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Abstract

The objectives of the CNEA are in the process of transformation in accordance with political and economical
changes occurring in the country. Hence, in the future the uranium exploration activities of CNEA would tend to
improve the knowledge of geology and uranium favourability; to perform prospection tasks, and research and
development in exploration technologies, to contribute to be in a position to meet the requirements of the country in
the long term. On the other hand, a strong growth of nuclear capacity is expected in the first two decades of the next
century. Based on its promising grade, the Cerro Solo uranium ore deposit was selected in 1990 by the CNEA to
carry out an assessment project. The intensive exploration level was accomplished, as follows: definition of general
characteristics of the main orebodies; detailed geologic studies; estimation of resources with adequate data; and
preliminary selection of mining-milling methods to estimate the potential profitability of the project. The deposit
belongs to the sandstone type. The mineralized layers are distributed into the fluvial sandstones and conglomerates
of the cretaceous Chubut Group, lying 50 to 130 m deep. Resources of the deposit, with an average grade of 0.3%U,
in tonnes of recoverable uranium at costs of up to $80/kg U, are: Reasonable Assured Resources (RAR): 800 t U,
Estimated Additional Resources, Category I (EAR-I): 21001U. Follow-up drilling programmes are being performed
at present in some of the target sites defined in the paleochannel that hosts the Cerro Solo deposit, in order to
establish the hypothetical resources of the area. The sites were determined as a result of the exploration that CNEA
conducted in the Pichiflan uranium district. Recently, a regional research project was formulated, the goal of which
is to contribute to selecting targets for detailed exploration in the San Jorge Gulf Basin, where the Chubut Group is
distributed. Besides, the objective of the project is to improve the results of the studies that CNEA is executing in
different regions of the basin, which is considered highly favourable for uranium, by making an integral analysis of
the information and planning.

1. INTRODUCTION

The goals of the Comision Nacional de Energia At6mica of Argentina (CNEA — National
Atomic Energy Commission) and the scopes of the uranium exploration activities that it perform, are
in the process of transformation in accordance with political and economical changes that are taking
place in the country. An important milestone was the recent decision of the government to change the
structure of the CNEA, in order to privatize the activities belonging to the production stage of the
nuclear system, and to assign research and development activities in the nuclear field to the CNEA.

As the fuel cycle activities are involved in this new context, it is predictable that in the future,
the start or continuity of uranium mining operations will depend upon more stringent economical
conditions. This will be established by the commercial arrangements with the companies owning the
nuclear power and fuel cycle plants. Competition with foreign sources of uranium will be of major
importance in the development of such operations.

At present, the total nuclear installed capacity of 940 MW divided in two plants, is not
expected to increase until the end of the decade, because of delays in the construction of the Atucha
II plant. Besides, the competition of more profitable sources of energy in the short term, would
postpone commitment of additional nuclear power plants. This indicates that the increase of uranium
requirements curve will diminish in the short term [1].

However, a strong growth of nuclear capacity is expected in the first two decades of the next
century. Hence, in the future the uranium exploration activities of CNEA would tend to improve the
knowledge of geology and uranium favourability; to perform prospection tasks, and research and
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development in exploration technologies, to contribute to be in a position to meet the requirements
of the country in the long term.

2. SITUATION OF THE CERRO SOLO PROJECT

In 1990 the CNEA started performing an assessment project in the Cerro Solo uranium ore
deposit, based on their promising grade that may allow production in competitive conditions in the
country. Two stages of the project have been completed: the first, exploration to delineate the main
orebodies, and the second, geologic setting research and economic studies at the order-of-magnitude
level. Then, the intensive exploration level was accomplished, as follows: definition of general
characteristics of the main orebodies; detailed geologic studies based on drillhole samples and
geophysical logging; estimation of resources with adequate data; and preliminary selection of mining-
milling methods to evaluate the potential profitability of the project. At present, the third and final
stage is being carried out, the goal of which is the detailed delineation of selected orebodies, and to
carry out prefeasibility studies.

Conventional mining methods are being considered to make estimations about profitability of
the project. On the other hand, the unfavourable permeability conditions existing in the main sectors
of the deposit do not allow applying the in situ leaching technology, that is anyway taken into account
in the studies about other targets in the region. Then, characteristics that seem to be favourable to
applying this technology will be analysed in some areas; for instance, the Arroyo Perdido, Sierra
Cuadrada and El Mirasol prospects, that show geologic indications of good permeability in the host
layers, to trying to execute a pilot test. Besides, the attention has been focused on the borehole mining
technology that may be an alternative in this case, taking into account that it was tested in deposits
of this type.

With regard to the environmental aspects of a possible production stage, a systematic
programme of studies in this field was initiated, with the participation of the group in charge of the
waste management issues in the CNEA, and local institutions [2].

In the next two years it is expected to drill additional 20,000 m in the area. By that time it
is expected to reach the general objectives of the project, which means to complete the development
prior to the production stage of the deposit. This includes the following items:

completion of the makeup of a comprehensible geological model of the deposit, to be
extrapolated to the regional exploration,

definition and application of resource estimation methods to establish a reliable categorization
of the uranium resources,

analysis of the potential profitability of the project with accuracy that can allow to make
decisions about the production stage,

survey the environmental baseline of the area, at a general level,

research of the feasibility to use special technology, with emphasis on in situ leaching,

expeditious exploration of the geological influence area of the Cerro Solo deposit, to estimate
its hypothetical resources in a reliable way.
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3. COMMENTS ABOUT GEOLOGICAL SETTING OF MINERALIZATION

Some reports have been issued that describe the geological characteristics of the deposits
located in the Cerro Solo area [3, 4]. In the present report only some aspects of this matter related
to the mineralization model will be mentioned.

The fluvial stratigraphic unit belonging to the cretaceous Chubut Group that hosts the
mineralization reach up to 150 m thick in the Cerro Solo area. Conglomerates and sandstones
corresponding to defined facies of the sedimentary environment [5] are predominant in the lithology
of the high energy, braided type paleochannel.

It has been established that mineralization is related predominantly to the following features
of the paleochannel section:

sediments characteristic of reduced environment, gray or green color,

quick alternation between different lithologic classes (as described by Marveggio [6]).
Mineralized layers, up to 10 m thick, are made up of alternating thin sandstone and
conglomeratic beds, that contrast with more lithologically homogeneous overlapping and
underlying layers.

In Fig. 1 a typical drillhole log shows the close association between mineralization, organic
material and sulfides; and the apparent increasing content of cement towards the mineralized layer.
In the last column, the variations of maximum diameter of grain size indicates the lithologic
characteristic of the orebodies mentioned above.

The grade, that averages 0.3 % U in the orebodies identified in the main sectors of the deposit,
is frequently higher than 2% U values in the sandstone layers interbedded.

Diagenes seems to have played an important role in preserving the mineralization, as it is
indicated by the typical presence of abundant carbonatic cement in the mineralized layers, apart from
organic material and sulfides that give them a distinctive hard feature comparing with more friable
parts of the sections in the area.

Apparently, there are paleo-geomorphological aspects that play an important role in the
mineralization process, which is indicated by the location of the higher grade layers in certain
positions with regard to the border or the talweg of the paleochannel, depending on the stratigraphic
level.

Typically, mineralization occurs in immature sandstone-size sediments, that may occasionally
be the matrix of conglomerates, which are made up in the clastic fraction mainly by lithic fragments
(ryolites, ignimbrites, and acid tuffs, and less frequent andesites, silica and granites-granodiorites),
quartz and feldspars. There are abundant clays (predominantly montmorillonite) and calcite in the
matrix. Uranium minerals are associated with disseminated "clastic" organic material, and sulfides
[4]. In order of abundance they occur as coffinite, uraninite and undetermined uranium minerals
linked with organic material [7].

The predominant tectonic system affecting the region follows the NW direction, and divides
the deposit in three main blocks [8]. It is possible that the tectonic system have been important in the
preservation or leaching, depending of the position of mineralization.
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FIG. 1. Cerro Solo drillhole log.
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5. THE RESOURCES SITUATION

Resources of the deposit were established by using conventional estimation methods, which
were applied with data obtained in about 300 drillholes, in the 90 hectares area corresponding to the
main sectors. With regard to the 320 hectares that include all of the Cerro Solo area, the studies have
been based on 60 000 metres of drillholes, of which 36 000 m correspond to the Cerro Solo Project
and the rest to previous programmes.

However, geostatistics was applied in the sector named C, what made an interesting
contribution to the knowledge about characteristics and distribution of the mineralization. This was
the first application of a software recently incorporated as a resource estimation tool by CNEA, with
successful results, with IAEA technical assistance [9].

The situation of uranium resources in the Cerro Solo area is shown in the following table. The
reference date is January, 1995. Most of the resources belong to the main sectors of the Cerro Solo
deposit. The resources are expressed in tonnes of uranium as recoverable quantities, this means, the
mining and ore processing estimating losses were deducted.

REASONABLE ASSURED
RAR

Cost Ranges

< $80/kg U <

800

RESOURCES

: $130/kg U

1 250

ESTIMATED ADDITIONAL RESOURCES
Category I - EAR-I

Cost Ranges

< $80/kg U < $130/kg U

2 100 3 250

6. POSSIBILITIES OF INCREASING RESOURCES IN THE EASTERN SLOPE OF THE
PICHINAN RIDGE

In the Pichinan Ridge region, located 420 km West of Trelew, the host fluvial sediments were
explored in an area which is limited by the Chubut River to the west and the Arroyo Perdido to the
east, about 40 km east to west and 8-10 km north to south. In the western slope, where the
paleochannel turns to south, small deposits were found. However, the eastern slope, where the deposit
described in this report is located, shows a distinctive pattern of lithology, diagenetic and
mineralization processes, that resulted in more favourable conditions [10, 11]. It was proposed that
the eastern part of the paleochannel it is a different fluvial cycle, younger than the western part [5].

Data obtained in exploration drillholes indicate the presence of mineralization, and promising
geologic characteristics, in different sectors within an area of about 180 km2. All this taking into
account the Cerro Solo model. The favourable area is about 60% of the total, i.e. 110 km2.

Fig. 2 shows a schematic map of the deposition limits of the fluvial sediments, the location
of the Cerro Solo and these favourable sectors, which it is expected will increase the resources, by
carrying out drilling exploration programmes, based on the metallogenic and paleo-geomorphological
pattern defined in the Cerro Solo deposit.

7. IDEAS ABOUT URANIUM FAVOURABILITY AND EXPLORATION OF THE SAN
JORGE GULF BASIN

The Central Region of the San Jorge Gulf Basin was the objective of exploration tasks from
1959, which followed the anomalies discovered in the Chubut Group stratigraphic unit. This
intracratonic basin covers a surface of 170 000 sq. km (about 68 000 sq. miles). It is located between
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FIG. 2. Schematic map of the Cerro Solo deposit location and deposition limits of the fluvial
sediments.

the North-Patagonic and the Deseado Massifs, separated due to the deformation produced by the
continental drift. The basin has continuously subsided through normal faults, since the early Cretacic.
The deposition of the continental Chubut Group occurred in this period [12]. At the same time an
important volcanic activity took place in the region of the present Andean Orogenic Belt, which is
located some hundred kilometres to the west of the central area of the basin. The pyroclastic rocks
originated in this event were mentioned as uranium source in the region [13].

In wide areas of the basin, the cretaceous sedimentation began with high energy fluvial
conglomerates and sandstones (Los Adobes Formation), filling the lows of a paleorelief scoured over
the underlying paleozoic and mesozoic formations. The fluvial system was later covered by the
tuffaceous sediments transported from the west that represent perhaps 90% of the volume of the
cretaceous column (Cerro Barcino Formation). At the top it presents a second fluvial system
interbedded with tuffs and silstones (Puesto Manuel Arce Formation). The first two members
mentioned above reach an average depth of some hundred metres in some places. The third a
maximum of some tens of metres. See summary of cretacic stratigraphic units in Fig. 3.

In the decade of 1960 a number of anomalies and ore deposits were discovered in the basin.
This was a result of local aerial survey programmes (total gamma), carried out in the Chubut Group,
basically to cover the fluvial members in the base and at the top. Two of them, small deposits
belonging to the Los Adobes Formation, were mined in the decade of 1970.
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FIG. 3. Summary of cretacic stratigraphic units.

At that time, the exploration effort was concentrated in the Sierra de Pichinan District. Up
to the present, about 110 000 m of exploration drillholes have been carried out in the region, allowing
to find some deposits and favourable areas, as mentioned above. At the end of the 1980s, regional
geological mapping tasks were performed in the continuity to the south of the fluvial system [14].
Completing this program and a detailed analysis of the data is foreseen, trying to establish the location
of new areas that may have adequate conditions to extrapolate the Cerro Solo metallogenic model.

A 100 000 sq. km aerial radiometric survey performed in the basin, at the end of the decade
of 1970, allowed the detection of 2372 uranium anomalies [15]. An important number of this
anomalies was located in the medium and higher parts of the cretaceous stratigraphic unit.
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FIG. 4. Map showing the known and the inferred development of the two fluvial and tuffaceous
systems of the Chubut Group.

Mineralogical studies carried out in tuffs and tuffites of the Cerro Barcino Formation, indicate
that they liberated important quantities of uranium in the basin [5]. Part of it was transported through
the fluvial members (made up of volcanic material) interbedded in the Chubut Group, and precipitated
where conditions were adequate. However, tuff horizons hosting uranium mineralization were also
found. In this case, mineralization would be related to hydrothermal episodes occurred in the Tertiary
[5]. The wide distribution of the volcanic formation, and evidences of uranium mineralization and
mobilization, encourage to face research programmes on the different mineralization models which
are frequently related to this type of geologic environment.
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Uranium occurrences are known in the upper fluvial member (Puesto Manuel Arce Formation)
since the 1950s. In most of them exploration is in the reconnaissance phase. The Sierra Cuadrada
deposit was explored with a shallow drillhole programme in 1978 [16]. Favourable geological features
were observed in different areas where this formation outcrops, for instance, in the El Mirasol Norte
y El Mirasol Sur occurrences, and some possible metallogenic models that seem to be applicable,
were proposed.

Besides, in the east border of the basin, anomalies that correspond to carbonatic mineralization
in soils ("caliche"), evaporitic type, have been put in evidence. They are spread in great "spots" that
add up to about 100 sq. kilometers. Yet, some anomalies are lying in tertiary fluvial sedimentation
(Rio Chico Formation).

Fig. 4 represents a map that indicates the known and inferred development of the two fluvial
and the tuffaceous systems of the Chubut Group. It also shows the position of the main deposits and
group of anomalies. It is noted that the studies were concentrated on the central region of the Province
of Chubut.

Evaluations of uranium favourability of the different geological environments in Argentina,
have considered the San Jorge Gulf Basin in the higher level of priority. Such considerations are
based on the elements described above that have been reported in detail [17].

The authors consider that, at present, it is advisable to perform a detailed research programme
about the favourability of the basin, in order to contribute to its exploration. It is clear that it is
important to obtain data about the tuffaceous intermediate member and the upper fluvial member to
try obtain knowledge on the same level, about the features of the three members of the Chubut
Group. This will be done taking into account the geological characteristics and the presence of
deposits and anomalies in different areas. At the same time, it is convenient to improve knowledge
about the mineralization models in the corresponding geological environments.

Finally, it is recommended that, considering the information about the presence of favourable
lithology, attention be paid to the parts of the basin that were geologically recognized in an
expeditious way, or even not recognized and devoid of radiometric surveys.

The methodology proposed is as follows:

1) Recognition programme, Scale 1:500 000, in the regions with almost complete lack of the
information that it is needed to be included in the following step.

2) Geological survey programme, Scale 1:100 000, using satellite image technology. Regions
of the basin to perform this stage will be selected based on their geologic characteristics.

3) Systematic survey of stratigraphical sections and geological features of interest, in
representative localities, to make the necessary characterizations and correlations.

4) Definition of the models of mineralization present in the different stratigraphical units, making
the convenient research on the deposits selected as typical.

5) Global analysis of data, to define target sites for exploration and priorities.
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