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1. INTRODUCTION

Argentina is a predominantly lowland area of 2,789,240 square kilo-
The capital is Buenos Aires. The entire length of Argentina is

bordered on the west by the Andes Mountains. Tile Northwest Andes - Piedmont
region consists of deep valleys containing salt basins and volcanoes, and is
an earthquake zone. Patagonia, in the south, is essentially an arid region
of windy plateaus and valleys. The southern Andes are narrower and lower
than the northern Andes and in the extreme south contain glaciers and ice
fields. The east-central plain (Pampa) of Argentina has dry and humid sectors
and contains most of the population. The largest rivers are chiefly in the
northeast, many having only seasonal flow. The generally poor drainage in
Argentina, except in the Northwest Andes - Piedmont region, causes formation
of many seasonal swamps throughout the country and permanent swamps in the
northeast.

(b) Climate

The climate of Argentina is generally temperate with extremely high
temperatures in the north (37.8°C) and low temperatures in the south (nearly
~18°C). Parts of the northeast and the Pampa are subject to very humid
conditions. The northeast is also subject to occasional violent windstorms
and moderate to heavy rainfall. Rainfall is largely inadequate in the rest
of the country.

(c) Access

Argentina has an extensive and basically good transportation system,
although there are some problems of coordination between the different
systems. Roads are limited in rural areas and provide only partial connection
between provincial cities. There are over 453,738 km of roadway much of which
is unimproved and in rural areas chiefly passable only in dry weather. There
are approximately 43,443 km of railroad track of four different gauges. Plans
are being developed to rehabilitate the rail system in the future. Of the
more than 200 airports and landing fields, 22 provide international service.
The largest airfield is Ezeiza, south of Buenos Aires. Argentina has 10,940 km
of navigable inland waterways. The principal rivers are the Parana1, Rio de la
Plata, and Uruguay. Silting of channels presents a problem in navigation.

(d) Other

Argentina claims the Falkland Islands (also claimed by the United
Kingdom), an area of 11,950 square kilometers, and a section of Antarctica,
1,235,430 square kilometers. Adding these two claims to the country's
territory gives a total of 4,036,620 square kilometers.
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2. GEOLOGY IN RELATION TO POTENTIALLY FAVORABLE
URANIUM-BEARING AREAS "'

Precambrian

The Frecambrian rocks of northern and central Argentina are probably
of Prpterpzaic age. In Salt a and Jujuy these rocks consist of highly folded
phyllites grid meta-graywackes devoid of intrusions. Metaraorphism is more
pronounced in southern Salta and Tucuman, and small intrusions become numerous.
Injection gneisses.and pegmatites make up most oi' the central ranges of
Cataciarca, La Rioja, C6rdoba, and San Luis. : .

The Precambrian is intruded by a vast granitic batholith, exposed in
many of the isolated ranges, but otherwise concealed beneath the Cenozoic
cover. Swarms of pegmatites invade both the granite and the metamorphics,
particularly in the mountains of C6rdoba and San,Luis, San Juan, and La
Rioja. While some of these pegmatites are extensive, uranium distribution.
is apparently sporadic and scattered. Thus, not much uranium production
has • come from these rocks. ......

C a m b r i a n • • • . . . .

Cambrian deposits are found in several areas of Argentina. Fossiliferous
limestones are known viest of the cities of San Juan and Mendoza while unfos- !

siliferous beds occur in the eastern Cordilleras in the northern part of the
country. Bright colored sandstones and shales are also known.

Ordovlcian

Ordovician rocks overlie Cambrian rocks with a marked unconformity.
They attain great thickness and regional extent. The rocks range from
fpssillferous black shales to light grey to green shales. Bluish-grey
limestones and marls are developed locally. ......

S i l u r i a n >; . -• . j ' • . ' /

In the few areas where Silurian rocks have been mapped separately, as
in northern Argentina, they consist of fine-grained, micaceous, light yellowish-
brown sandstones with some shaly sandstone intercalations. In the Precordillera,
the Silurian consists of dark greenish-grey shales and hard massive sandstone
beds. In the hills south of Buenos Aires, the Silurian is 11,000 meters thick
and consists of a series of conglomerates grading upward into light colored
quartzites containing a few phyllitic beds near the top.

Devonian , ,

Devonian beds are exposed in the sub-Andean Ranges of Salta and Jujuy,
in the Precordillera of western Argentina, in the southern hills of Buenos
Aires and in the Falkland Islands. Most of the Devonian sediments are a
series of greenish-̂ grey shaly sandstones and shales. In the Falkland Islands,
the Devonian series consists of sandstones unconformably resting on the
Precambrian of Cape Meredith.



Along the weal.ern border of the Precordillera. :in western Ardent inn,
Minsisaippian beds arc o-xtf-uaively developed where they crop out in several
areas between La Rioja and Neuquen. The beds are mainly marine facics of
green an;' b.lu'» shalss with intercalated dark greenish graywackes and thick
layers of glacial conglomerates. Along the eastern border of the Precordil-
lera, the facies eve dominantly continental with miner brackish-water and
marine intercalations. In the Fainatina Range the Mississippian begins with
about 180 meters of rhyodacites. and a series of continental beds. The bulk
of the sequence is an irregular succession of red, yellow, green", blue and
grey sandstones> conglomerates, ailtstones, and shales. Thin lenticular
coal beds are present in. several levels.

P&nnsylvanian

Pexinsylvan ian beds are exposed in the northern hills of Buenos Aires
and in western Chubut, in addition to being exposed in the same areas as
the Mississippian. beds. In the western Precordillera, Pennsylvauian sediments
consist of conglomerates and feldspathic sandstones with siltstone intercala-
tions grading upward into bright-green and blue shales overlain by thickly
bedded, yellowish-white sandstones. More or less the same series is present
in Sierra Pintada of Mendoza, in the Cordillera del Viento of Neuquen and in
Sierra de Tepcul of western Chubut.

In the Pampean Ranges the Pennsylvania)! beds are exclusively continental
and conformably overlie the Mississippian sequence.

Permian

Permian beds crop out in the sub-Andean Ranges of Salta and Jujuy; in
the Pampean Ranges of La Rioja, San Juan and San Luis; in the Precordillera;
in the southern hills of Buenos Aires and in the Falkland Islands.

The Permian in the sub-Andean Ranges consists of a series of tillites
with intercalated sandstones, shales, and varved shales that rests unconform-
ably on lower Devonian strata.

The Permian in the Pampean Ranges of northern La Rioja consists of pink
or whitish conglomerate. Most of the formation is a monotonous series of
thickly-bedded, massive, brick-red sandstones interspersed with red shales.

In the Precordillera, Permian beds are exposed between Santa Clara and
Villa Vicencio. The sequence consists of reddish conglomerates overlain by
dark grey to black shales, grey shaly sandstones, and glacial conglomerates.
Rhyolitic flows and tuff are intercalated at many levels.

There is some opinion that the Permian of Argentina can be correlated
with that of Uruguay, Paraguay, and Brazil. The Figueira uranium deposit
of Brazil is found in the Rio Bonito Formation which is middle Permian.

Triassic

The Triassic beds of Argentina are mainly contineatal and are considerably
developed in the sub-Andean Ranges, in the eastern Cordilleras, in the western
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Paraponn Ranges, in the. Procordillera and in Corr5.fintes. Triassic deposits
of uarine origin are known in the sub-Andenn Ranges and in the eastern
Cordillera. Triasaic vulcanites are extensively developed in the Principal
Cordillera and in the Precordillera of western Argentina, iu the Famatiua
Ranges and in Mir;iones.

In the sub-Ander.n Ranges and eastern. Cordillera the Triassic consists
of a series of red and violet-red sandstones with thick congloracirate inter-
beds and intercalated basalt flows. -.••;.

The lower Triassic in Cataraarca is a succession of dark red to grey
sandy ..hales, red sandbto?es, red clay/shales, tnffaceous sandstones, and
'. .,-»colored ash beds. Thick flows and sills of basalt are frequent in the
.;,.•».;.••.. p a r t .

In northeastern Argentina the upper Triassic is represented by the
Botucatu sandstones and the Serra Geral Basalt of the Paran;1? basin. The
Botucatu sandstones are red, massive, and many display eolian cross-bedding.

Jurassic

Jurassic rocks are known only in western and southern Argentina. The
main exposures are those of southwestern San Juanj western Mendoza, and
Neuquen. The rocks range from grey, marly, bituminous shales with siltstones,
sandstones, and 'limestones to a tuffaceous and conglomeratic sequence.

In central Ncuqudn and Mendoza the upper Jurassic is formed of reddish
and green sandstones with conglomerates and tuffs. Toward the Chilean border
it grades into a thick series of andesitic conglomerates and flows with inter-
calations of tuffaceous sandstones.

Cretaceous ' .•••,•

Cretaceous formations crop out in the same areas as Jurassic rocks in
Mendoza and Neuquen, as well as in central and southwestern Chubut, southern
Santa Cruz, Tierra del Fuego, and south of Parallel 43° in the Patagonian
Cordillera.

:. • :• • -In Mendoza and Neuque"n, the upper Cretaceous is formed of blue-grey to
black, fissile, marly limestones, marls, and marly shales with thin inter-
calations of massive shaly limestones. In the Patagonian area, the Cretaceous
consists mainly of dark grey-blue shales with minor interbeds of fine-grained
sandstones and tuffaceous sandstones at the base, grading into rhyolitic and
andesitic tuffs and flows of the Upper Cretaceous. Toward Chile the volcanic
materials increase rapidly and the sequence grades laterally into a thick
succession of andesitic flows and tuffs. These rocks are intruded by huge
granodi.oritic batholiths of middle upper Cretaceous age.

In northern Argentina the upper Cretaceous consists of a thick group
of continental shales, marls, and sandstones. Toward the south the sequence
becomes sandy and contains intercalations of bituminous shales.



Tertiary

Tertiary sediments gnd vulcanites ranging from Eocene to late Pliocene
in age are widespread in Argentina. Tho oldest Tertiary deposits arc the
Eocene to lower Oligocene continental bods along the San Jorge Culf. They
consist of bright, colored shales, sandstones, conglomerate", aiul tuffs. In
western Rio Negro and southern Mendosa, the Eocene - lower Oligocene is a
continental sequence that is represented by the Chichinoles Formats.n.

In the Magellean basin the continental beda are replaced by s. thick
sequence of marine sediments ranging from roiddle (?) Eocene to middle Oligocesu-..
The upper part contains plant remains and lignite scams. The middle to upper
Oligocene strata along the coast of Chubut and Santa Cruz consist of greyish
r :.st:ones alternating with bontonitic clay/shales. In western Santa Cruz

western Chubut the formation contains abundant plant remains and lignite
.".euros •

In western, northwestern, and northern Argentina, the upper Miocene and
Plioce.ne deposits consist of continental sandstones, shales, and interbedded
conglomerates.

Pliocene strata in eastern Rio Negro and southern Buenos Aires are a series
of marine calcareous sandstones and conglomerates which grade upward into
continental, cross-laminated, grey sandstones, alternating with tuffites.

Tertiary volcanism is widespread in the Cordilleran region, particularly
in Miocene and Pliocene time.

3. PAST EXPLORATION

There has been extensive surface and subsurface exploration for uranium
in Argentina for over 20 years. Although most of the work has been performed
by the CNEA, advisors from the U.S. and from the IAEA have also taken part.
Private industry has been involved, but apparently only on a small scale.

Up to the end of 1969, 250,000 square kilometers had been explored, mainly
by rapid aerial prospecting (210,000 square kilometers). From 1968 on, detailed
aerial prospecting based on a 250-meter grid was undertaken. The application of
this system over 5,500 square kilometers enabled a reassessment to be made of
some areas which had previously shown unfavorable results with rapid aerial
prospecting. This led to the discovery of the new Sierra Pintada district in
San Rafael (Mendoza Province), which is expected within a short period to
become of major economic value to Argentina. Drilling in the Sierra Pintada
district was interrupted some years ago for budgetary reasons but has now been
resumed.

In the OECD report of 1973, the CNEA stated that the regular aerial pros-
pecting programs had been continued and a new uranium-bearing district (Sierra
de Pichinan) had been discovered in the Chubut Province. This district is
situated 30 kilometers to the west-northwest of the district known as "Los Adobes"
and is considered to be of moderate interest.



Exploration work in the district of SJc.rra de CowechlttRcnes (San Luis
Province) vas suspended Dearly ten years ago, but wag resumed in 1571 ar;cl
c-:••; trinued in 1972. The importance of this arcs, which originally oeattcd
v • . Jtphtj fas. increased on the'basis of evidence for the continuity of

deposits located in tectonicnlly disturbed areas Within Paleozoic

Prospecting vns extended into areas of granite exhibiting structural
similarities to the uranivta-bearing areas.

Drilling in Argentina in the 1970*s was as follows:

1970

1971

1972

1973

1974

1975

tan

11,200

23,000

17,600

8,800

13,700

37,200

URANIUM OCCURRENCES AND RESOURCES4.

Reserves of uranium are located in several areas of Argentina with the
greatest concentration being in Mendoza Province, f S^c c<7v**wkwY\i

(Source - CNEA 1973)

Region

Northern (Salta)

Western (Sierra

Pintada and Malargue)

Central (C6rdoba)

Patagonia (Chubut)
TOTAL

Reserves

(OECD - Dec. 1975)

Tons U-*Oa

9,700

14,100

9

3

36

27

,100

,900

,800

,000

Current

60

50

Production
Tons U3O3

Planned

40

60

650

60
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The $30 per lb. U-,0R potential by region was given in a CJJEA release in
1973 as: J 6

Tons U3O3

Northern (Salta) 13,000

Western (Sierra Pintada) 15,800

Central (Cordoba) 15,100

Patagonia (Chubut) 8,000

TOTAL 51,900

Deposit? in Sedimentary Rocks

Cretaceous and Permian sediments in Mendosa Province have the largest
deposits in the country and vill account for most of the production. Permian
sandstones in the Sierra Pintada area contain about a dozen deposits 2 to 12
meters thick averaging 0.10 to 0.15 percent U3Og. Production from Sierra
Pintada was to start in 1977 at 600 tons UjOg per year over a period of 15
years. Small deposits in Cretaceous sandstone at Malargiie are 1 to 2 meters
thick with ore grade of about 0.20 percent U3Og. These were mined to support
a small mill (50-ton I^Og/year) .

Uranium occurs in several horizons in Cretaceous sandstone in Salta
Province. The deposits are being mined, and prior to 1970 ore piles were
heap leached to recover the uranium. Uranium is now recovered in a 60-ton
U,Og per year-capacity plant using ion exchange.

In C6rdoba Province 0.08 to 0.10 percent UoOg uranium ore is found in
sandstone in a belt 24 km long. No production is currently projected.

In Patagonia there is renewed interest in the uranium in Cretaceous
sandstone and conglomerate in the Rio Chubut district northwest of Los Adobes.
According to Nucleonics Week 4/21/77, a 60-ton UjOg per year mill is nearing
completion; an 0ECD report suggests tiiis may be a heap leaching operation.

The deposits at Malarglie are found within a large area about 25 miles
southwest of the city and are similar to the uranium and copper deposits of
the Colorado Plateau in the U.S.A. Similar deposits occur about 12 miles
southwest of Tinogasta. In the Malargue district, uranium mineralization
is localized in conglomerate, conglomeratic sandstone, and fine-grained
sandstone of Upper Cretaceous age. The uranium is associated with asphaltic
material. Carnotite and other uranyl minerals as well as secondary and
primary copper minerals make up the ore.

Important deposits of this type are Eva Peron, Agua Botada, Cerro Mirano,
and Patupa Amarilla. Other occurrences are La Poma, Don Otto, Martin M.
deGuemes, and Los Bethos. Deposits of this type are also found in contin-
ental lutites of the Tinogasta district; in sands in Permo-Carboniferous continenta
sediments at Guandacol-Jachal in La Rioja and San Juan Provinces; in Eocene
sedimentary sequences with continental facies in the Cosquin district in
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C6rdoba Province; in Jurassic sediments at Chos Mtelal in Neuque'n
Province.; in small lenses in Upper Cretaceous continental sands in
the Cbihuidos district in Neuque'n Province; in Jurassic, Cretaceous,
and Tertiary formations made- up of porphyries, - tuff aceous-'sands,
conglomerates, and 3utit.es in Chubut. In Saltona mineral province in Salta
and Jujuy Provinces uranium mineralization ie found in arenaceous sediments
of middle to upper Cretaceous and upper Pliocene to upper Quaternary age.
Mineralization in the Cretaceous is controlled by the carbonaceous material
in the continental sediments and also occurs in psaronites and pelites of
marginal marine facies.

Sedimentary type deposits are found in Eocene continental sediments
in the Valle de Punilla in C6rdoba. Carnotite and autunite are found in
continental Triassic sedlnonts, i.e., lutites, sands, and conglomerates,
in a large area in Tinogasta. In the Precordillera of San Juan and La Rioja
(Guandac6l*-Jachol district), there is a wide zone of carbonaceous continental
sediments containing numerous uranium occurrences, such as in the deposits
of Soma, La Iferthita, and La Cuesta.

The Chihuidos district contains numerous deposits similar to those found
In carbonaceous sands in the Malargiie district. In the Chos Malal district,
about 60 miles northwest of the Chihuidos district, uranium is associated
with Kimeridgian sediments composed of sands and conglomerates with lutites
and tuffaceous intercalations containing carbonaceous material.

In the Patagonia district, uranium occurrences are also localized in
sediments with organic matter.

Pegmatites

Uranium is found in pegmatites in the upper part of the Sierra de
Comechingones, C6rdoba. Due to sporadic and scattered distribution of
uranium minerals, uranium production from pegmatites is insignificant, and
reserves have been estimated at only about 50 tons U3Og.

Hydrothermal deposits

Hydrothermal uranium deposits are found in crystalline schists, meta-
morphosed slates, argillaceous or arenaceous sediments, and eruptive rocks,
especially along the contacts of these rocks. Deposits are found in the
Comechingones district of Cdrdoba and San Luis; at Sanogasta in La Rioja;
and in the San Isidro district of Mendoza. The deposits in the Comechingones
district are in thick stockworks of fluorite and uranium in granite porphyry.
Reserves amount to 115 tons t^Og. The uranium deposits in Safiogasta are
chiefly in stockworks in Paleozoic raetamorphic rocks. Copper is also present.
Deposits also occur in the Precambrian metasediments. Ore reserves have been
estimated at 450 tons U3O3, with additional potential of 950 tons l^Og. In
the San Isidro district mineralization occurs in brecciated fractures in
Triassic sediments.
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Urat»iun-thorium depos-' <;s

Deposits in the Jujena mineral province in Jujuy and Salta Provinces
consist of thorium and uranium EdLneralization, with thor?um predominating.
These are found chiefly as fracture fillings iv: Precaiabrian or Cambrian
metamorphics and plutons, and as fault fillings In lower Ordovician
quartaites.

5 • PRESENT STATUS OF EXPLORATION

In 1973 it was decided to undertake a determination of the country's
probable total uranium reserves. Of the area in which uranium mineralization
may occur (900,000 square kilometers), only about one-tenth had been explored
to date. Plans were to have been drawn up to permit the completion of
general prospecting within a period of 10-12 years. (OECD 1973)

In 1977 it was announced that exploration for uranium ore is being expanded.
Plans, call for drilling on a 100,000 square kilometer zone in Patagonia; and
another 300,000 square kilometer tract is under study for exploration in the
near future. Drilling is underway in Cerre Condor and in the Paso de Indios
zone in Chubut. Chubut, according to reports, is particularly promising
because of its existing reserves.

Except within 5 kilometers of Argentina's borders, preliminary prospecting
for nuclear minerals is subject only to the general mining code, but this
does not include drilling or any significant removal of earth. Exploration
permits and mining concessions are needed for more detailed exploration,
development, or exploitation. The State disposes of ores and concentrates
of nuclear minerals through the Argentine Atomic Energy Commission (CNEA).
The CNEA may forbid exploration or exploitation in certain reserve zones,
and under some conditions mines can be expropriated. Permits and concessions
to explore for or exploit certain strategic minerals in Mendoza and Neuqufin
Provinces, near the Chilean frontier, require approval by the War Secretary.

6. AREAS FAVORABLE FOR URANIUM MINERALIZATION AND POTENTIAL FOR NEW
DISCOVERY

In the OECD report of 1970, it was stated that 400,000 square kilometers
of Argentina appear very favorable for uranium while an additional 900,000
square kilometers offer fair possibilities.

Uranium exploration to date suggests that sandstones of Permian and
Cretaceous ages exposed in Western Argentina in the Cordillera are very
promising for discovery of new deposits. Past CNEA estimates have indicated
that there is considerable hope for new discoveries in those areas where
reserves arc now known.

In addition to the known uraniferous provinces which are indeed favorable
for further exploration, there are several other large areas that warrant
attention. There are, for example, in the Santa Cruz area of about 15,500
square kilometers Cretaceous and Tertiary sediments with favorable facies for
uranium deposition. In the Patagonia Cordillera, Jurassic, Cretaceous, and
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Tertiary sediments are of interest for prospecting, These rocks contain
carbonaceous material and have been intruded by.acidic'rocks. The High
Cordiilera, an area of 200,000 square kilometers in nortliwestern Argentina
contains sedimentary, metamorphic, and igneous rocks that could be favorable
although the difficult topography is a restrictive influence.

The Pampc-a Sierras, covering an area of 130,000 square kilometers .
in the Precambvion massif has been only slightly prospected and then in
only a few areas. This region contains Precambrian gneisses, granites,
diorites, and pegmatites, the latter frequently being uraniferous.

The Puna and Ptepuna areas cover some 100,000 square kilometers in the
Provinces of Salta'aiid Jujiiy. The areas contain Preesmbrian schists,
lutites, and granites} Paleozoic quartzites, sands, and schists; and Kesozoie
nands. There are known uraniferous pegmatites in the Cachi Cranite, uraaif-

mu; veins in the Sierra de Rangel, Mesozoic sediments with uranium in
-a La Poma-San Carlos district," anil Quaternary travertines with yellow

uranium minerals in Tolar Grande.

Over 50 percent of the. country, almost exclusively the western part,
has the possibility of being uraniferous.

The distribution of uranium mineralization in various sediments and
other rock types over large areas of Argentina is suggestive of widespread
favorability for uranium-ore formation. Inasmuch as uranium reserves plus
potential are already estimated at close to 80,000 tons U.Og, and exploration
has not been exhaustively conducted, ultimate resource potential might
realistically be expected to fall in the 100,000 to SOO/Ofo ton u^Og range.
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