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SUMMARY

A report has recently been published which describes
the findings of the International Uranium Resources
Evaluation Project (IUREP) mission to Portugal.
The IUREP Orientation Phase mission to Portugal
estimates that the Speculative Resources of that country
fall within the range 20,000 to 80,000 tonnes uranium.
The majority of this potential is expected to be located
in intergranitic vein deposits and in pre-Ordovician schists,
but other favourable geological environments include episyenites and Meso-Cainozoic continental sediments.
The mission recommends that approximately US$25
million be spent on exploration in Portugal over the next
10 years.
The majority of this ($18 million) would be
spent on drilling, with a further $7 million on surface
surveys and airborne radiometric surveys.
It is the opinion of the IUREP Orientation Phase
Mission that the considerable funding required for the
outlined programme would most suitably be realized by
inviting national or foreign commercial organisations
to participate in the exploration effort under a partnership or shared production arrangements.
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INTRODUCTION
During the bibliographic study, which formed the first
phase of the International Uranium Resources Evaluation Project
(IUREP), Portugal was identified as one of the countries with
good potential for uranium resources in addition to those
reported on in "Uranium Resources, Production & Demand, December
1977"*.
Following a meeting, at which the IUREP Orientation
Phase was discussed in some detail with a selection of those
countries with good potential, the Portuguese authorities
requested an Orientation Phase mission.
This mission was
undertaken by three consultants in September/October/November
The full report on the mission (1i6p, 35 figures, 23
tables) was published in May 1980 and is available for study
at the location listed in Annex I of this summary report.
The Executive Group for the IUREP Orientation Phase
acknowledge the most excellent cooperation given to the mission
by the Portuguese authorities and all the Portuguese staff
assigned to assist the mission.
GENERAL GEOGRAPHY
Continental Portugal flanks the western side of the Iberian
Peninsula and has an area of 88,740 km^.
The country is
roughly rectangular in shape with a maximum breadth of 220 km
and a north-south extent of 558 km.
The valley of the Tagus
river divides Portugal into a mountainous north, with maximum
elevations close to 2000m in the Serra da Estrela, and a
lowland south.
The other major river, the Duoro is in the
north.
Portugal experiences mild, moist winters and warm,
dry summers.
The population is approximately 10,000,000, of
whom 1,640,000 live in the metropolitan area of the capital,
Lisbon.
Topographic maps of the whole country are available from
the Servico Carografico do Exercito in several scales, ranging
from 1:25,000 to 1:1,000,000.
Aerial photographs are
available in the scales of 1:8000, 1:15,000 and 1:25,000.
ADMINISTRATIVE BODIES CONCERNED WITH URANIUM
At the present time, the ultimate responsibility for all
aspects of geology, mining and energy in Portugal rests with
the Minister for Industry and Technology.
Uranium geology,
exploration and production are covered, within this ministry,
by the following three bodies:
1.
The Empresa Nacional de Uranium E.P. (ENU) - a wholly
government-owned company with its headquarters at Urgeirica
Mine, Canas de Senhorim in the Beira Alta province whose
objectives are:- reconnaisance, prospection and exploration

"Uranium Resources, Production and Demand, December 1977"
OECD(NEA)/IAEA.

Figure 1. MAIN GEOLOGICAL UNITS OF PORTUGAL

Porto

<
u
U
O

u
H
Z
<

Lisbon

50 km

Tertiary Basin
Meso-Cenozoic Borders
Northern Block (Metamorphic/Granitic)
Southern Block
^

Faults

1,2,3,4 - Hercynian granite plutons with ring shaped forms

- 5 of uranium deposits; the exploitation of known uranium
deposits and those which may be discovered; the establishment
and operation of installations for the treatment of uranium
ores and recovery of uranium; and the commercialisation of
the final product obtained.
2.
The Division of Uranium Mineral Prospecting, within the
General Directorate for Geology and Mining (D.G.G.M.), which
is responsible for the execution of national uranium
prospecting outside concession areas held by ENU.
This
division has its headquarters at Rua Diogo Couto 1-3°, Lisbon.
3.
The Department of Nuclear Energy, within the General
Directorate for Energy, which is responsible for all work on
policy, public relations and relations with international
bodies of other States concerning nuclear matters.
This
department, with its headquarters at Avenida da Republica
No. 45, Lisbon is also responsible for co-ordination between
the ENU and the D.G.G.M.
LEGISLATION CONCERNING URANIUM EXPLORATION,
DEVELOPMENT AND PRODUCTION
All rights to uranium exploration and production are
presently confined to government bodies.
The Division of Uranium Mineral Prospecting of the D.G.G.M.
may explore in any part of the country outside the ENU concessions and the ENU may explore and produce uranium from the
concession areas granted to it by the Ministry of Industry and
Technology.
At the present time the ENU is exploring and
producing only from the region of the Beiras.
There are no private national or foreign companies
participating in uranium exploration, but ENU could, if it
wished, take a foreign partner up to a 49% holding.
Since
May 1977 the ENU has had the exclusive rights of production
for uranium.
It would appear that no non-government bodies
could take part in uranium production, but an attempt to have
the legal aspects of this clarified is in progress.
The
Portuguese Government has the ultimate control on the disposal
of any uranium produced in Portugal.
GEOLOGY OF PORTUGAL
Continental Portugal is located on the western edge of
the large Iberian Meseta, the Hercynian geotectonic unit of
the Iberian Peninsula (Figure 1). The western edge of the
Meseta, which underlies about two-thirds of Portugal, consists
principally of Palaeozoic metasediments and granitoids and has
been divided into Northern and Southern Blocks.
The remaining one-third of the country is underlain by
Mesozoic-Cainozoic marine and continental sediments of the
Western Province and the Southern Borders.
Northern Block
Most of the northern two-thirds of the Northern Block is
referred to as the Central Iberian Zone which is characterized
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the Schist-Graywacke Complex which is probably of Precambrian
and Lower Cambrian age.
Erosional remnants of Middle
Palaeozoic rocks are found in the southern part of the area.
The southern one-third of the Northern Block is known
as the Ossa Moreno Zone and here Cambrian, Ordovician and
Silurian metasediments underlie extensive areas.
The entire Northern Block was folded, complexly faulted
and intruded by two generations of granites during the
Hercynian Orogeny.
The three main fault directions are
NNE-SSW, NW-SE and ENE-WSW.
The folds usually have a NW-SE
trend.
This faulting was further complicated by rejuvenation
during the Mesozoic and Cainozoic. The general structural
trend of these post-Hercynian tectonics (principally Alpine)
is northeasterly.
There are two generations of Hercynian granitoids, an
older granite (298 ^ 10 m.y.) and a younger granite (280 m.y.).
These intrusions are present throughout the entire Northern
Block.
The older granites are mainly two mica alkaline
granites containing few and rare accessory minerals other
than apatite.
The younger granites are biotite calcalkaline
granites with oligoclase and/or andesine as the plagioclase
and with a variety of relatively abundant accessory minerals.
They form massifs which are discordant relative to the
generally northwest structural grain of the Hercynian belt.
These younger granites are the uraniferous "fertile" granites
of the Iberian Meseta and are thought to be the source of the
uranium which has accumulated in the various deposits.
Dolerite dikes are abundant throughout the Hercynian area.
Extensive Permo-Triassic, Cretaceous and Pliocene peneplanation has taken place throughout the Northern Block.
Southern Block
This area is underlain by marine Upper Devonian and
Carboniferous slates and graywackes.
The sedimentary sequence
becomes more quartzose towards the top.
Deposits of iron and
manganese of Alentejo may be related to lava flows of the
Lower Carboniferous and Upper Devonian.
Hercynian granite
magmatism is not present in this area.
The nepheline syenite laccolith at Monchique, in the
south-western part of the block is probably of Middle Eocene
age.
Western Province
The Western Province contains the Western Meso-Cainozoic
Border and the Tertiary Basin.
The Mesozoic-Cainozoic sedimentation in Portugal was
controlled by the subsidence and uplift of a vast rift system,
known as the Portuguese Depression, to the south and southwest
of the Meseta.
Movement along longitudinal faults, which
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resulted in vertical as well as lateral alternations of
continental and marine sedimentation.
At the base of the Mesozoic section is the Triassic
Silves sandstone, which consists of red continental sandstones and conglomerates with locally abundant plant
material and several minor occurrences of malachite and
azurite in reduced zones.
Near Caldas da Rainha, Leiria, Monte Real, Soure and
Louie are marls, gypsum and rock salt in diapiric structures.
These rocks are considered to be Upper Triassic-Lower Lias
in age and could be lateral equivalents of the continental
Silves sandstone.
The lower two-thirds of the Jurassic consists principally
of marine limestones and limey sandstones.
The upper one-third
is composed of fluviatile sandstone and shales containing some
macerated plant remains and local lignite deposits.
The Cretaceous sediments are largely continental sandstones
and clays although one extensive marine transgression, resulting
in the deposition of limestones, occurred during the Cenomanian.
The Tertiary sedimentation was largely continental, consisting of conglomerates, arkosic sandstones and clays, although
marine Miocene has been noted in the southern part of the
Western Border.
During the Alpine Orogeny the structural effects consisted
principally of vertical movements along faults and tilting but
no folding or metamorphism occurred.
A granite-diorite-gabbro
batholith was intruded at Sintra, probably during Middle Eocene
Pyrenean movements, which uplifted the surrounding sediments.
Southern Meso-Cainozoic Border
In the Algarve, the Triassic Silves sandstone is interbedded with marls.
The Jurassic and Cretaceous sediments
show considerable marine influence and this is also the case
in the Tertiary.
PAST EXPLORATION
Soon after the discovery of radium at the end of the
nineteenth century, the Portuguese uranium-radium deposits
were receiving attention and the Urgeirica deposit was
discovered in 1912.
Additional exploration work was undertaken during the 1930s by the Companhia Portuguesa de Radium
Lda but it was only in the late forties and fifties that this
company expanded its activities with the result that 62,055m
of diamond drilling was carried out in its concessions between
1945 and 1960.
Regional prospecting began in 1955 when the Junta de
Energia Nuclear (J.E.N.) launched its programme to survey
50,000 km2 of the Portuguese mainland.
The methods used were
airborne and carborne scintillometer surveys and ground

Figure 2. ABEAS OF URANIUM POTENTIAL
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- 9traversing on foot together with photogeological studies and
geological surveys.
The initial programme was principally
directed at the granites of the Beiras and their border areas
and extended in 1957 into the Alto Alentejo district to the
south and the Mirandela district to the north.
The airborne
prospecting met with very little success while the carborne
surveys and ground prospecting were particularly successful
so that by 1961 around 100 uranium deposits were known in
granitic or perigranitic zones in the Beiras and Alto Alentejo
districts.
The initial reconnaissance surveys have been
followed up with more detailed work including trenching, wagon
drilling, core drilling and prospect mining.
Electrical
resistivity surveys have been used very effectively to define
fault and vein structure extensions in known deposits.
In 1962-63, carborne survey work was performed in the
favourable geological environments of the sediments of the
Meso-Cainozoic borders and the Tagus Tertiary basin. Detailed
prospecting commenced in these areas in 1971 using radiometric
surveys and stream sediment and ground water sampling, with
the latter proving to be the most effective technique. Several
anomalies have been recorded and some uranium occurrences
located but no deposits have yet been found.
Since 1977 two government bodies, ENU and the D.G.G.M.,
have continued exploration in Portugal.
The ENU activities
have so far been limited to the Beira region, consisting
mainly of detailed investigations of previously known anomalies.
The D.G.G.M. has worked in the Meso-Cainozoic sediments of the
Caldas da Rainha and Coimbra areas and also in the Castedo
(Moncorvo) area.
The work, which has been mainly surface
radiometric surveys, geochemistry and a minor amount of drilling,
has recently been extended into the Tertiary areas of the Tagus
and Sado basins.
OCCURRENCES OF URANIUM
Occurrences and small deposits of uranium are very numerous
in Portugal.
In 1964 the J.E.N. listed 377 "deposits" and, in
addition, there are a great many small autunite-torbernite
encrustations on joint planes, small faults and veinlets which
were not recorded.
For the purpose of this report the uranium occurrences
are described according to their type. Of the seven types
described below, the intergranitic vein type and the type in
which the uranium is disseminated in pre-Ordovician schists are
presently the most important contributors to the known uranium
resources.
The locations of the areas discussed in the text
are shown in Figure 2.
Intergranitic Veins
By far the majority of the intergranitic vein occurrences
are in shears and tension fractures, probably of late Cretaceous
or Tertiary age, in the younger fertile granites of the Beiras.
The veins vary in extent from some tens of metres up to several
kilometres in length.
They are of the siliceous-pyrite-galena
type and have red jasper, ferruginous white quartz and black and
white banded quartz as the main gangue rock.
The primary
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uranium mineral is pitchblende, which occurs either disseminated
in the red jasper or as a sooty coating in cracks and vugs in
the vein gangue.
Secondary uranium minerals are found at and
near the surface.
The vein uranium occurrences in the Alto Alentejo district
are in veins of the black and white banded quartz or ferruginous
white quartz type in Hercynian two-mica granite.
Red jasper
veins are absent.
The uranium occurrences in the Mirandela
area are found in a very similar setting though the uranium
occurs mainly in secondary minerals.
Other vein occurrences
are known in the Macico Eruptiva do Evora and the Amarante
area, again in black and white quartz or white and ferruginous
quartz veins.
Episyenites
The recently discovered deposit at Aljao, nine kilometres
north west of the town of Goveia on the northwest side of the
Serra da Estrela mountains, occurs in a feldspathic episyenitic
lenticular body which extends to a depth of 80m. This episyenite
has lower density and higher porosity and permeability than the
parental medium-to-fine grained biotite-muscovite granite. The
uranium mineralization occurs as disseminated phosphates, mostly
autunite, within the episyenite and in the form of pitchblende,
together with fluorite, mainly at the transition zone between
the episyenite and the granite.
Pre-Ordovician Schists
Uranium mineralization, in the form of secondary uranium
minerals - autunite, saleeite, bassetite, phosphuranylite and
occasionally chalcolite, impregnates the schistocity of the
Pre-Cambrian/Cambrian schists which form the boundaries of the
uranium bearing Hercynian granites.
Occasional occurrences
of sooty pitchblende have been recorded.
The mineralization is
usually close to the contact and almost always within the metamorphic aureole.
The metasediments are normally spotted quartz-micaceous
schists, phyllites and metagraywackes.
^^^
The most explored and best known depos^^of this type is
the Nisa deposit in the Alto Alentejo district.
Here, surface
radioactivity and secondary uranium minerals occur along an
eight kilometre long zone in the metamorphosed rocks immediately
north of the contact of the Nisa granite.
The host rock for
the mineralization is essentially phyllite and quartz phyllite.
Other occurrences of this type are known elsewhere in the Alto
Alentejo district and in the Mirandela area, the Beiras, Torre
de Coria Chama, Castelo Branco and the Barrancos-Fronteira area.
Continental Sandstones
Numerous geochemical and radioactive anomalies have been
found in the Meso-Cainozoic sediments of the western coastal
belt but no occurrences of uranium minerals have been recorded.

- 11 Tertiary Sedimentary Basins of the Northern Area
A small uranium deposit was discovered in loosely consolidated coarse granitic sand and grey-green clay in the
south-east corner of the Urgeirica mining concession. This
alluvial material, which lay under one metre of barren soil,
extended to a depth of 10 metres and rested on granitic bed
rock.
The ore mineral was mainly fine-grained autunite
disseminated throughout the sands and clays.
Alkaline Complexes
Radioactive anomalies occur in the Monchique area, but
no uranium mineral occurrences have been found.
Others
Uranium occurs in refractory minerals and occasionally
in uraninite in pegmatites.
None of the known occurrences
are of economic importance.
PAST PRODUCTION AND PRESENT RESOURCE POSITION
To the end of 1978 a total of 2135 tonnes of uranium (in
concentrate) had been produced in Portugal. It was planned to
produce a further 85 tonnes in 1979*.
As of January 1st 1979 the uranium resources of Portugal*
were estimated as shown in the table below:-

TONNES U
REASONABLY ASSURED RESOURCES

ESTIMATED ADDITIONAL RESOURCES

Recoverable
at less than
$80/kg U
(Reserves)

Recoverable at
$80-130/kg U

Recoverable at
less than
S80/kg U

6,900

^fc^OO (a)

Recoverable at
$80-130/kg U

2,500 (b)

(c)

(a)

Recoverable uranium by leaching of low-grade ores (less than
425 ppm U) estimated for Nisa (1,000 tonnes U ) , Quinta do
Bispo, Azere, and Cunha Baixa deposits.

(b)

Extensions of known deposits and undiscovered deposits
believed to exist along the Beiras and Alto Alentejo uraniferous regions, and uranium recoverable through solution
mining.

(c)

Estimates in this cost range have not been made.

The geologists of the ENU and the D.G.G.M. estimated the
Speculative Resources of Portugal at 7000 tonnes uranium*.
Source "Uranium Resources, Production and Demand, December 1979"

OECD(NEA)/IAEA.

- 12 AREAS FAVOURABLE FOR ADDITIONAL RESOURCES
AND RECOMMENDATIONS FOR EXPLORATION
Portugal has a long history of uranium exploration with a
considerable amount of success attending these past efforts.
The members of the IUREP mission believe that there is much
uranium still to be discovered in Portugal and the areas thought
to contain these additional resources are described in this
section, under the same categories of deposit type used earlier,
together with an indication of the exploration methods that
could be used to locate the deposits. It should be noted that
this is a very brief summary of what is the ma.jor part of the
mission report and it is not possible to adequately summarize
here the large quantity of technical details contained in that
report.
Intergranitic Veins
(a)

The Beiras

The surface exploration of the Beira granite area for
uranium has been very detailed and exhaustive for a period of
almost 75 years.
It appears unlikely that any major outcropping
favourable vein structure with surface evidence of uranium
mineralization or extensive radioactivity has remained undetected.
Any future potential in the granites must, therefore, be looked
for from four possible sources:(i)
Known vein structures with surface outcrops of
radioactivity whose potential has not been fully assessed in
depth or on lateral extensions by drilling or mining. Here it
would be necessary to drill beyond the productive zones of known
deposits, to examine red jasper veins with low radiometric values
at the surface or to drill on veins with other favourable characteristics such as black and white banded quartz or ferruginous
stained white quartz.
(ii)
Extensions of known productive vein structures
whose potential is unrecognized because the sub-surface outcrop
is covered by younger deposits.
In this case geophysical
resistivity surveys to check the continuity of fractures would
be the first step, followed by drilling where indicated.
(iii)
Structures whose potential is presently unrecognized
on the basis of surface evidence.
A detailed interpretation of
Landsat images would be followed by electrical resistivity
surveys and eventually by drilling.
(iv)
Structures in other granite areas at the borders
of the Beiras region.
Reconnaissance geochemical and geophysical
surveys would be required and later followed up by more detailed
studies and finally trenching and drilling.
(b)

Alto Alentejo

The surface exploration in the Alto Alentejo district has
been substantial and the problems of locating additional resources
are similar to those in the Beiras and possibly, due to the
absence of red jasper veining, less encouraging. The report
recommends that drilling be considered on (i) the extensions of

-. 13 known mineralized veins, possibly to some depth and (ii)
possible vein extensions below shallow cover and alluvium.
In addition valleys and ridges, with bearings between N10°W
and N20°E, should be examined, by Landsat imagery and
resistivity methods, as these could be indicators of presently
unrecognised structures.
Some detailed geochemical survey
could produce useful results in this district as could radon
surveys on a grid patters.
(c)

Mirandela

Much less exploration work has been done in this area
than in the Beiras and Alto Alentejo, and the intensity of
veining is very high.
It is recommended that VLF (very low
frequency) surveys and radon surveys be completed in this
area and that drilling should be undertaken on the same three
types of targets as in the Alto Alentejo district.
(d)

Macico Eruptivo do Evora

No detailed surface work and no sub-surface work has yet
been done on the four known radioactive vein outcrops of the
Viana do Alentejo granite area.
Detailed surface mapping,
trenching and drilling is recommended in this area.
(e)

Amarante-Cinfaes

The Amarante-Cinfaes area is a northern extension of the
Beira granite and contains many favourable structural features.
Detailed surface mapping, trenching and drilling is recommended
in this area.
(f)

Other granite areas

In addition to the previously mentioned areas there exist
other, very extensive, areas of "fertile" Hercynian granites
which have not, to date, shown indications of radioactivity in
the carborne surveys but which may contain mineralized veins.
The north west corner of the country, north west of the Tamega
river, is mainly younger Hercynian granite and covers an area
of approximately 6000 km 2 .
The granite areas in the central
extreme north of the country at Vila Pouca de Aquiar and Chaves
have favourable structural positions, and the Castelo Branco
and Penamacor granites, lying between the Beiras and Alto
Alentejo, require detailed study.
To the south of the Alto
Alentejo region further work could be done on the MonforteFrontiera granites and the granite to the north of Arraidos
could be studied.
Landsat imagery, geochemical surveys and radiometric
traversing of these areas, followed by drilling, is recommended
in the report.
Episyenites
It is recommended that further exploration effort be
directed towards the recognition of episyenite bodies similar
to that discovered at Aljao, to be followed by drilling if
appropriate.
At least one episyenite body is believed to
exist in the Gerez region.

- 14 Deposits in Pre-Ordovician Schists
(a)

The Beiras

The Azere area has the best potential for deposits in
Pre-Ordovician schists in the Beiras.
Here, in the metamorphic
aureole at the south-west extremity of the Beira granite, eight
radiometric anomalous areas have been confirmed but very little
sub-surface exploration has been done.
Further surface work,
including radon and helium grid surveys and VLF geophysical
surveys, should be followed by drilling.
Further uranium resources could be discovered in the
inliers containing the deposits of Cunha Baixa, Quinta do Bispo,
Senho^a das Fontes and Cotinos both in extensions of the known
deposits, other parts of the inliers and in other inliers in the
neighbourhood, particularly near Cunha Baixa.
The schists of
the Serra da Morofa are also a good target for exploration.
In addition to the above areas it is recommended that a
careful review be made of all the carborne radiometric anomalies
located over the granite-metasediment contacts and in the metamorphic aureoles of the Beiras.
It is recommended that in these
zones even weak anomalies should be followed up with emanometry
surveys, geochemistry, trenching and, where justified, by
drilling.
A priority target may be the Covilha-Fundao-Sabugal
border, but several other areas are identified in the report.
(b)

Alto Alentejo

It is recommended that drilling be undertaken close to
and parallel to the granite-metasediments, to a considerable
depth (up to 300 m) at the Nisa, Mato da Povoa and Lameirancha
deposits.
Reconnaissance drilling on a wide-spaced grid
pattern of the whole metamorphic aureole is also recommended.
The three small granite areas and their aureoles around Gaviao
and Macao, which are thought to be extensions of the Nisa
granite, should also be explored.
(c)

Mirandela area

In the Mirandela area the uranium occurrences in schists
are mainly to the west of the Vilariga fault.
Several of
these occurrences have not been adequately explored and drilling
could be undertaken to further evaluate their potential.
(d)

Torre de Dona Chama-Valpacos

Preliminary reconnaissance is recommended along the metamorphic aureole of the Torre de Dona Chama - Valpacos - Chaves
granite where only one uranium occurrence is known.
This
could be followed by an emanometry survey and, where indicated,
by drilling.
(e)

Castelo Branco

There is only one known occurrence in the carbonaceous
schists in the metamorphic aureole of the Castelo Branco granite.
The weak radiometric anomalies previously recorded should be
studied and possibly followed up by an emanometry survey and
drilling where indicated.

- 15 (f)

Barrancos-Fronteira

The carborne survey data collected over the metamorphic
aureoles in this region should be studied and followed by
emanometry surveys and drilling if required.
(g)

Other Areas

There are extensive contact zones in the granites north-west
of the Tamega in the Minho and in the south from Evora to Serpa
associated with smaller granite bodies. Again a very careful
review of all the carborne work is recommended with follow-up
by geochemical and emanometry surveys where justified and later
by drilling where indicated.
Continental Sandstones
As a result of past activities several anomalous areas
have been discovered in the Western Meso-Cainozoic Province
but the geological significance of these anomalies has not yet
been determined and no uranium minerals have been identified
in outcrop.
There is no doubt, however, that anomalous amounts
of uranium are moving in the sub-surface waters of this province.
The Coimbra and Caldas da Rainha areas have been explored reasonably well using mainly hydrogeochemical techniques. It is
recommended that several of the anomalous areas be explored
by drilling, specifically, Soure, Vale Furado and the AlcobacaBombarrel Syncline areas.
The Tagus Tertiary Basin should be explored using hydrogeochemical techniques followed, where appropriate, by drilling
of anomalies.
The uranium potential of the Southern Meso-Cainozoic
Province (the Algarve) is probably not as good as that of the
Coimbra and Caldas da Rainha areas and no exploration is
recommended.
Because of the lack of evidence that uranium has been
precipitated in substantial quantities in these areas, the
mission was unwilling to give a higher estimate for the Speculative Resources, but pointed out that one good uraniferous
intersection could considerably upgrade the potential.
Tertiary Basins of the Northern Area
There are a large number of areas, in particular between
the Caramulo and Estrela mountains, where shallow Tertiary basins,
filled with arkose-argillaceous deposits, could be on top of
granites or pre-Ordovician schists.
All of these areas should
be investigated using resistivity surveys to determine the
depth of the sediments and then hydrogeochemical surveys.
Radon (and possibly helium) surveys would then be undertaken
to outline drilling targets.
Alkaline Complexes
Three small granitic-syenitic-dioritic-gabbroic intrusions
occur at Sintra, Sines and Monchique and form concentric
structures intruded along fracture zones.
All three complexes
have broad structural and petrological similarities, although
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there are differences in detail.
The Monchique complex
possibly has the best potential for uranium deposits.
It is recommended that all three complexes be thoroughlyexamined.
Possible favourable areas presently unexplored and
with no known occurrences
Additional areas with potential for resources, not
described elsewhere in the report, include:Geres - this area is geologically very similar to the
Beiras and several carborne anomalies are known.
Granito-Fronteira Norte - three small granite outcrops
to the north of Braquanga.
Mirando do Bouro - several outcrops of older granite
surrounded by pre-Ordovician schists.
Castelo Branco - in addition to its potential for vein
and disseminated deposits, extensive areas are
covered by Tertiary sediments.
and the Northern Granite Areas, the Central Serras, Ribatejo,
the Steubal-Almada Peninsula and Baixa Alentejo.
In general, it is recommended that a gamma-ray spectrometer survey be done in the south-eastern half of the country
which would cover the Castelo Branco, Nisa, Bacia do Tejo,
Barrancos-Fronteira, Macico Eruptivo do Evora, on a firaly
detailed scale, and the Ribatejo, Setubal-Almada peninsula,
Baixa Alentejo, Monchique and Algarve on a reconnaissance
scale.
This survey could be undertaken using fixed-wing
aircraft but, as these areas frequently have good road coverage
car-borne equipment could be used.
Helicopter-borne spectrometer surveys should be considered
for some of the northern, more mountainous terrain, specifically
Gere's, Torre de Dona Chama, Miranda do Douro, the north-west
granite area and the Central Serras.
IUREP MISSION ESTIMATE OF SPECULATIVE RESOURCES
The IUREP Orientation Phase mission estimates that the
Speculative Resources of Portugal fall between 20,000 and
80,000 tonnes uranium (see Table 1 ) . The majority of these
resources will occur in the traditional types of deposits those in intergranitic veins and those in pre-Ordovician
schists.
The evidence for a high potential in continental
sandstones and in episyenites is as yet unproven.
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ESTIMATED SPECULATIVE RESOURCES*
Range
Tonnes Uranium
1.

2.

3.

4.

5.
6.
7.

Intergranitic Vein Deposits
1.
Beiras
1A.
Alto Alentejo
Ext Nisa Granite
3.
Mirandela
14.
Evora
7.
Amarante-Cinfaes
Other Granites
Episyenites
Metasediments
1.
Beiras
a) Azere
b) Other areas
1A.
Alto Alentejo
3.
Mirandela
4.
Torre de D. Chama
11.
Castelo Branco
15.
Barancos-Fronteera
Other Areas
Meso-Cenozoic Deposits
8.
Coimbra
9.
Caldas da Rainha
12.
Bacia do Tejo
)
13.
Bacia do Sado
)
Late Tertiary and Recent Deposits
All areas
Alkaline Complexes
Possible Favourable Areas
Presently Unexplored and
with no known occurrences

4,000-14,000
1,000- 2,000
1,000- 5,000
1,000- 2,000
500- 1,000
500- 1,000
1,000- 5,000
0- 5,000

2,5002,0001,0001,000100100100200-

7,500
8,000
5,000
2,500
1,000
1,000
1,000
2,000

0- 2,000
0- 2,000
Q_ 2
u ^,
100- 1,000
0500

5 ,000-15 ,000

TOTAL

21 ,100-85 ,500

ROUNDED TOTALS

20 ,000-80 ,000

* Speculative Resources refers to uranium in addition to
Estimated Additional Resources, that is thought to exist mostly
on the basis of indirect indications and geological extrapolations
in deposits discoverable with existing exploration techniques.
The location of deposits envisaged in this category could
generally be specified only as being somewhere within a given
region or geological trend. As the term implies, the existence
and the size of such resources are highly speculative.

TABLE

2

Summary of Exploration Proposals for all types of deposit in all areas

Areas

Cost of
Drilling
Present US$

Other
Programmes

Cost
Present

Landsat survey, geochemical surveys, VLF geophysical surveys,
ground radiometric and radon*
surveys

1,925,000

11,207,000

20, 000

120, 000

1,575, 000

9,322, 000

Total Cost
Present USS

665,000

9,282,000

7 ,000

100, 000

3. Pre-Ordovician Schists

560 ,000

7,747, 000

4. Continental Sandstones

12 ,000

166, 000

Geological studies, radon*surveys

40, 000

206, 000

5. Tertiary Basins of the
Northern Area

20,000

276,000

VLF geophysical surveys, Geochemical surveys, Radon*surveys,
Geological and radiometric
surveys

260,000

536,000

Geological and ground radiometric
surveys

120 ,000

148, 000

All survey methods used as
appropriate

250 ,000

941,000

2. Episyenites

6. Alkaline Complexes
7. Other Areas

IV)

1. Intergranitic Vein-Type
Deposits

Drilling
Metres

000

28, 000

50, 000

691, 000

8. General Programmes

TOTALS

Geological studies
Geochemical and radon*surveys;
ground radiometrics and VLF
geophysical surveys

I

(a) Airborne gamma-ray spectrometer survey of south-east/central
area by fixed wing aircraft**
2,000,000
(b) Helicopter gamma-ray spectrometer survey of Geres and
other northern areas
500,000
1,316,000

18,290,000

* Together with helium surveys in some areas
** Part of this survey may be performed using carborne equipment

00

6,690,000

2,000,000

500,000
24,980,000
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The summary of the exploration proposals made by the
IUREP mission, is shown in Table 2.
It should be made clear
that this is a short-term programme aimed at improving the
assessment of the Speculative Resources and not at proving
Reasonably Assured Resources.
This programme can be compared
with the programmes proposed by ENU and the D.G.G.M. for the
period 1980-1985 (Table 3).
TABLE 3
Comparison of IUREP and National Financial
Proposals for Exploration Programmes
Millions U.S. Dollars
Drilling

Other Surveys

Total

IUREP Short Term

18.29

6.69

24.98

ENU + D.G.G.M.
6 year programme

2.30

4.30

6.60

15.99

2.39

18.38

Difference

In effect the IUREP mission endorses the proposed national
programme but suggests some modifications in regard to techniques
and methods employed; suggests that drilling be increased by a
factor of nearly eight; and suggests that an aerial survey be
added to the programme.
It is estimated that, in the longer term, an additional
$100 million dollars will be required to move the Speculative
Resources into the Reasonably Assured Resources category. This
should be compared with the $20 million that is estimated to be
available to the ENU and D.G.G.M. for uranium exploration activities in the period 1985-1995.
POLICY OPTIONS FOR THE IMPLEMENTATION
OF THE RECOMMENDATIONS
The IUREP mission believes that there is a difference of
approximately 18 million U.S. Dollars between the present
national planned expenditure and what the mission estimates
would, in the short-term, be an adequate exploration programme
to examine Portugal's Speculative Resources.
To try to meet this shortfall, and to carry out the
actual physical programme of exploration, the Government has
a number of options.
(a) Exclusive National Development which will require the
presently proposed effort to be increased by 400% and
a commitment of 1200 million Escudos (24 million U.S.
dollars) in the short term.
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Technical Assistance
It is basically unlikely that aid from any one of the
international organisations (UNDP/UN or IAEA, UN
Revolving Fund for Mineral Resources, World Bank, IMF,
CEC) could fully satisfy the requirement. Divided
project areas between these organisations is a possibility.
(c) National and/or Foreign Commercial Participation in
Exploration and Development
It is questionable whether high risk exploration
programmes should be funded from Government exchequer
sources. It is recommended that serious consideration
be given to the generation of risk capital through the
private sector.
It is the opinion of the IUREP Orientation Phase Mission
that the considerable funding required for the outlined programme might most suitable be realized by inviting national or
foreign commercial organisations to participate in the exploration effort under a partnership or shared production
arrangement.
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Those wishing to consult the full report on which this
summary is based should write to one of the following:-

V. Ziegler
DgMN
Commissariat a l'Energie Atomique
31-33 rue de la Federation
Paris I6eme, France

U.S. Department of EnergyGrand Junction Office
P.O. Box 2567
Grand Junction
Colorado 81502, U.S.A.

The Library
Bundesanstalt fUr Geowissenschaften und Rohstoffe
Stilleweg 2
D3000 Hannover 51, F.R.G.

U.S. Geological Survey
Denver Federal Center
P.O. Box 25046
Denver
Colorado 80225, U.S.A.

M. Zaccaria
AGIP Esum
S. Donato Milanese
Milano, Italy

U.S. Geological Survey
National Center
Reston, Virginia 22092
U.S.A.

Power Reactor and Nuclear Fuel
Development Corporation
Sankaido Building
9-13, 1-chome, Akasaka
Minato-ku, Tokyo 107, Japan.

Mr. R.N. Aitken
Commission of European
Communities
200 rue de la Loi
B-1040 Brussels, Belgium

The Library
N.V. Kema
Utrechtseweg 310
P.O. Box 9035
6800 Et Arnhem
The Netherlands

International Atomic Energy
Agency
P.O. Box 100
A-1400 Vienna
Austria

Department of Nuclear Energy
Av. da Republica, 45 - 5°Dt°
1000 Lisboa
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Nuclear Energy Agency
38 Boulevard Suchet
Paris 75016
France

U.S. Geological Survey
345 Middlefield Road
Menlo Park
California 94025, U.S.A.

