysis.

Radiographic analysis is used

to establish more precisely the nature of U and Th distribution in
a sample.

The methods commonly used are autoradiography,

radioluxography, and fission track registration.

In autoradio

graphy, alpha radiations are detected, the relative amounts of
uranium and thorium are determined from the alpha-track density.
Radioluxography is similar and employs a nuclear sensitive film.

C.

DETAILED SURVEY
At this stage of exploration the main purpose is to prove an

orebody.

From the semi-detailed survey, it is established that a

deposit is lying in the vicinity of the anomalous area.

•

Three

components make up detailed work:
1.

Detailed geologic mapping

2.

Trenching

~j.

Drilling with borehole logging

Detailed Geologic Happing
The main difference between this type of geologic mapping
compared with the semi-detailed mapping is in detail, observations
being compiled at 1:2,000 scale.

The geologic informations include

lithology, structure, alteration, mineralization and other anomalous
features encountered in the area, be they geochemical, geophysical
or radiometric.

Rock sampling density is greater in order to give
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microscopic and quantitative analyses to obtain a clearer picture
of ore deposition.
Trenching
Trenching is essential in exploration.

The approximate size,

depth, and shape of the orebody can be gained from the trench

s
information in favorable circunjfances.
Trenches are dug to just below bedrock along the anomalous
zones delineated by the ground radiometric survey.

The exposed

bedrock is mapped and samples taken for quantitative analyses of
uranium, thorium and other elements.

Tapes are laid along the

long dimension of the trench and with the use of a shielded probe
of a scintillometer, recordings are made at regular intervals for
a pre-determined counting time.

The data gathered are then

analyzed and interpreted in the light of the geology and other
information of the area.
Drilling and Borehole Logging
Drilling may be exploratory, to probe the sub-surface exten
sion of the anomaly, or for, evaluation purposes in blocking out of
the orebody.
the same.

In either case the type of drill equipment used is

Drill site targets are selected from the information on

a detailed geologic map, from the anomalous zone characteristics,
and the trench data showing possible extension and depth of the
orebody.

Drilling is costly and its optimum use depends on the

proper selection of targets.
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There are many types of drills, but the most commonly used is
the diamond drill.

Ir. dramond drilling, a ring-like bit, armed

with small diamonds, rotates and cuts out a cylindrical core of the
rock through which it passes.

The core is placed in core boxes

where it is examined by a geologist and analyzed for ore and asso
ciated elements. Geologic logging of the core yields essential
sub-surface data*

The cere is analyzed at regular intervals,

usually at 2-:aeter interval, so that variation in the degree of
mineralization c-v.i be soea with depth.

Samples are also taken at

changes in lithology and in ore zones for thin and polished section
analyses and for future reference as hand specimens.
Borehole legging is an important phase of uranium exploration
programs.

Several logging techniques, of which the natural gamma-

ray log is the most important, are routinely used to obtain lithologic, stratigraphic, and structural information, to measure
variations in radioactive elements in rocks, to detect anomalous
concentrations, and to provide quantitative sample data for evaluat
ing ore reserves, and for mine planning.

Gross or discriminating

borehole scintillometers are available.
•

e

The system for routing uranium logging generally consists of;
a)

A probe containing one or more detectors, electrodes, or

othsr censorr T_. jr.ppor I i"~ electronics;
b)

Cable to support the probe and to provide one to four

insulated conrfuctore, fcc supply power to the probe and transmit
signals to the surface;
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b)

Cable to support the probe and to provide one to four

insulated conductors to supply power to the probe and transmit
signals to the sntfface;
d)

Surface instrumentation for measurtment and supporting

electronic^,' and
e)

Recorder-analog strip chart and/or digital recorder.

The basic procedures in borehole logging are as follows:
The probe is lowered down the hole and readings are taken at
a pre-determined interval at a pre-determined time.

The location

of the probe in the hole is known and readings are recorded, bot\
on the analog strip chart and digital recorders.

The readings are

then interpreted and evaluated to give the location, size, and
shape of the orebody.
The different methods of exploration for uranium and the asso
ciated instrumentation have been discussed.

No mention has been

made regarding background readings of any instrument, as it has
been assumed that in making any radiometric instrument survey, all
background values are already taken into consideration.
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PABT IV
POSSIBLE AREAS IN THE PHILIPPINES FOR RADIOACTIVE
MINERALIZATION

The only known sites for uranium occurrences in the country is
in the Larap-Paracale District, Camarines Norte.

Many believe that

the geology of the Philippines is not favorable for uranium
mineralization.

As one author puts it, "with the exception of the

Zambales Mountains and Cordillera Central of northwestern Luzon in
the Philippines, these islands, i.e., Philippines and Celebes, are,
to a large extent, volcanic with little chances for atomic energy
minerals" (Nininger, 1956, p. 159)•
There is no reason to be discouraged by this statement, however.
Uranium is a highly ubiquitous element, occurring in many types of
geologic environment.
Before discussing the possible areas in the Philippines for
uranium and other radioactive minerals deposition, it is better to
look first into the general geologic setting of the country.

In

this way, comparisons can be made between the geologic conditions in
the country and the geologic environments of the uranium deposits of
the world.
GEOLOGIC SOTTING OF THE PHILIPPINES
A brief summary of the geology of the Philippines is given
below based on the reports of Irving (1950) and or Corby et al
(1951), that of Kinkel (1958), the geological i&p of the Philippines
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published by the Bureau of Mines in 1963» and the Metallogcnic
Provinces Map published >-y the Philippine Atomic Energy Commission
in 1973.
The oldest rocks found in the country, the 'Basement Complex,'
are supposedly pre-Jurassic in age.

Overlying the 'Basement

Complex,' are rocks of Tertiary and possibly late Mesozoic age.
There is a very restricted distribution of Lower Tertiary rocks and
their relation to the rocks of the 'Basement Complex' is not clear.
In most p]aces, rocks of middle Tertiary uncomfortably overlie the
•Basement Complex.'

In contrast to the 'Basement Complex* which is

affected by regional, thermal and dynamic metamorphism, rocks of
Tertiary age are rarely metamorphosed and at most localities are
only moderately folded and are unfoliated.
The 'Basement Complex' is generally of basic composition.
Peridotites or serpentinites, gabbros, and diorites are the prevail
ing igneous types.

However, ?pre-Jurassic granite in Western

Zamboanga and ?granodiorite of the same age in Batangas were
reported by the Buieau of Mines.

The extensive schists are probably

derived from basic volcanics or ultrabasic plutonic instrusives.
Persilicic plutonic rocks are present in the western and northern
isYiinds.

The average basic composition of basement terrains,

according to Irving (1950), "may explain geochemically why chromite,
•ru.nganese, copper and iron are the principal base metals produced
from tho Islands almost to the exclusion of other alloy or base
metals, and pegmatitic minerals or metals."
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nature of the primary source rock, the resulting sedimentary and
metamorphic rocks are comppsed of undifferentiated amphibolite,
quartzofeldspathic and mica shist, and phyllites-slates frequently
associated with marble and ?quartzite.
The only strata of proved Hesozoic age are found in south
eastern Mindoro and in Cebu.

Ammonites from Mindoro are considered

to be Middle to Late Jurassic in age, (Irving. 1950, p. ^51) and
are found in limestone concretions and in beds with coarse conglo
merate {Corby, et al, 1951* PP» 83-85).

Foraminifera found in Cebu

were considered to be Cretaceous in age "a heterogeneous assortment
of metamorphosed limestone, shales and conglomerates with occasion
al coal stringers and the beds are high contorted and steeply dipp
ing" (Corby et al., 1951, p. 116).
Middle and upper Tertiary rocks are widespread.

The beginning

of the Tertiary is considered to have been a time of shallow marine
and continental deposition in the deeply eroded surface of the
•Basement Complex.'

Volcanism was minimal and it became very active

only after middle Tertiary time.

Corby et al

(1951), stated that

the Tertiary period is characterized by numerous orogenies, and
unconformities, overlaps, rapid changes of facies, and sedimentary
hiatuses are common*
Metamorphism is not confined to the 'Basement Complex.'
Tertiary rocks found in the Caramoan Peninsula and in the Baguio
District are intruded by diorite and granodiorite stocks which have
produced marked contact met&morphism.
- kO -
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The structure of the Philippines is characterized by two major
elements, namely the north and northeast-trending orogenic belts
and the major northwest-trending faults. The principal belts of
Tertiary orogeny trend north in northeastern and northwestern Luzon

east
and in eastern Mindanao, but trend n d thmwt in Palawan, Negros,
and Cebu Islands.
The major northweot-trending faults have been referred to as
the Philippine rift (Irving, 1950) or rift zone, and this is traced
for a distance of more than 1,200 kilometers, from eastern part of
Mindanao in the south, through Leyte and Masbate Islands, to the
north-central Luzon.

Offset of strata, graben structures and,

along the northern part of the fault, the downthrowing of the north
west block by several thousand feet characterize the rift zone.
Earthquake epicenters have been located along the rift zone but
recent volcanism is present only on Leyte Island.

Apparently, no

special correlation exists between the Philippine rift zone and
bodies of intrusive rock or areas of mineralization.

An article by

Sillitoe (1972), however, tends to correlate major faults, playing
roles in plate tectonics, with copper mineralization, particularly
porphyry type.

Most porphyry and disseminated copped deposits in

the Philippines are located to the western side of the Philippine
rift
PREVIOUS NUCLEAR RAW MATERIALS PROSPECTING
A few prospecting and preliminary surveys have been conducted
during the period 195.3 to 196*+ on a few areas containing radio
active anomalies.

They are as follows:
- in -
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1.

Work conducted by the U. S. Atomic Energy Commission

entitled, "Possibilities for uranium in the Philippine Islands" by
E. K. Judd, H. E. de Sanctis and J. C. Brown in 1953I basically a
bibliographic study.
2.

Reconnaissance survey by the Philippine Bureau of Mines

and U.S.A.E.C., entitled "Reconnaissance for-uranium in the
Philippines," by N. C. Gamatero, J. C. Quema, S. L. Samaniego, C.F.
Teodoro, H. E. Puttuck and H. S. Stafford in 1953.
3.

1

Airborne survey by Huntings Geophysics, Ltd. in 195 *,

covering a total area of about 5 000 sq. km.
f

Many areas were deli-

were
neated, but other than at Larap, no areas « « thought to indicate
uranium.
^.

Prospecting work done by private, individuals and companies,

the most fruitful of which has been that dene by the Philippines
Iron Mines, Inc. at Larap, Camarines Norte, where uranium deposit
ion was found and the mineral identified as uraninite.

Reports on

this matter came out in 1956 and in 1959.
5.

Work done by J. Cameron, IAEA expert, in 196**; his report

"Prospection and Evaluation of Nuclear Raw Materials" describes
preliminary work done at Larap, Camarines Norte.

He suggested

other^in the country favorable for uranium prospecting.
FAVORABLE AREAS IN THE PHILIPPINES
Cameron, an IAEA expert, in his report to the Government of
the Republic of the Philippines in 196^, entitled "Prospection and
Evaluation of tfuclear Raw Materials" gave a list of several areas
- k2 -
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in the Philippii.es which are geologically favorable for prospecting
for nuclear raw materials based on a bibliographic survey only.
These are listed in Table VII.
Table VII practically corers the entire Philippines, if one
were to consider the last two items in Table VII.

One thing missed

by the list is the survey of all placer deposits in the country,
particularly those containing magnetite in beach sands.

These

placers should be examined for heavy minerals particularly for
monazite and zircon.

Beach sands having a possible provciiar.ee,

including granitic and other acidic intrusives should be examined
for heavy minerals.

Another prospecting aid is to examine all the

vertebrate fossils in the country.

High order of radioactivity due

to uranium has been located in the vertebrate foeails of the Upper
Siwaliks in India, including those of Elephas, Bos, Hippopotamus,
Rhino, Geoclemys, Crocodiles, Girafe, etc., where the uranium
content was found to contain 0.05$ to 0.3k% U_0 (Mahadevan and
3 o
Swarnkar, 197*0.

- 1*3 -

PAEC(D)75002

CONCLUSIONS AND RECOMMENDATIONS

This paper has discussed the geology of uranium and its
prospecting and exploration methods.

It can be said that there is

a sufficiently reasonable chance of finding uranium in the
Philippines.

To support an exploration program, the problems to be

faced are enormous. Besides geological problems, the amount
allotted for nuclear raw materials exploration is inadequate, if
one were to consider the huge amount spent by othgr countries,
India for example, in this type of undertaking.

Coupled with lack

of knowledgeable technical men to do the work, which is perhaps
attributable to lack of interest to specialize in this field by the
country's geologists, mining engineers, and metallurgists, the
problem worsens.

These problems are interrelated to one another

and the intermediate solution is by obtaining funds for exploration
work.

At present, only one government agency is doing the explo

ration work, namely the Special Projects Division of the Philippine
Atomic Energy Commission, as one of its research projects.

The

first thing to be done is to make our people conscious of the
importance of this undertaking! as one of the means for national
development.

In this way, the countiy's earth scientists' thinking

can be reoriented, to engage in this type of endeavour.

The

inclusion of nuclear geology and radioactive minerals beneficiation in the curricula of geology, mining and metallurgical engineer
ing and provision

for fellowships in these disciplines, will also

help in increasing the manpower pool for uranium exploration.
- kk -

ACKNOWLEDGMENT

It is a pleasure to acknowledge the help and advice received
from many friends.

I am especially grateful to Dr. G. Lawrence,

IAEA Expert in the Philippines, Mr. G. Santos, Jr., Officer-inCharge of the Special Projects Division of the Philippine Atomic
Energy Commission and Mrs. 0. T. Palabrica, for reading the manuscript and, calling my attention to errors and inaccuracies, as
well as making suggestions.

Thanks, tco, is due to Hiss 6. Caliwag

for being patient enough to type the manuscript again and again,
and to the Special Projects Division Staff for having assisted me
in the preparation of the paper.

Special thanks also goes to the

Philippine Atomic Energy Commission for the publication of this
paper.

- <*5 -

PAEC(D)75002
TABLE I. URANIUM SERIES

Element

Particles Emitted

Half-Life

*f.51 x 10 years
alpha
2^.1 days
beta
1.18 minutes
beta
5

2.MJ x 1 0 years
alpha
7.52 x 10 years
alpha
1622 years
alpha
3.825 days
alpha
3.05 minutes
alpha
26.8 minutes
beta
19.7 minutes
beta
1

Po

21k

1.6 x 10" seconds
alpha
beta

22 years
5.01 days

beta

PV

1 0

138.^ days
alpha

PV

0 6

Stable lead isotope

>k>aa>«Bl>

^ ^

M

a

j

B

a

i

>

4

,mt

f
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TABLE I I .

Element

THORIUM SERIES

P a r t i c l e s Emitted

Half-Life

1

1.39 x 1 0 ° y e a r s
alpha
6.7 years
beta
228

6 . 1 3 hours
beta

228
Th

1.90 years
alpha

22k

1

3.6 * days
alpha

220

5^.5 seconds
alpha
O.158 s e c o n d s
alpha

212

1 0 . 6 hours
beta

.212

,208

6 0 . 6 minutes

12

a l p h a , beta

3»1 m i n u t e s ,
.7
3«0 x 10
seconds
Stable lead isotope
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TABLE I I I .

Element

ACTINIUM SERIES

Particles Emitted

U235

Half-Life

7.13 x 10 years
alpha

231
Th

25.6 hours
beta

231
Pa

3.^8 x 10 years
alpha

227
Ac
beta
Th227

1

alpha

i 219

alpha

Rn

alpha

223

22.0 years
18.17 days
11.7 days
3.92 seconds

I

215
Po

5

1.83 x 10~ second
alpha

|

* 211

36.1 minutes

Pb "

beta

1.211

2.15 minutes
alpha

Tl207

4,79 minutes

i

beta

207
Pb

S t a b l e lead i s o t o p e

• • : - : . few
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TABLE IV. ADDITIONAL NATURALLY OCCURRING
RADIOACTIVE SUBSTANCES

Per Cent
Isotopic
Abundance

Active
Substance

Half-Life
(years)

0

1.27 X 10

K^
50
v

8 7

Rb

9

6

X

-!0

5.7

X

10

15

1 0

1

Stable Disintegration
Products

4

2

0.012

C a ° , Ar *

0.24

Cr ,

5 0

27.8

Sr

8 7

95.7

Sn

1 1 5

In

1 1 5

5

X

10 "

Te

1 2 3

1.2

X

10

1 3

0.87

Sb

1 2 5

La

1 5 8

1.1

X

10

1 1

0.089

Ba

1 3 8

Ce

1 4 2

5

X

10

1 5

11.07

Ba

1 3 8

2.4

X

10

1 5

23.85

Ce'

7

1.1

X

11
10

14.97

Nd "

3

Gd

1 5 2

1.1

X

10 "

0.20

s ^

8

Lu

1 7 6

3

X

10

1 0

2.59

Hf

Hf

1 7 U

2

X

10

1 5

0.18

Yb °

Re

1 8 7

6

X

10

1 0

7

X

io

1 1

Nd^
1

Sm ^

Pt

.

190

Source:

1

62.9
0.013

Friedlander et al, 1964

50

, Ce

k0

1

T i

0

m

1 7 6

17

Os

1 8 7

Os

1 8 6

1 5 8
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TABLL V.

common
Composition

COMMON UR/.EIUU-TUOHIUM HUEJEIIES ADD•ASSOCIATED MINERALS

II or Th Content

Color

Luster

Hardness

Specific
Gravity

Characteristics
Occurrence

Uranium-Thorium Ore Minerals
UO.

46.5-88.2% U,
up to 45.3# Th.

Black (grayPitch-like
xsh, greenish, dull or glassy
brownish)

5-6

8-10.5

Small amounts in
pegmatites and in
veins. Almost
never brownish or
reddish.

Pitchblende

Uranium
Oxide

50-80# U 0

Black (grayPitch-like
ish, greenish) earthy, dull
or glassy

5-6

6-9

Never brownish or
reddish. In veins
often with sulfide
of Co, Ni, Ag, Bi
or yellow secondary
U minerals.

Thorianite

(Th,U

Gray to black

Submetallic
to greasy

5-7

9.2-9»7

In impure metasomatized marbles.
Small amounts in
pegmatites. In
placers.

Davidite

Rare-earth
titaniumoxide

Submetallic

5-6

4.5

Resembles ilmenite;
in veins in amphibc
lite, gneiss and
quartzite; small
amounts in pegma
tites.

Vitreous

k-6

4-5.4

In placers, rare,
alters to yellowish
brown.

raninite

erite

)0^

+ 2

(U,C , F e ,
Y T h ) (Ti,
si) 0 (?)
a

t

3

5

16

g

up to 46.5# U,
45.3-87.9% Th

up to 20% U 0 ,
up to 0.12% Th
3

27.9-43.6% U
0.26-4.4% Th

8

t

filack

Black to red
dish brown.
Thorian type
yellow to
olive

-1

I lit
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^arnotite

K (UO^(UO^) -

63.65% uo,

Canary yellow

Earthy or
pearly

2-3

4. 6

Scattered irregula:
•lenses in sandston
beds; frequently
associated with
fossil logs or
bones.

ThSiO,

49-57*

Black, brown,
orange, yel
low green

Glassy

4.5-5

4.4-6.7

In granite pegma
tites, pyrometasomatically altered
marbles and metapyroxenites, carbo
atites, placers.

U ( S i

46.68* UO,

Black

Adamantine

5-6

5-5.1

Intimately mixed
with fine-grained
carbonaceous mate
rials, black vana
dium minerals, and
uraninite.

3.18

In the contact zon
of carbonate rocks

4.2-6.4

In pegmatites, sye
nites, some lime
stones. Often ass
ciated with lithiu:
or fluorine miners
Placers.

2

2

1-3 H 0
2

Thorite

'offinite

Vl-x

(OH)4x

'* Common Minerals with Uranium-Thorium
Oerianite

(Ce, Th)0^

5.1+0»5* ThO,

PyrochloreMicrolite

Columbium
Tantalate
Oxide

11.5* UO or
15.5* UO^,
up to 8* ThO.

Fergusonite—
Formantite

Rare earth
columbate

up to 8.16*
UO , 5.00*
Th6

up to 1k% UO or
1?*U0 , up to
h% ThXL

Translucent,
dark greenish
amber
Black, brown,
yellow brown,
pale yellow

Glassy or
resinous

5-6

Black to brown
"liver brown"

Glassy

5.5-6.5 5.2-6.2

In pegmatites; les
commonly in placer
usually externally
coated with buff t
pinkish clay-like
material.

Black to brown
"liver brown"

Glassy when
fresh

5-6

Nests or pockets ii
pegmatites.

2

^amarskite
Yttrotantalite

Rare-earth
columbate

5.4-6.2

^HMMMMlMMNMMMMif
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Juxenite
>oly e r a s e

Rare-earth

up to 10* UO2 or
14# UO
up to
V
5* ThO*

Black to brown
"liver brown"

Glassy when
fresh

b.5-6.5

3etafite

(U,C )(Nb,
Ta, T i ) 0
nH 0(?)

up t o 2 1 * U0 or
27* D O , O.OT1.30* ThO

Black t o greeni s h brown

Glassy to
submetallic

Yellow to
orange and
variable

a

3

?

9

2

4-5.9

S i m i l a r to samarskite

4-5.5

3.7-5.25

In pegmatites;
less commonly in
placers. Commonly
altered to brown
and yellow green.

2-5

4-6

Commonly associate'
with pitchblende.
An alteration pro
duct of uranium
minerals. Chiefly
uranium oxide,
water and lead.

Yellow, yellow waxy,
brown, red
vitreous
brown, greenish

5-5.5

4.6-5.47

Widespread in
small grains in
placers; in veins;
in carbonatites.

3ummite

variable

40-80* U 0g

"onazite

(C ,La)P0.

0.10-1% U 0
28.20* Th0„

3addeleyite

ZrO.

varies

colorless,
yellow, green,
red brown,
brown, black

submetallic

6.5

5.^-6.02

In gem and gold
placers.

Perovskite

<Ga,-Na, Ce)
(Ti, Nb)0,

0.032-0.054* TI,
0.065-0.75* Th

Black to gray
black

metallic

5.5-6

4.75-4.89

In nepheline sye*
nites and pegma
tites.

^adiobarite

a variety of
barite '
(BaSO^)

0.001-0.0077* U

Colorless,
white (blue,
yellow, red)

Vitreous

3-3#

4.5

In tuffaceous
spring deposit.

0.02-0.032$ 0,
0.15-3.2b* ThO,

Gray, white,
yellow, buff,
brown, black

Weakly
vitreous

M

2.5-3.0

Cement and frac
ture fillings in
sandstone and
conglomerates.

Apatite

e

Ca(PO^> F
3

2

g

Dull, waxy
greasy
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Xenotime

YPO,

up to 35% UO ,

fellow brown,
red, brown
pink, yellow

Vitreous to
resinous

Shade of
brown, color
less, gray,
green, red

Adamantine

Brown to
pitchblack

Submetallic to
pitchy and
resinous

5#-6

3.5-^.2

Black color, pitch;
and association
with granitic
rocks.

up to 0.28%
ThO„

Gray, brown,
green, black,
yellow

Resinous to
adamantine

5-5#

3.^-3.55

Wedge-shape;
accessory mineral
in igneous rocks
and metamorphic
rocks.

89-90% UO,

Yellow to
amber

Brilliant
to greasy

2-3

5.3

In veinlets cutt
ing uraninite at
Shinkolobwe.

73-7**% JO,

Orange red

Adamantine

<*-5

7.12-7.26

Supergene alter
ation of pitch
blende.

31% UO.

Yellow to
greenish
yellow

Peraly to
vitreous

2.5

2.51-2.55

Rounded masses
distributed in
gypsum-bearing
sandy clay.

58-63% uo.

Yellow, yel
low green to
pale green
(with Cu)

Vitreous,
pearly

2-2.5

3.1-3.2

Mica-like
!
crystals, usual
ly small, earthy; '
a common secondary[
uranium mineral.

up to 3.3% ThO.

jircon

Allanite

ZrSiO-

up to 3% U
up to 13% Th

( C , Ce, T h > - 0.00^-0.066% U,
a

2

+ 3

U l , F e , Mn,
M g ) , (SiO,.),OH 3
3

<f-5

^5-5.11

In granite pegma
tites, in veins
of the alpine
type.

n

*f.68

Accessory mineral j
in felsic to

r

intermediate

V"

Sphene

•

CaTiSiO

Oxidation Products

Becquerelite

U

+ 6

0

2 0

<OH) 2

10H 0
2

Curite
*fH 0(?)
2

Schrockingerite

NaCa

(U0 )
2

(CO.) <SO^)F
10H 0
2

Autunite and
Ca(U0 >
Meta-autunite /
\
2

2

p o

10-12H 0
2

\

igneous rocks and
in metamorphic
rocks, in placers.
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Torbemite
\nd Metatorbernite

C (U0 )
(P0 )28-12H 0
U

2

2

57-61* UO.

Pale to dark
green

Vitreous
pearly

73-79% UO.

Golden yellow

57-58% U0,

Yellow, green
i s h yellow

55% UO

Yellow

3.2

Mica-like crystals;
with other uranium
minerals as ccating
on many types of
rocks.

Pearly

**.05-U.H

Secondary mineral i
uraniferous pegma
tites, pitchblende
veins and Colorado
Plateau type depo
sits*

Adamantine
pearly

3.62

Turns green with
exposure to sun
light; associated
with calcite mine
rals.

^.55

As impregnations,
cryptocrystalline
veinlets and small
plates in sand
stones in French
Equatorial Africa.

3.31

Leached tyuyamunite(?), with other
uranium minerals.

2.5

4

2

Phosphuranyllite

c <uo \
R

2

9H 0
2

^yuyamunite

0a(UO )
2

2

(vo,) 2

7-10}* H 0
2

i r a n c e v i l l i t e (Bn,Pb)(U0 >2

(V0^) .5 H 0
2

2

erghanite

U,(VC,)_.6H_0
V2'

'horoguramite

Th(SiO,)
(OH),
'4x

ranophane

Ca(U0 >
(SiO ) (OH) 5H 0
2

2

2

2

Sulfur
yellow

Waxy

2.5

25-31%^% U,
l8.2-50.856 Th

White, yel
low buff, red,
green

Dull, earthy,
waxy

3.5-^.5 3.3-5.*+

Chiefly in pegmatites, lesser
extent in hydrothermal deposits.

67% UO,

Pale yellow,
yellow, orange
yellow

Pearly to
greasy

2-3

An alternation pro
duct ofgummite,
pitchblende or
other uranium mine
rals. Commonly
associated with
other secondary
minerals.

3.68-3.86

:
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klodowskite

Mg(U0 )
(SiO )2
6 H0
2

2

6896 U0_

Citron yellow

Pearly

2-3

3«5 +-3.6*+

As dissemination
in the oxidized
zone at Shinkolobw*
as fillings in
breccia.

5.83-5.96

Supergene alter
ation in pitch
blende veins; with
other uranium mine
rals.

i

2

Kasolite

Pb(UO >
(SiO )-(OK)

^8-^+9^ UO.

bellow tol
brownish
yellow

Resinous to
greasy

**-5

Thucholite

Hydrocarbon

2-8% U , 0
3 o

Jet black

Brilliant

3-<+

D.

o

Common Metallic Minerals with Radioactive Impurities and Inclusions
Chalcopyrite

CuFeS

Pyrite

FeS

Pyrrhotite

Fe

Molybdenite

MoS

Coal-like; will
burn; Sometimes
replaces uraninite.
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T^BLE V I . FLUORESCENE OF SOME
RADIOACTIVE MINERALS

Mineral

Fluorescene

Autunite

yellow green

Beta-Uranopilite

yellow green

Beta-Uranotil

yellowish

Chalcolite (uran-mica)

yellow green

Gummite (variable)

violet

Johannite (variable")

yellow green

Meta-torbernite

yellowish blue

Schroeckingerite

green

Torbernite

yellow green

Uranocircite

yellow green

Uraniferous hyalite

yellow green

Uranophane

yellow green

Uranopilite

yellow green

Uranosphatite

yellow green

Uranothallite

green

Uranotil

yellowish

Zippeite

yellowish

Jource:

Dejj/er's P u b l i c a t i o n
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TABLE VII. CONTENTS OF RADIOACTIVE ELEMENTS
IN RIVER WATER, OCEAN WATER, AND THE PRE
CIPITATION FALLING ON THE OCEAN BOTTOM

River g/ml

Ocean g/ml

Uranium
I-h

1.3 x 10"

250

5 x 10-

9

1.0 x 1 0 ~

-1*f

1 5

•6

Radium

0.6-1.0 x 10"

Total thorium

5 x 10"

Source:

Koczy, 195^

1 2

9

Bottom
g/m-year

0.8 x 10

1.5 x 10

1.8 x 10~

0.7 x 10
-11
2 x 10

hO x 1 0 ~

9

1 2

1.8 x 1 0 ~

6
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TABLE V I I I .
GEOLOGICALLY FAVORABLE AREAS
FOR PROSPECTING FOR NUCLEAR RAW MATERIALS
(URANIUM) IN THE PHILIPPINE ISLANDS*

Reasons for Favorability

Location

1,

Larap-Paracale District

Presence of granodioritic stock.
Extensive metallic mineralization,
Au, Fe, and also Cu, Mo Pb, Zn,
etc. Known occurrence of radio
active minerals at Larap Wine.
Radioactive serial anomalies indi
cated by Huntings Survey,
v

2,

Lobo Mine Areas,
Batangas, Southern
Luzon

Presence of granoiiorite ftock.
Radioactive anomaly of six times
background found in 1953 i* old
mine tunnel. Cu, Fe, Au mineral
ization.

3,

Labugaon River Area

Quartz-diorite host rock with
eugranitic intrusifltts. A cons
picuous radioactive aerial
anomaly, reaching seven times
background.

k,

Baguio District
Mountain Province

Extensive mineralized area, Au,
Ag Cu, Pb, Zn, and Fe. Quartz
diorites and andesitts with sole
granodiorite bodies intruded into
slates, schists and cherts.

5»

Mati Area, Mindanao

One Huntings aerial anomaly near
a magnetite sulfide ore deposit
and associated with quartz diorite intrusives.

6

Marinduque Island

Various Huntings aerial anomalies
and Cu, Pb, Zn, Fe mineralization.

#

f
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9.

Sibuguey Area,
Zamboanga del Sur,
Mindanao

Magnetite iron ore area with sul
fides. Diorite intrusives.
Inconclusive evidence from Hunt
ings aerial survey.

Atlas Consolidated
Mines

Extensive Cu mineralization with
subsdiary Mo, and magnetite.
Diorite host rock.

Sipalay Mine,
Negros Occidental

Extensive Cu mineralization with
subsidiary Mo and magnetite
Diorite host rock.

10. Phosphate Rock Areas
of Cebu, Negros,
Bohtl and Luzon

Reputed slight radioactivity
associated with the phosphate
deposits.

11. Masbate Gold District,
Bohol Island

Granitic intrusive, Au, Cu, Zn,
and Pb mineralization.

12. Jetafe District,
Bohol Island

Granitic intrusive, Au, Cu, Zn,
and Pb mineralization.

13* Lubang Island
Puerta Calera, Mindoro,
Palawan Island,
Panay, Samar Islands

Various reputed acidic intrusive
basement areas. Also Cu, Pb, Zn,
mineralized areas.

15. All coal, lignite and
bituminous shale
areas

General association between
uranium and carbonaceous matter.

* Cameron, 196*+, Table I, p. 25

r
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