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Abstract

In the years 1995 and 1996, additional 16,300 m of drilling was carried out in the Cerro Solo area, Province
of Chubut, Patagonia Region. This led to the improvement of the resource estimate of the main orebodies, in
tonnes of recoverable uranium at costs of up to $ 80/kg U to the following: reasonable assured resources: 2,2001
U; estimated additional resources (C.I): 900 t U. Additionally, the gathering of specific information gave
consideration to the possibility of recovering molybdenum as a byproduct, as well as allowing laboratory tests
that provided better understanding on the uranium teachability. Moreover, the derived the geological model will
help and facilitate the exploration of the Eastern Slope of the Sierra de Pichinân District, and the regional
research programmes in the San Jorge Gulf Basin as a whole. CNEA current priority in relation to the country's
uranium resources, is the adoption of a policy that will permit the offering of the final feasibility study of the
known orebodies and its exploitation to the private sectors.

1. INTRODUCTION

Information on recent events in the development of uranium deposits in the Patagonia
Region was published in different reports, some of them by the IAEA [1,2,3,4,5]. The Cerro
Solo Project, is an ongoing evaluation project on a tabular sandstone type uranium deposit,
lying 50 to 130 m deep in fluvial sediment belonging to the Cretaceous Chubut Group. The
deposit is located in the Province of Chubut, 400 km West of Trelew City, 630 m.a.s.l.

At the same time of the exploration of the favourable formation at a local scale, a regional
scale programme was also being considered. In this report some of the results of the
investigations carried out by the multidisciplinary team in the area will be described.

2. PRESENT STATE OF THE STUDIES

Follow up drilling programmes performed in the 1980s indicated the presence of
mineralization in different target sites within a selected area (180 sq. km, named Eastern
Slope of the Sa. de Pichinân District) of a paleochannel that initiates the deposition of the
Chubut Group.

The orebodies that make up the Cerro Solo deposit were delineated after 1990. Different
grid systems of drilling were used in accordance to the objectives of study whether it is for
geological characteristics or to obtain reliable resource estimates. A 300 ha area was covered
with around 600 drillholes; the main orebody is located within 90 ha of the studied area. A 25
x 25 m closer grid that was carried out to better define the geological characteristic and
resource estimation of the orebody used 136 drillholes. In most of the drillholes only cuttings
were recovered. A total of 25 holes were cored to allow special studies on the chemical
composition of the ore and on the behaviour of uranium minerals in leaching experiments.

For the exploration of the entire District, about 10,000 m of drilling were carried out in
different sectors that were selected for their particular geological features. Through this work,
new favourable areas were noted [6]. The same studies were used to establish the uranium
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favourability of the San Jorge Gulf Basin as a whole, and in the estimation of the endowment
of specific geological units [4]. Through this process, specific project was formulated to select
exploration targets at regional scale [2].

3. UPDATED RESOURCE ESTIMATION

Improved knowledge on the mineralization characteristics of the Cerro Solo deposit
provided a more reliable resource estimate of 3,100 t U, in the up to $ 80/kg U category of the
IAEA system (70% Reasonable Assured Resources, 30% Estimated Additional Resources).
This figure was estimated from the main orebody, using conventional verified by geostatistics
methods. In addition, the marginal mineralization around the deposit almost double the above
mentioned tonnage, mostly in the EAR I Category [7].

As of January 1997, uranium resources in the Cerro Solo area is shown in the following
tabulation. These figures are expressed in tonnes of recoverable uranium, this means, losses
due to mining and ore processing were already deducted.

Reasonable Assured Resources (RAR) Estimated Additional Resources
Category I - E A R -1

Cost ranges Cost ranges
< $ 80/kg U <$130/kgU <$ 80/kg U <$130/kgU
2,200 2,800 900 3,000

The mineralization in the main orebody is represented by lenses of 50 to 500 m long with
an average thickness of 3 m and frequent high grade and thickness variations. If only a high
percentage of the resources is to be mined, the average grade of the mined ore can be
increased from the 0.3% to 0.4-0.5% U.

Of more important consideration is probably related to the potential of the entire 180 sq.km
area Eastern Slope of the Sa. de Pichinân District, both taking into account the mineralization
located close to the main orebody and from the wide grid drilling and other known favourable
criteria of the paleochannel. The hypothetical or EAR II resources of the entire district has not
been formally estimated, but in the authors opinion it would be around 2-3 times the present
estimated resources.

4. ABOUT THE CHEMISTRY OF THE ORE

4.1. Uranium teachability

Six drillholes were cored in preselected positions of the mineralized horizons with the aim
of studying the general behaviour of the ore with the consideration the probable line of
processing that will be required. This was followed by a number of laboratory assays. These
works were part of the evaluation programme completed in 1996.

Representative samples from the core were selected taking into account taking into account
the grade and the position in the deposit. These samples were then divided into 2 high grade
samples that were treated in different combinations of oxidation and temperature conditions
commonly carried out in a conventional mill; sulfuric acid solution was used in leaching.
Results of these experiments are noted in the following table:
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Sample number U grade (ppm) U recovery (%) Mo grade Mo recovery
(ppm) (%)

13.040 2643 96.3 1147 67.5
13.041 582J 214 3166 55.4

It can be concluded that under the condition of these laboratory experiments, a good
recovery of uranium can be obtained. Related to Mo, giving a 61.4% average recovery, it can
be considered as a moderate recovery if this method of treatment is to be used.

.Another 2 samples, in this case low grade, were ground up to 3 cm maximum size and put
into a 5 kg column each and be treated, imitating acid heap leaching conditions. The results
were as follows:

Sample

13.
13.

number

038
039

U grade (ppm)

932
681

U recovery (%)

67.3
74.3

Mo grade (ppm)

484
200

Mo recovery
(%)

26.7
47.4

As expected, the recovery of both elements are lower than in the previously described test.
For uranium, it may be considered as acceptable. However, the recovery of molybdenum is
low to very low. The behaviour of sample 13.038 is presently being investigated focusing on
its rnineralogical composition [8,9].

4.2. Presence of molybdenum

Representative number of assays carried out on the drill cores, indicate an important
molybdenum concentration which is in close relation with the uranium mineralization. Both
phenomena appear to be associated with the enrichment of organic material in the sediments.

Present data available provide just a qualitative estimation on the molybdenum grade in the
deposit, that may be indicated as U/Mo ratio. It varies between 2 and 3, meaning a tendency of
a relatively higher Mo concentration that might provide the possibility of its recovery as a
byproduct.

5. THE GEOLOGICAL MODEL

5.1. Importance of mineralogical composition of the host formation

Based upon the description of the drillholes cutting at every meter, complemented with the
analysis of geophysical logs using on lithological gamma, a better understanding was gained
on the control of mineralization at the specific levels of the lithological column, particularly in
relationship with its mineralogical composition. Grain size and the presence of organic
material are important factors. Furthermore, the importance of the provenance of the clasts
was also established [10, 11]. The general description of the established stratigraphie column
is shown in Fig. 1.
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FIG. 1. Summary ofCretacic stratigraphie units, Correlation with uranium mineralization.

From mineralogical composition and provenance, the Arroyo del Pajarito Member of the
Los Adobes Formation, that hosts the uranium deposits, may be divided into two zones:
mesosiliceous in the basal portion and acid in the upper part. Related to the clast composition,
the first is made up of dacites, rhyodacitic ignimbrites and minor andésites, while the second is
of rhyolitic volcanic rocks like tuffs, ignimbrites and less abundant of porphyritic volcanites.

The above mentioned description provides the characteristics of one sector of the deposit.
The features of the main orebodies in the southern sector, that was studied with more detail,
gave a representative characteristics of the entire deposit as summarized below:

- the basal level of the formation filled the ancient reliefs, showing highly variable thickness.
It contains scarce organic material and it lacks uranium mineralization.

- the upper level lies between subparallel planes, the lower one separates it from the basal
section, and the one on top forms the boundary with the tuffaceous Cerro Barcino
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Formation. It contains abundant organic material in its composition and forms as hosts of
most of the uranium mineralization in the area.

Some other features that were identified as a particular characteristics of the southern
sector, are:

- the orebodies are located in the acid section close to the contact with the basal section.
- the closer the orebodies to the border of the paleochannel, the higher the grade. That is, the

higher grade orebodies are associated with the highs in the ancient relief of the fluvial
system.

The description of the southern sector is shown in the schematic sections in Fig. 2, and an
example of interpretation of the control factors are shown in Fig. 3.
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FIG 2. Cerro solo ore deposit Sector C, Distribution of the fluvial system acid and mesosiliceous
levels.

It can be generally stated that the orebodies is in close association with sandy lenses of the
predominantly conglomeratic high energy sediments.

A general summary on the host rock characteristics and its relationship with the uranium
mineralization is shown in Table I.

5.2. Provenance of the fluvial system

On the provenance of the minerals, it is obvious that the basal section came through the
destruction of the Jurassic Lonco Trapial Group, that lies in the central region of the San Jorge
Gulf Basin. The composition of this Group is as follows: andésites, basalts and intermediate
volcaniclastics; the first and second types are predominant in the ore deposit area.
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TABLE I. RELATIONSHIP BETWEEN MINERALIZATION AND GEOLOGIC
PARAMETERS

CLASTS PROVENANCE

STRATIGRAPHY

MARiflL
FORMATION

1 LONCC
: TRAPiAl
FORMATION

.'PAMPA DE
! AQN:A
WEMBER;

ROCK TYPE

ACID TUFFS
iGNiWBRiTES
RHYOL:TES

1 DACiTES
: RHYODACITIC -
MGMMBRITES
1
1
j

i ANDESITES
iBASALTS

1

SOURCE
TYPE

REGIONAL

•• AREAL

i LOCAL

STRATIGRAPHY

LOS ADOBES
FORMATION

(ARROYO DEL
PAjARlTO
MEMBER;

ESCARRA
FORMATION

PREDOMINANT
CLASTS

COMPOSITION

ACID

MESOSIDCEOUS

BASIC

i

OXIDATION
STATE

CXIOATEO

i
OXIDATED

GENERAL CHARACTERISTICS

1
\

LACK OF MiNERA.LiZATiON

SCARCE ORGANIC MATERIAL
SCARCE CALCITE i
LOW GRADE MINERALIZATION i

ABUNDANT ORGANIC MATERIAL
ABUNDANT CALCITE
HIGH GRADE MINERALIZATION
(SECTOR C)
MAXIMUM PERMEABILITY LEVEL
FINE SANDSTONE HIGHER
PERCENTAGE

LACK OR LOW GRADE MINERALIZATION
PRESENCE OF CALCITE
WITHOUT ORGANIC MATERIAL

! WITHOUT MINERALIZATION
i ABUNDANT CALCITE
ABUNOANT CLAYS
LACK OF ORGANIC MATERIAL
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An important characteristic of this economic basement is the faulted blocks structure, with
graben like lows, filled predominantly with foothill sediments, detritical flows, sedimentary
breccias and paraconglomerates (Escarra Formation). The mesosiliceous section of the Arroyo
del Pajarito Formation represents the last filling of this small basins, with fluvial
characteristics, high energy and low sinuosity, that indicates the expansion of the flood areas.

The acid section's provenance is related to the ignimbritic rhyolitic plateau that covers the
eastern part of the San Jorge Gulf Basin (Marifil Formation, Jurassic). Apparently when the
alluvial systems heads reached this region, the composition of the Chubut Group's sediments
changed accordingly. At the same time climate changes could have originated the organic
material enrichment in this section, making it more favourable for uranium mineralization.

5.3. About uranium favourability of the basin

From the point of view of the uranium favourability, the geologic-economic model that
was developed through the Cerro Solo's investigation provided a useful guide to the
exploration of the San Jorge Gulf Basin as a whole, considering that the Chubut Group is
widely distributed in this area, covering a total area of 170,000 sq. km (68,000 sq. miles).

Figure 4 represents a map, that indicates the known and inferred development of the fluvial
and the tuffaceous systems of the Chubut Group. It also shows the position of the main
deposits and group of anomalies that have been studied to some extent [3, 4, 5].
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FIG. 4. Main areas of anomalies and deposits.
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