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PREFACE

The mission, which was undertaken by two consultants,

Mr. D.L. Hetland and Mr. U. Me L. Michie commenced in Peru

on 15th August 1981, and completed its work in that country

on 15th October 1981. During the mission a total of 26

days were spent on field work.
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A. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

1. The IUREP Orientation Phase Mission to Peru believes
that the Speculative Resources of that country fall between
6,000 and 11,000 tonnes uranium.

2. There has been no uranium production in Peru and
there are no official estimates of uranium resources.
Past exploration in Peru (dating from about 1952) has
indicated a paucity of valid uranium occurrences and
radioactive anomalies. Only recently (1980) have anomalous
areas been identified, (Macusani-Picotani).

3 . The identified Speculative Resources are mainly in
Late Tertiary ignimbrites and associated sediments in the
high Andes of southern Peru. Geologically, there are
direct parallels between these resources and deposits of
the Los Frailes areas of neighbouring Bolivia.

4. . Other minor Speculative Resources may be present
in calcretes developed from Tertiary volcanogenic sources
over the Precambrian in the Pacific Coastal desert of
southern Peru but no positive indications have been reco-
vnised.

5. Hercynian sub-volcanic granites in the eastern
cordillera of southern Peru may have some associated
Speculative Resources both intra and extra granitic.

6. No Speculative Potential could be identified in
Permo-Triassic or Tertiary post tectonic continental
sediments anywhere in Peru. Such potential may exist
but further reconnaissance of the continental late
Tertiary basins, with positive indications would be
required before inclusion of potential in this category.

7. Recent discoveries in the volcanogenic environment
of southern Peru have been by carborne, helicopter borne
and on on-foot reconnaissance of isolated areas. It is
recommended that there be a more systematic, integrated
study of the entire volcanic district assisted by volcanic-
petrographic examination.

8. Assessment of the known occurrences requires
immediate subsurface study by drilling and exploration
audits to assess their continuity, grade variation and
thickness. This phase will be significantly more
expensive than previous exploration. Non-core drilling
should supplement cored drilling in assessment areas.
Ground surveys should involve basin mapping geophysics,
soil .and rock geochemistry, volcanic facies mapping and
regional radon surveys. Airborne surveys should be
initially helicopter-mounted total count surveys and only
later spectrometric surveys.



9. The IUREP Orientation Mission suggests that over
a period of five years, some ten million US dollars be spent
on surface and sub-surface exploration.

10. Closer liaison, perhaps even joint projet teams,
should be initiated with the general state mapping and
minerals organisation INGEMMET. This would serve to
broaden significantly the geologic background and expertise
in the search for uranium.

11. In the event that private companies, local and/or
foreign, are invited to participate in the exploration for
uranium in Peru, it is recommended that no areas should be
reserved solely to government exploration and assessment.
All districts should be open to private companies partici-
pation. This could be either joint ventures in chosen areas
or merely IPEN supervision of activities and collection of
data.

- 2 -



B. INTRODUCTION

Terms of Reference

The basic objective of the International Uranium
Resource Evaluation Project (IUREP) is to "review the
present body of knowledge pertienent to the existence
of uranium resources, to review and evaluate the potential
for the discovery of additional uranium resources and to
suggest new exploration efforts which might be carried out
in promising areas in collaboration with the countries
concerned."

Following the initial bibliographic study which
formed Phase I of IUREP, it was envisaged that further
assessment in cooperation with, and within, the country
concerned would provide a better delineation of areas
of high potential and a more reliable estimate as to
the degree of favorability for the discovery of additional
uranium resources. It was planned that such work would
be accomplished through field missions to the country
concerned and that those field missions and the resulting
report would be known as the Orientation Phase of IUREP.

The purpose of the Orientation Phase mission to Peru
was (a) to develop a better understanding of the uranium
potential of the country, (b) to make an estimate of the
Speculative Resources of the country, (c) to delineate areas
favorable for the discovery of these uranium resources,
(d) to make recommendations as appropriate on the best
methods for evaluating the favorable areas, operating
procedures and estimated possible costs, (e) to develop
the logistical data required to carry out any possible
further work, and (f) to compile a report which would
be immediately available to the Peruvian authorities.

General Geography

Peru is in the western sector of the South American
continent between the equator (0°5T) to 18°20r south
latitude and between 68°40f to 81°20fw longitude (Fig. 1).
It has an area of 1,285,215 kms2, (about one-half million
mi¿), including 40 small islands near the Central Coast.
The Peruvian Pacific Coast line is 2,880 kms. long. There
is also an outlet to the Atlantic Ocean via the Amazon River,
Peru is bounded on the north by Ecuador and Colombia, on
the east by Brazil, on the southeast by Bolivia and on the
south by Chile. It is the third largest country in South
America after Brazil and Argentina.

Geographic Subdi visions

From west to east Peru may be subdivided by natural
boundaries into four regions (Fig. 2): the Costa (the

- 3 -
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narrow coastal zone), the Sierra (the Andes which dominate
Peru), the Montana (the eastern mountain valleys and
highlands), and the Selva (the interior plains of the
Amazon Basin).

The Costa region is a narrow ribbon of desert that
faces the Pacific Ocean along the entire 2,880 km., coast
of Peru. In the extreme north it forms a dune covered
plain some 80 km., wide backed by the Andes. Further
south, this lowland narrows considerably and is largely absent
south of Trujillo so that the barren slopes of the Andes rise
steeply from the ocean in a series of ledges and coastal
plateaus. Large.river valleys exit from the mountains,
particularly in the central section, and cut across the
coastal desert. At their mouths, alluvial fans provide
economically valuable strips of agricultural lowlands.
Only 10 permanent streams cross the desert. Over 40
others disappear on the way and many others dry up
completely between August and October. A low coastal
range is present south of Pisco.

The Sierra region, arbitrarily limited by the 2,000
meter countour, includes about one-fourth the total area
of Peru and consists of mountain ranges divided by deep
valleys paralleling the coast. In general they may be
divided into a western Cordillera Occidental, including a
range of volcanic cones in the south, which forms the
continental divide, and an eastern Cordillera Oriental.
Between lies the inter-Andean Valley which extends from
the upper Maranon in the north through Cerro de Pasco and
Huancayelica to Cuzco where it broadens out to a large
basin around Lake Titicaca on the Bolivian border at an
elevation of 3?800 meters. The mountains have large
areas at elevations about 5,000 meters (16,404 ft.) and
several peaks over 6,000 meters (19,685 ft.). Mt.
Huascaran in west-central Peru has the nation's highest
summit at 61768 meters (22,205 ft.).

The Montana region which ranges in elevation from
500 to 2,000 meters comprises the eastern Andean valleys
and eastern slopes of the headwaters of the Amazon including
the Maranon, Huallaga, and Ucayali-Urubamba rivers. The
region is broadest in the north towards the Ecuadorian border.
Together the Montana and scuceeding selvas form about 60%
of the area of Peru.

The Selva forms.all of NE Peru and is a large jungle
lowland, much of it below 200 meters altitude, and ribboned
by meandering rivers of the Amazon system. In the SE,
adjacent to the Brazilian and Bolivian borders, the region
is higher, between 200 and 500 meters with more active
streams of the Madre de Dios System.

Climate, Vegetation and Agriculture

The area lies within the SE tropical trade wind
belt so that from October to April moisture-laden winds

- 6 -



bring heavy rain from the Atlantic across Brazil to be
precipitated on the high Andes. Little of this rain
passes the Continental Divide and the Pacific slopes of
the Andes lie in a rain shadow area, which becaomes
progressively more arid as the altitude falls. Also,
the cold northward flowing Peruvian (Humboldt) current
extracts moisture from any winds that may blow in from
the Pacific so that rain falls out at sea. Coastal
fogs and low clouds, yielding no rain, are prevalent from
May to November and may impede field work. No field work
is possible in the mountains during the rainy season
between November and April and in the eastern lowlands the
optimum season is July to October, although it can rain at
all times of year especially in the NE.

Temperatures are cool on the coast; for example
Lima is coldest, 13-19°C, and wettest, 8mm, in August, and
warmest, 19-28°C, and driest, o-lmm, in February. In
the Andes, temperature falls with increasing altitude so
that Cuzco at 3?350 m. averages 11°C. Temperatures vary
considerably between day and night and between sun and shade.

Snow lies permanently above about 5,000 m and where
there is a large mountain mass above the snow line, as in
the Cordillera Blanca, it may descend lower. In the
eastern jungle, temperatures average around 26°C and rain-
fall may exceed 2,000 mm.

The vegetation patterns follow the climatic zones
and are so sharply defined as to appear like geological
features on aerial photographs. From sea level to
1,500 m, or less in the north, the Pacific coast is barren
except along the rivers and where sparse vegetation is
sustained by the coastal fogs. Irrigation along the river
valleys and fans, especially in N. Peru allows the growing
of cotton, sugar-cane, rice, vines, olives, maize, alfalfa,
bananas, citrus fruits and vegetables.

On the western Andean slopes from 1,500 m. to 2,500 m.
a soil is present with drought resistant shrubs and a light
grassy vegetation in the rainy season. The optimum climatic
conditions for agriculture occur between 2,500 m. and 4,000 m
in the largely deforested sierra. , Cereals, mostly maize,
wheat, barley and millet are grown particularly in the Cuzco
and Titicaca basins, while potatoes grow at over 4,000 m.
Above 4,00 m. it is generally too cold for trees but there
is a dense cover of tufty grass which provides pasture
for sheep, cattle, llamas and alpacas. Above 5,000 m.
the vegetation dies out and the hill slopes are covered
by pulverised rock fragments produced by frost action or
permanent snow. The relatively warm wet eastern Andean
slopes support mountain rain forests to 3,000 m., but in
favorable more level regions, such as Tarapoto in the north,
large areas are being cleared for cattle raising and plan-
tation crops. Tropical rain forest covers all the selva
region and is exploited for hardwoods and wild rubber.

- 7 -



Human Geography

This can be summarised as:

excluding Indian jungle population

I960, 10.02 M; 1970, 13.45 M; 1976, 16.09 M;
1980, 17.3 M; 1981, 18.03 M.

Growth: 2.6% p.a.

Cities: population in 000, 1972

Lima (capital) 3,303 (1981, c.4.1m.)

w/Callao (port) 297

Arequipa

Trujillo

Chiclayo

Chimbóte

Huancayo

Piura

Cuzco

Iquitos

Race: (1970)

302

240

188

159

127

126

120

111

Amerindian

Mestizo

White

Others

50%

33°/o

12%

5% (Negro, Japanese,
Chinese)

Language: Official language is Spanish which is
uied~"aXX along the coast. About 50% of mountain
dwellers speak only Quechua (Incaic) which is regarded
as a second official language. Around Lake Titicaca,
Aymara is spoken and in the jungle there are tribal
languages.

Religion: Roman Catholicism is the official religion
Bui there is complete freedom of worship.

t§£2HE_í 2E26.: 1972» 3.9 M, 41% agriculture, 1%
mining"~añd quarrying.
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Personnel: 1974, scientists and engineers 85,000

About 60% of the population live in the Sierra. This
includes the majority of the rural Indian communities dis-
tributed in scattered clusters over the high plateau and
the sheltered basins and valleys as well as those around
the principal mining centres.

The coastal desert cases contain only about 27% of
the population but represent the economic and commercial
heart of Peru. Manufacturing industries are overwhelmingly
concentrated in the Lima-Callao area. Plants produce
steel, automobiles, tyres, petrochemicals, paint, cement,
fertilizers, cotton and woollen textiles, shoes and a wide
rnage of consumer goods. There are also petroleum and
sugar refineries and the dramatically expanded fish meal
factories along the coast.

History, Politics and Administration

The name "Peru" was given to the country by the
Spaniards. Its origin is uncertain but it is generally
supposed to be misinterpretation of the Indian word "Viru"
which is a river in the north.

Data on the ancient civilizations are vague and
mainly theoretical. From graves perfectly preserved
in the hot, dry sand of the coast, it is known that
great proficiency in the arts of making exquisite pottery
and textiles was achieved, rising to an apogee between
the seventh and ninth centuries, A.D.

The Incas appeared in the Cuzco valley possibly
as early as the end of the eleventh century and began
to impose their rule on the surrounding tribes. By
the end of the fifteenth century they had conquered not
only all of present-day Peru, but also Ecuador, Bolivia,
parts of Colombia, northern Argentina and Chile. The
road system built by the Incas, linking the capital,
Cuzco, to the most remote parts of the empire, was as
remarkable as that of the Romans or the Persians.

In 1532, a small force of Spaniards under
Francisco Pizarro landed at Tumbes in the north
of Peru and marched inland. The Inca Emperor
Atahualpa was captured and, although fighting went on
intermittently, the Spanish conquest followed its course.

Lima was founded in 1535 by Francisco Pizarro and
became the seat of government of the Spanish viceroyalty for
all Spanish possessions in South America until the wars of
emancipation.

Towards the end of the eighteenth century, an
abortive Indian revolt under the leadership of Tupac
Amaru II marked the quest for independence which was
beginning to spread throughout Spanish America. Another
revolt in 1814-1815 under General Pumacahua was also
crushed but by this time Bolivar and- San Martin had

- 9 -



NOTE. Deportments are indicated by number Capitals are same name at departments exempt where otherwise indicated, in either cose, the

symbol Qindicatms capital city »indicares other motor cities. Quod/cotec national and provincial capital.

DEPARTMENTS

I TUMBES
Z PIURA

3 LAMBAYEQVE
A AMAZONAS

5 SAN MARTIN

B CA JAM ARCA

7 LA LIBERTAD

8 LORETO

» ANCASH

10 HUANU CC-

lt PASCO

IS JUNIN

13 LIMA
M HUANCAVELICA
15 JCA
16 AYACUCHO

17 APUftlMAC

« CUZCO

19 MADRE DE DIOS
50 PUNO
51 AREQUIPA
ZZ MOOUEGUA
Z3 TACNA
tA UCAYALl

Fig. 3 Administrative Units

- 10 -



begun their campaigns in Venezuela and Argentina, and
six years later, Peru's own independence was declared.
Although the Republic of Peru issued its Declaration of
Independence on 28th July, 1821, it was only with the
battle of Ayacucho in 1824 that the country gained its
actual freedom from Spanish rule.

The last Constitution was basically the one of
1933 which was amended in 1939 and also in 1962.
Legislative power emanates from the congress composed
of a senate and a Chamber of Deputies. The executive
power is vested in the President who is elected for
six years and exercises his functions through a Cabinet
of 12 members (ministers).

Administration units in Peru consist of 24 pol-
itical divisions(Fig. 3), departments, which are
subdivided into a total of 114 provinces.

The Peruvian monetary unit is the "soln which is
divided into 100 centavos. Paper bills are in denom-
inations of 10,000; 5,000; 1,000; 500,100 and 50 soles.
Bronze alloy coins are in demoninations of 100, 50, 10,
5, 1 and 1/2 soles. At the time of preparing this
report the foreign exchange rate was one US dollar -
459 soles.

Peru is now under a constitutional government
democratically elected on 18th May, 1980 and presided over
by Architect Fernando Belaunde Terry.

C ommuni c at i ons

Transport is difficult. Steep gradients,
earthquake damage, landslides, washouts, areas of tropical
jungle and the virtually uninhabited tracts separating the
main centres of population combine to produce a major
problem. There are only about 3,400 km., of railway,
much of it single track. Short isolated tracks link
several of the irrigated desert oases to their nearest
parts. Two lines separately link the coast to the
Sierra. The central railway climbs from Lima over
4,870 m to the interandean valley with links at La
Oroya to the Cerro de Pasco railroad and at the terminus
of Huancayo to the Huancavelica railway. In the south
a line from the port of Moliendo runs to the main Andean
town of Arequipa and thence to the Lake Titicaca basin and
on to Cuzco.

The main feature of the mostly untarred 56,416 km.,
(1975) road system is the Peruvian stretch of the Pan-
American highway which runs for 3,413 km., through the
coastal desert centres and has Andean road links with
Arequipa and on to Puno and Bolivia. Other principal
highways are the Central from Lima over the Andes to
Pucallpa on the Amazon river system, and the longitudinal
Sierran System. Development of the road network is a
major priority particularly in the Montana area of eastern
Peru.

- 11 -



TABLE I

PERU'S NUCLEAR PLAN

EXECUTION STAGES

1st S tage : 1977-1983

Obj ec t ives

1. Layout the basic scientific and technological infrastructure in nuclear

sciences.

2. Create the necessary operational facilities.

3. Establish the uranium potential.

4. Determine the appropriate nuclear participation in electric generation.

2nd Stage; 1983-2000

Supported by a significant national capacity in this subject, promote through

the use of nuclear technologies and sciences:

1. Food production increment.

2. Improve health conditions of the population.

3. Support industrial development.

4. Di\ersify energy resources (Nuclear Raw Materials).

5. Facilitate Nucleoelectric incoporation in accordance with national interest.

6. Create a sound Peruvian nuclear industry.

7. Encourage research and nuclear development with a capacity to adapt not

only new nuclear technologies to local conditions, but also to encourage national

scientific innovation.

12 -



Peru's remote Amazonian lowlands depend for transport
largely upon the river network. Iquitos, at the head
of the Amazonian navigation for ocean freighters lies
3,700 km., from the Atlantic Ocean. Other major inland
ports of the 8,688 km., of navigable rivers in the
Amazon basin are Pucallpa on the Ucayali and Yurimaguas
on the Maranon. Lake Titicaca also serves for water
transportation and links to Bolivia.

Lima airport (Jorge Chavez) is the centre for
international flights to North and South America and
Europe. Local airlines, Faucett and AeroPeru, maintain
regular flights throughout Peru to Chachani (Arequipa),
Huancharo (Trujillo), Piura, Guzco, Pucallpa, Iquitos and
18 other airports with scheduled flights. There are about
300 local airstrips which are important due to the deficiencies
in the road and rail networks and the lack of other modes of
transport in much of the Sierra and Selva.

Administrative Bodies concerned with the Regulation of
Geological and Mining Activities including those of Uranium

The establishment of the Atomic Energy Control Board
in November, 1955, as an organisation designed to control
the prospection, exploration, commercialisation and
exploration of radioactive minerals, marked the beginning
of nuclear activity in Peru. Prior to this date, beginning
in 1953, several short term reconnaissance projects had been
accomplished under a cooperative exploration and evaluation
agreement between Peru and US geologists (USAEC).

In 1957 the Atomic Energy Control Boardsf responsibilities
were expanded to include other uses of atomic energy and
nuclear technology according to the requirements of the
country.

In February 1975, the "Instituto Peruano de Energia
Nuclear" (IPEN) was set up as a branch of the Ministry of
Energy and Mines, with the new aim of promotion, coordination
and control of the development of nuclear energy and its
use within the country. A programme for developments in
these fields was presented in 1977 as the Nuclear Plan,
summarised in Table 1.

The implementation of such a plan represents a sudden
change of scale between the activity developed in the nuclear
field in Peru during the years 1957 to 1976 and the one
implemented since 1977. This Plan specifies the implementa-
tion of two consecutive and complementary stages.

The first stage, under implementation at present, covers
the period from 1977 to 1983 and its aims include the determina-
tion of the uranium potential of the country.

As of July 1980, IPEN was transferred under the direct
supervision of the Presidency of the Republic. The principal
departments of IPEN are shown diagramatically in Fig. 4.
The organisational structure of the Raw Material Division
is shown in Fig. 5.
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Geologic and mining activities for other metallic
and non-metallic minerals are under the control of the
Ministerio de Energia y Minas.

Mining Legislation in regard to- Uranium Exploration

Prior to 9th July 1980 government laws "reserved for the
State the Mining Activities of exploitation, beneficiation,
and refining of radioactive minerals lying in the National
Territory, as well as the complete cycle of nuclear fuel,
prohibiting any granting of concessions whatsoever for said
substance."

In order to stimulate uranium prospecting in Peru, IPEN
proposed that the Peruvian Government allow the participation
of private companies (local and/or foreign) in the development
of the uranium mining industry, without discarding some
activities directly conducted by IPEN.

In this regard, the "Ley de Minerales Radioactivos"
(Radioactive Minerals Act) was promulgated on 9th July 1980
including the main regulations about private participation.
The official transation issued pursuant tothis Decree Law
No 18903 of the Government of the Republic of Peru is attached
as Appendix B.

The IPEN is still preparing the "Regulations" of the
above-mentioned Act, to include details of technical, legal
and economic aspects, and in this regard has established
two Advisory Groups; one for the legal-economic aspects and
the other for technical direciáon.

Topographic and Geological Maps

The Instituto Geográfico Militar (IGM) of Peru
publishes topographic maps of the western one-third of Peru
at various scales of 1:25,000; 1:50,000; 1:100,000;
1:200,000; and 1:250,000 (see Appendix C). The eastern
two-thirds (jungle) of Peru has no topographic maps, except
for the general 1:1 m. map which covers the whole country.

Aerial photographs- are available from IGM at a
scale of 1:60,000 for most of Peru. Stereoscopic pairs at
various scales are also available from Servicio Aerofotográfico
Nacional. (SAN).

Geological maps are available from the Instituto
Geológico Minero y Metalúrgico (INGEMMET) at scales of
1:1,000,000 and 1:4,000,000. Partial map coverage of the
western one-half of Peru is also available at scales of
1:100,000 and 1:250,000 (See Appendix C).
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C. GEOLOGICAL REVIEW OF PERU

Introduction

Fig. 6 summarises the morpho-structural units normally
recognised in Peru and used in discussion of the general
mineral (Bellido, 1972) or uranium distribution (Belluco,
1977, 1978). These closely follow the geographical divisions
discussed previously and are directly related to the younger
Andean belt. However, older elements may be present in
several belts. For example, the lower Paleozoic fold belt
crops out in the Cordillera Oriental, the Altiplano, the
Cordillera Occidental and the Coastal Range. All these
units are separated by major longitudinal subvertical fault
systems.

1. Coastal Range

This range lies at the coast south of Pisco and an
equivalent geotectonic unit appears out of the Pacific in
NW Peru, first as offshore islands then with a north trend
as the Cerros de Illescas and finally as the Cerros de
Amotape which have a NE trend into Ecuador. In rocks,
with some locally fossiliferous upper Paleozoic strata, cut
by Mesozoic intrusives and affected by Tertiary normal
faulting. The range decreases in elevation to the north
and is characterised by a series of 28 marine terraces
rising to 800 m. In the north the zone-consists largely
of Paleozoic metamorphic and igneous rocks.

2. The Para-Andean Depression

This structural feature lies between the Andes and
the coast range on the Pacific. It is filled with Tertiary
continental elastics in the south and largely marine sediments
elsewhere, particularly in NW Peru. To a large extent
it is blanketed by recent sediments derived from the erosion
of the Andes and the Coast Range.

3. Cordillera Occidental

This western part of the Andes consists of folded and
faulted Paleozoic and Mesozoic sequences cut by upper
Cretaceous and Tertiary intermediate intrusives and covered,
especially in southern Peru, by Tertiary volcanics (andesites)
A widespread Miocene erosion surface truncates many of the
western foothills. This surface seems to have been tilted,
faulted and uplifted in Plio-Pleistocene times from a few
hundred meters above sea level to over 4,000 m.

4. Interandean Valley

This relatively narrow zone of lower altitude separates
the main western and eastern Andean belts. It forms
several block faulted basins infilled with Tertiary and
later sediments.
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5. Lake Titicaca Basin

This broad basin around Lake Titicaca is an extension
into Peru of the larger interandean basins of Bolivia.
The relatively level plain is produced from a fill of
late Tertiary and younger sediments.

6- Cordillera Oriental

The basement is of a great thickness of early
Paleozoic rocks on Precambrian basement relics folded
in a Hercynian (Carb/L. Perm) orogeny. Tectonic and
post-tectonic granite intrusives of upper Paleozoic age
cut the older rocks. Younger Paleozoic and Mesozoic
sequences rest unconformably on the older Paleozoic and
have in turn been folded and faulted.

7. Sub-Andean Zone

This zone, east of the Andes, is sharply separated
from the Paleozoic by a system of steep faults. Folded
Mesozoic sediments, commonly faulted along their eastern
side outcrop near the Andes. Eastward folds decrease
in amplitude towards the Brazilian shield. Molasse
facies of upper Tertiary and younger sediments cover much
of the area.

£. Amazon Plain

These are pericratonic basins on the concealed
Brazilian shield. There are some broad domes near the
Brazilian border exposing Cretaceous rocks overlying
Siluro-Devonian basement and a limited number of Neogene
peralkaline plugs. Otherwise the region is largely
covered by continental molasse facies, Tertiary and younger
rocks derived from erosion of the Andes and, to a lesser
extent, from the Brazilian shield.

9. Shir a Mount ains

This is an isolated blcok of Paleozoic basement
overlain by Mesozoic sediments faulted up through the
sub-Andean belt. At its northern end is located the
dome of Mesozoic sediments hosting the small Aguas Calientes
oil field.

10. Madre de Dios Plain

This is similar to the Amazon plain except that no
domal features are exposed so that the only rocks seen at
surface are the upper Tertiary and Quaternary continental
sediments.
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Geological History

An excellent synopsis of the Geology of Peru is given
by the description which accompanies the 1:4 m geological
map of Peru (Bellido, 1969). ^Fig. 7 is a generalised map
of Peru. The 1969 geologic map of Peru at a scale of
1:4,000,000 is included as Appendix D.

Precambrian

In the S¥ of Peru in the Coastal Range and near
Arequipa there are outcrops of gneisses, migmatites,
schists, intrusive granites and other metamorphic rocks
collectively forming the Arequipa massif west of the
Andes. Geological reconnaissance (Cobbing et al., 1977)
indicated:

a) Granulite facies metamorphism at 1,811 + 39 Ma
(Rb/Sr).

b) Deposition of a sedimentary assemblage and
its subsequent metamorphism under conditions
of the amphibolite facies, and

c) Migmatization which affected both the
granulites and supracrustal schists

d) Intrusion of mafic dykes and later metamorphism

Tentative age data suggest a late Precambrian-early
Cambrian period for the later migmatization and metamorphism.
Similarly U-Pb data on zircons (Dalmayrac et al., 1977)
confirmed the recognition of a c.2 Ga., granulite charnockite
complex and suggest its reworking in a late Precambrian
orogeny (Brazilian orogenic cycle, 450-650 Ma). This
sequence can be correlated wiihthe pattern in much of the
Brazilian and Guayanese cratons. It contrasts with the
situation in the Argentinian Sierras Pampeanas and
Patagonian massifs which appear to lack components as
old as 2 Ga.

Within the Andean belt, particularly in the Cordillera
Oriental, a Precambrian substrata to the lower Paleozoic has
been recognised (Dalmayrac et al., 1978). U-Pb age dating
on zircons in samples from Pichari on the Apurimac near
Ayacucho indicate an age of 1,140^30 Ma and from Huanuco
in the central part of the eastern Cordillera an age of 600 Ma.
Precambrian metamorphics are exposed up to the valley of the
Maranon in the north and comprise schists, phyllites, gneisses,
amphibolites, meta volcanics and intrusions of granites,
diorites and pegmatites with only rarely basic or ultrabasic
rocks.

Paleozoic

The oldest known Paleozoic sediments are fossiliferous
Ordovician, in a 8,000-15,000 m. sequence of dominantly geo-
synclinal argillaceous and sandy sediments now metamorphosed
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to phyllites, schists and dark slates, resting on the
Precambrian. In the Lake Titicaca region, shales,
siltstones and sandstones some 3,000 m. thick are largely
of Early and Middle Devonian age (Newell, 1949), but
include Silurian and possibly Ordovician strata (Boucot and
Megard, 1972).

A tillite horizon is present in the Late Ordovician/
basal Silurian. Both to the east (the subandean zone and
towards the Brazilian shield) and the west (the Arequipa
massif) the Paleozoic is a thinner (1,000 m.) platform
cover. In the central region, now exposed in the Cordillera
Oriental and Taliplano, there was a Late Devonian orogeny
(eohercynian/Late Caledonian) indicated by tight folding
and local metamorphism to greenschist facies of older strata,
granite intrusions and the absence of Upper Devonian strata-
Margins of the fold belt are difficult to recognise but
studies in the Huanuco area indicate a thin (1,000 m.)
little deformed series which may have been near the NE margin.
Development of the lower Paleozoic trough on the Brazilian/
Arequipa shield was apparently controlled by faults near the
present reactivated Andean margins.

Resting unconformably on the older sequences are post-
tectonic coarse-to-fine, locally tuff-bearing elastics of
Mississippian age. Concordantly above these rocks is a Middle
Pennsylvanian, chiefly marine, sequence followed with little
discordance by Lower to Middle Permian shale and limestone,
especially in southern Peru (Newell et al., 1953). A late
Hercynian orogeny is marked by andesitic to rhyolitic flows and
volcaniclastic rocks of Middle to Late Permian age. Permian
granites are widespread within the Paleozoic belt. Thick,
red, coarse-to-fine post orogenic clastic rocks (Molasse/Mitu
group) are widespread in central and southern Peru and
recognised further north.

Mesozoic

Lower and Middle Triassic rock units are generally
absent so that much of coastal and Andean Peru was land
from the later Permian to the beginning of the Upper Triassic.
During this interval, however, salt beds, which later gave rise
to diapiric structures, were formed in the subandean region
(Huallaga Valley). Subsequently, with Upper Triassic-
Jurassic marine trangression, a marked facies change was
established from west to east. Along the coast and Andean
belt sediments are marine, commonly limestone, with a strong
volcanogenic component to the coast. A eugeosynclinal
assemblage around 5,000 m. thick lies to the west and a
miogeosynclinal assemblage around 3,000 m. thick lies to the
east. Along the subandean belt the sediments are dominantly
continental in character. These relationships are illustrated
in Fig. 8. Generally, the Mesozoic groups in the Andes can be
seen to rest with marked unconformity on a basement composed of
metamorphic Precambrian-Lower Paleozoic units and less metamorphosed
upper Paleozoic formations which are themselves separated by
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a marked unconformity. In the Altiplano, the eastern
Cordillera and the subandean zone, Triassic and Jurassic
formations are lacking. The Cretaceous and Eocene series
(2,000 m.), made up of continental elastics and some
interstratified marine sediments, rest directly on the Pale-
ozoic and older groups.

During late Triassic and early Jurassic times
a carbonate sequence with a thickness of more than 2,000 m.,
accumulated in a long and relatively narrow shelf area east
of the present continental divide of northern and central
Peru. Concurrently, thick andesitic volcanic rocks in
large part submarine, with interbeds of dark shale and
impure limestone, accumulated to the west. Still farther
west, according to Fischer (1956), both Triassic and Jurassic
rocks are missing, so that Albian and younger Cretaceous rocks
rest directly on Paleozoic metamorphic rocks. The lower
Mesozoic volcanic belt is recognised along the coast in southern
Peru, and inland as far as Arequipa and Moquegua. Near
Arequipa, Liassic andesitic flows and tuffs contain bioherms
with an abundant coral fauna. From late Triassic into middle
Jurassic time, volcanic activity prevailed along and offshore
from the present coast of Peru and joined with a similar zone in
Chile. This is the first well-defined volcanic island recorded
in the geologic history of the country. No plutons of this
age are yet known in this belt.

Just to the east of this Triassic/Jurassic volcanic belt
in southern Peru a parallel narrow foreland belt received a
thick accumulation of flysch-like clastic sediments•and minor
carbonates. This accumulation continued through Callovian
time. The apparent northeastern limit of Jurassic sedimentation
in southern Peru is some 30 km. west of Lake Titicaca.

Volcanism in a western archipelago was a precursor to
crustal disturbance. Upper Jurassic strata appear to rest on
disturbed Middle Jurassic beds south of Nazca. The next
significant event is the very widespread accumulation of
sandstone and red beds, largely terrestrial, with coal beds,
but with some marine intercalations, during early Cretaceous
transgression. The unconformity below these elastics is
significant, most pronounced in central and northern Peru,
but also evident in the south from structural relations.
In central Peru the coal-bearing Neocomian to Aptian
Goyllarisquisga group rests on Jurassic or Triassic limestones;
near Puno, in the south, Neocomian or Aptian sandstone rests
on Upper Jurassic sediments or overlaps onto Devonian strata;
in eastern Peru a Neocomian sandstone rests disconformably on
Upper Jurassic to Ordovician rocks.

Transgressively above the nonmarine Lower Cretaceous
elastics, carbonate accumulation occurred close to but
slightly to the west of the earlier Mesozoic shelf sediments.
Although marine sedimentation was essentially continuous in
central and northern Peru through the Upper Cretaceous, the
equivalent zone was above sea level in the south after the
deposition of the Cenomanian Ayavacas limestone. This
marine regression is evident also in NE Peru by the Agua
Caliente sandstone. Although most of southern Peru contains
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shallow marine Lower Cretaceous sediments, near the
Chilean border there was a positive feature, the Pampean arc.
Near this feature the Lower Cretaceous consists mainly of
continental red beds and volcanics (Wilson, 1962).

In the Lake Titicaca region thick continental elastics,
in part red beds, are the highest Cretaceous strate, mostly-
trapped in broad, low-level valleys as a result of vertical
block movements. In the Subandean foreland, however, Lower
and Middle Cretaceous strata include marine and fluvio-lacustrine
sediments, probably in large part derived from the east. These
give way to a white quartz sandstone, a littoral marine facies,
during late Cretaceous time.

The plutonio rocks of the coastal or Andean batholith
extent more or less continuously along the Andean coastal slope
and the para-Andean depression, averaging 200 km from the coast.
Emplacement of the multiple intrusions appears to have begun
in Late Cretaceous time and continued well into Tertiary.
A radiometric date of 58.7 + 1.8 Ma was obtained~on diorite at
Toquepala (Laughlin et al.,"1968). Cobbing and Pitcher (1972)
report ages of 76 + 3 Ma. on early tonalite and 33 + 1 Ma. on
a late adammelite north of Lima. In southern Peru~a basal
Tertiary conglomerate contains boulders from the batholith.
The average composition of the batholith described, ranging
from gabbro to granite. Early phases were syntectonic.
Zones of contact metamorphism around the batholith are extensive.

A detailed study of the batholith (Cobbing et al., 1981)
shows that it is divisible into 3 compositional segments. These
are a northern (Trujillo) segment, a central (Lima) segment and
a southern (Arequipa) segment with the boundaries lying near
to Chimbóte and Lima. Further inland, north of Lima and about
300 km., eastwards from the continental margin, is the parallel
Cordillera Blanca batholith o,f Late Miocene age. The linearity
of these Mesozoic and Tertiary intrusives is much more regular
than that of the corresponding sediments and structures suggesting
a regular fault control on their intrusion.

Accompanying the Andean batholiths are more than 2,000 m.
of volcanics which accumulated in the Late Cretaceous to early
Tertiary. This volcanism, dominantly andesites but ranging
to rhyolites, produced mostly lava flows, breccias, agglomerates
and tuffs including ash-flow tuffs. There is evidence (Noble
et al., 1979) of a phase of largely pyroclastic felsic
volcanism throughout the Andes during the early Miocene produced
by eruptions from vent areas of the collapse caldera type. In
central Peru these volcanics and coarse volcaniclastic
sediments overlie a major erosional surface - the post - Incaic
unconformity - cut on rocks of the Coastal Batholith and older
units.

Tertiary to recent

The end of the Cretaceous and the emplacement of the Andean
batholith marked a distinct change in Andean history. In the
vicinity of Talara, from Tumbes to the Chira River, in the NW
part of Peru, Tertiary marine elastics including numerous
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turbidites accumulated in an active tectonic zone character-
ised by much normal faulting. This basin produces an
important part of Peru's oil. Shallower marine basins
occur along the coast at Sechura and Salaverry north of
Lima and at Pisco to the south. Further south, the
linear Moquegua basin between the rising Andes and the
coastal basement rocks accumulated extensive continental
Tertiary sediments.

In the Andean belt erosion of the emergent land
produced a prominent series of red continental elastics
and lake beds locally known as the Pocobamba, Casapalca or
Chota Formations in isolated elongate basins between the
Cordilleras Oriental and Occidental. In the major
Altiplano basin around Lake Titicaca, the thick Puno Group
elastics host some small oil accumulations in stratigraphic
traps. During the early Tertiary there was renewed
andesitic and basaltic volcanism along a line just to the
west of the principal Tertiary basins. Sedimentary and
volcanic rocks interfingers along this line which passes
to the west of Lake Titicaca and along the continental
divide NW past the latitude of Cerro de Pasco.

The Cordillera Oriental behaved as a positive
feature, the Maranon geo-anticline, shedding sediments
both to east and west, except in the extreme north where
the Maranon portal allowed a marine or brackish water
invasion during the Oligocene (Pozo Formation) to the
east. Otherwise, several thousand meters of continental
red beds accumulated between the geo-anticline and the
Brazilian shield, generally thinning eastward. In the
sub-andean belt these now form a series of sub-basins separated
by uplifts and arches. From north to south those are the
Santiago, Mayo, Huallaga, Pachites, Ucayali and Madre de
Dios. In the NW the major Maranon basin, extending south
from Ecuador, hosts several major oil discoveries and extends
into the Acre sub-basin of Brazil. Volcanism and plutonium
are negligible in the sub-andean zone and only minor in the
eastern Cordillera. The only igneous activity in the
Amazonian zone was of small alkaline (phonolitic) plugs and
their limited extrusive equivalents (Stewart, 1971). Three
feldspathoidal peralkaline plugs occur east of Pucallpa and
are post Miocene.

The Late Tertiary was marked in the Andean belt by
normal and reverse faulting, folding, tilting, intrusion of
stocks, sills, and dikes, and continued volcanic activity.
Although the folding in many places appears to have been
intense and isoclinal, it was probably superficial. Over-
turning and thrusting toward the northeast in the Andes of
central Peru may be an indication of decollement due to
vertical movements. Tertiary strata with structure more
complicated than that of the underlying Paleozoics and
Mesozoics are not unusual in the central part of the country.
Development of the modern Andes began with uplift in the
Late Tertiary. Normal faulting has been of major importance.
Intermittent periods of stand-still allowed the formation of
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several widely recognised erosion surfaces, some of which
are now conspicuously tilted. Rapid uplift has resulted
in very deep dissection.

In southern Peru volcanic activity has continued
until the present time. Rhyolitic pyroclastic flows
accompanied many eruptions but the dominant rock type is
andesite.

Metallogenesis

An excellent summary of the mineralisation and a
1:2:5 million metallogenic map has been produced by Bellido and
De Montreuil (1972).. The broad aspects of the metal distri-
bution pattern are summarised here and illustrated on Figure 9.

Precambrian basement rocks contain metamorphosed iron
rich sedimentary rocks (itabirites) near Moliendo. Pegmatites
containing small quantities of rare elements are also developed,

Paleozoic rocks contain strata-bound iron, copper and
zine deposits of volcanic-sedimentary origin which have
generally been considered as of "replacement" origin in the
literature. Outstanding examples are the iron deposits of
Marcona and the complex ore at Cobriza (Peterson, 1965).

Meosozic and later intrusives and volcanics of the
Andean belt have produced the majority of the ore deposits
either by introduction of metals or by interaction with metal
enrichment in older rocks. The porphyry copper deposits,
such as Toquepala, Fig. 10, on the Pacific Andean slope, are
disseminated sulfide deposits in often tourmaline rich breccia
pipes and intrusives cutting volcanic rocks of probable
Cretaceous age. Higher up in the Andes three parallel
polymetallic zones can be recognised (Fig. 9). A western
belt contains deposits dominantly in volcanic rocks, a central
belt deposits in sedimentary rocks and the eastern belt follows
the Cordillera Oriental. This last is distinctive in that
it contains tin as an extension of the Bolivian tin province
to the south.

The major base and precious metal mining region of the
Central Peruvian Andes hosts a great variety of ore deposits.
For example, (Peterson, 1965) at the Cerro de Pasco mine
high-grade oxidised or enriched silver-copper ores at the
surface gave way below to enargite-rich veins and irregular
ore bodies cutting a monzonite stock and a large pyrite-
silica body. This forms a massive replacement of Triassic
limestone at the contact of the stock and hosts major bodies
of lead and zine. Restriction of certain ore types to
specific horizons indicates that the original metal
enrichments took place by volcanogenic or syngenetic
processes within the Mesozoic sequence.

As well as the west to east zonation there is also
apparent a vertical zonation which can be summarised as:
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Height in meters Metals

4000-5500 Hg-Pb-Ag

3500-5000 Zoned Cu-Pb-Zn-Ag-Sb

2000-3500 Porphyry Cu deposits with Mo

0-1500 Simple Cu-Fe deposits

This pattern may reflect changes in mixed magmatic fluids
and ground water as they circulate from their source and the
intrusive heat source.

Mineral and Energy Resources of Peru

General Mining Law

The main points of the General Mining Law No. 18880 of June
1971, were as follows:

1. State ownership of all mineral rights on land
and under the sea up to 200 miles from the coast.

2. The State controlled company Minero Peru to become
the major Peruvian mining, refining, and metal marketing
company.

3. Minero Peru to become the only metal and mineral
marketing company for both international and local markets.

4. All copper refining to become a state-monopoly with the
smelting and refining of other metals and minerals to be the
State's prerogative.

5. Mining tax structure to be based entirely on the
profitability of operations.

6. A reinvestment allowance before tax of up to 40 per
cent of profits.

7. The creation of the "Communidad Minera" under which
the mining community (i.e., mine workers and dependants of a
given operation) receive 10 per cent out of pre-tax profits
(4 per cent in cash and 6v per cent in shares).

8. A provision for the creation of mixed mining companies
with a minimum state participation of 25 per cent and a norm
of 51 per cent.

This law has been modified in response to political and
world economic circumstances. The monopoly held by the State
minerals metals sales and exports company MINPECO (Minero
Peru Commercial) has been eliminated. Further, this company
and Minero Peru itself and Petroperu are to become limited
liability corporations similar to Centromin. Taxes on minerals
sales and exports, which provide the treasury with 10 per cent
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of its income, have been reduced from the general 17.5 per cent to
12 per cent for oil operations and large (>5,000 t/d) mining
companies, to 10 per cent for silver sold by medium-sized
(<5,000 t/d) mining companies and to 7 per cent for all other
minerals produced by medium-sized companies.

Minerals

The Peruvian mineral industry has been important since
Inca times. Silver, lead, and zinc were dominant until the
1960's when copper became the most important. Development of
oil reserves in the northern Amazon Basin since the late 1970's
has resulted in oil becoming Peru's largest export earner.

Coal and phosphate reserves are known. Table 2 summarises
the exports.

Metals

The mining industry was previously based on polymetallic
veins high in the Andean Cordillera, particularly around Cerro
de Pasco. The new copper porphyry deposits are exploited in
the Andean Pacific slope near Arequipa Production of copper
averages 350-400 thousand metric tonnes/year making Peru the
sixth largest producer. Two-thirds of the copper is produced
by Southern Peru Copper Corporation's Toquepala and Cuajone
deposits. The State organisation Minero Peru (Empresa Minera
del Peru) is expanding the other copper porphyrys particularly
the Cerro Verde/Santa Rosa complex near Arequipa.

Peru's output of lead (c.150 kt/yr) and zinc (c.470kt/yr)
usually puts it in fourth place for both metals and silver
production (c.l.4kt/yr) normally puts it in third place in
world production. The most important producer of these
metals is the State Organisation Centromin (Empresa Minera del
Centro del Peru) which controls the nationalised Cerro Corp,
Mines and the La Oroya smelter. This smelter/refinery
complex treats not only concentrates from its own mines but
also material from many of the other smaller mining companies
which operate in Peru. From the ores byproduct gold, bismuth,
seleniums, tellurium, indium, tungsten, antimony, cadmium,
copper, and sulphuric acid are produced. There are still a
large number of small to medium-sized mines and mining companies.
Gold output (3»9t/yr) is being increased, particularly placer
gold in the Madre de Dios area and mines in the Amazonas and
Huanuco areas, but is generally less than the 1960's output
of 4.5 tons/yr.

Iron

Peru has one major iron ore producer at Marcona, some
250 miles south of Lima near the port of San Nicolás, run by
the State organisation Hierroperu. The ore bodies occur as
massive magnetite replacements of calcareous rocks of the
Paleozoic Marcona Formation. Provde reserves are over
300 million tonnes of primary ore, together with 75 million
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TABLE 2

MINERAL PRODUCTION IN PERU - 1980

MINERAL

COPPER

LEAD

ZINC

SILVER

IRON

MINOR METALS

Bismuth 2*8

Cadmium 0.9

Indium 1„7

Tin 13.7

Molybdenum 28.9

Tungsten 10.1

Others 1.0

TOTAL MINOR METALS

Crude Oil 648.1

Refined
Oil

TOTAL OIL

TOTAL

TOTAL EXPORTS

203.2

U.S. MS

758.6
383.4

* 210.4
312,1
94.8

59.1

851.3

2,669.7

3,080.9

% TOTAL EXPORTS

24.6

12.4

6.8

10.1

3.1

1-9

27.7

86.6

(Exports quoted in millions of US dollars,
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tonnes of transition ore capped by 15 million tonnes of
oxides. Annual production is around 5.5 million tons
of iron ore. Main export markets are Japan, South Korea
and Brazil. Steel production by the State company Sider
Peru of 450,000 t/yr is insufficient for local demand and
steel bars and sheets have to be imported.

Phosphates

In the past Peru exported phosphate as guano from
offshore islands. Present production is negligible but
deposits of 600 Mt phosphate with 8 Mt potash and also
rock salt have been proved in the northern Sechura desert
near the port of Bayovar. A pilot plant has been
established as the basis of an eventual integrate'd metal-
lurgical complex to produce refined copper, lead, and
zinc as well as phosphates, potash, and rock salt. At
present the State company Probayovar produces 20,000 t/yr
of phosphate concentrate, sufficient to meet internal
demand. The possibility of extracting uranium from the
phosphoric acid has been considered and is discussed in
a later section.

Energy

In general power for the towns and industry has been
generated by hydroelectric plants and diesel generators
with a large number of small local generating stations.
In 1976 installed potential for electricity generation was
1397.3 Mw hydroelectric and 1027 Mw thermal with a production
of 5797.7 Gwh and 2113.4 Gwh respectively. The total
primary energy production in 1976 is summarised in Table 3.

TABLE 3

ENERGY PRODUCTION IN PERU - 1976

Hydroelectric

Natural Gas

Oil

Coal

Firewood

Vegetable Residues

Oil

Although small oil fields have long been developed in
various parts of Peru, it is only recently that Peru has
become a significant exporter. An oil field in the Lake
Titicaca Basin near Pirin was developed as early as 1875 and
was by far the highest oil field in the world - one well
started at 3,991 m., above sea level.

T Cal

6233

12.675
38.592

140

34.840

8.103

26
6.2

12.6

38.4

0.1

34.6

8.1
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TABLE 4

OIL RESERVES AND PRODUCTION IN PERU - 1979

OIL

A. PROVED RESERVES 1979, MILLION BARRELS

NE Coast - on shore

- offshore

Amazon

B* PRODUCTION, 1980, BBL/D

NE Coast - on shore

- offshore

Amazon

TOTAL

PETROPERU

173

187

PRIVATE

170

PETROPERU

27,500
—

27,500

55,000

PRIVATE

19,000

31,000

114,000

164,000 219,000
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Latterly oil production was chiefly from the Talara
and adjacent oil fields along the NW coast with some
offshore production. The oil and gas are in Tertiary
elastics, largely in stratigraphic traps. In the sub-
Andean belt small oil fields producing from Cretaceous
sandstones had long been known but recent large discoveries have
been made in the Amazon Basin north to the Ecuadorian border.

Production from these new fields is transported by two
feeder pipelines to a 100,000 barrel per day pipeline across
the Andes to the coast. Petroleum exploration, production,
and refining is controlled by Petroperu, formerly the Empresa
Petrolera Fiscal. Private companies, particularly
Occidental in the jungle and Belco in the offshore field
operate under contract licenses. Shell, Superior and Husky
are involved in negotiations about exploration or development.
About 60 per cent of the 219,000 bbl/d production is consumed
internally. Petroleum prices are low by world standard - the
price of motor fuel at the' time of writing was approximately
Sl.OO/gallon (U.S.). Table 4 details the reserves and
production.

Coal

Although coal deposits are developed along the Andean
belt there is no significant production. Table 5 details
the indicated and inferred reserves. Kopex of Poland in
conjunction with Minero Peru have studied the possibilities of
a 1.6 Mt/year mine supplying a 500 Mw station. Centromin
receives coal from the Goyllarisquizga mine where 54,000
tons were mined in 1930 yielding 19,000 tons of washed coal.
The company also plans to open up one of the Jatunhuasi seams
where three bituminous coal layers of high calorific value have
been located.

Hydroelectric Power

Only about 3.3 per cent of the presently technically
possible hydroelectric potential has been developed (Table 6).

To a large extent this is due to the majority of the
potential being on the more inaccessible and less populated
Atlantic side of the Andes. Active tectonics severely
limits the construction of large dams.
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TABLE 5

COAL RESERVES IN PERU

Deposit Million Tonnes
Indicated Inferred "Department

Oyon-Pampahuay

Gasuna

Other Areas

Carumas

Yanacancha

Pinipata

Cupisnique

Alto Chicama

Santa

Jatunhuashi

Tarica Sihuas
Conchuros

San Marcos Huallan- Anthracite
ca

Semi-bituminous/bitumin. 42

Semi-anthracite 26

Anthracite

Anthracite -

Bituminous -

Anthracite -

Anthracite

Meta-anthracite 150

Meta-anthracite/anthracite

Sub-bituminous

Anthracite -

Tumbes

Northern Amazon
Region

Sub-Total

T •?Lignite

Lignite

Bituminous

Anthracite

Lignite

100

3

25

50

24

300

250

60

80

50

100

42
176

127

883
100

Lima

Lima

Lima

Moquegua

Ca^amarca

Cajamarca

Cajamarca

La Tifhertac

Ancash

Junin

Ancash

Ancash/
Huanuc o

Tumbes

218 1,100
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TABLE 6

HYDROELECTRIC POWER IN PERU

HYDROELECTRIC POTENTIAL ' MW

Currently installed (1980) 1,921.9

Technically possible 58,000

Ultimate potential - Pacific 29,257

- Lake Titicaca 564

- Atlantic 176,287
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D. HISTORY OF URANIUM EXPLORATION

The 1933-1975 Period

Following the recognition of some radioactive mineral
samples from Peru a joint programme of systematic exploration
was organised in 1953 between the United States Atomic Energy
Commisssion (USAEC) and the Peruvian Junta de Control de
Energía Atómica (JCEA). The first phase involved the
examination of museum specimens and mill concentrates from
the great variety of mineral deposits of Peru. Over the
initial 4 year period this Project pointed to 17 mines as
potential sources of uranium and results appeared sufficiently
promising to warrant further investigation»

From 1957 the emphasis was placed on mine examination
and local reconnaissance. Of 236 mines and prospects examined,
20 revealed abnormal radioactivity and samples were assayed
for uranium. Mines at Syapullo, Cajamarca Department, and
the Vilcabamba area, Cuzco Department, were examined in greater
detail but no economic sources of uranium could be delineated.
Because of the bias to areas of existing metal mines this
exploration phase was concentrated on the western slope or
summit region of the Andes in areas of easiest access.

As numerous occurrences of uranium had been located, with
the termination of the mine examination phase, the exploration was
broadened to reconnaissance of areas favorable on geological
grounds. Small districts were selected by comparison with
toher known uraniferous deposits and investigation was
recommended of areas characterised by favorable structures
or lithologies. Units examined by- carborne reconnaissance, on
foot and visually from the air included continental sediments,
petroliferous marginal marine or continental sediments, lake
sediments in volcanic rocks, asphaltic and bituminous shales,
rhyolitic pyroclastis, granites and other felsic intrusives,
and metamorphic rocks. Several weakly anomalous localities
were revealed but no economic concentrations of uranium.
Results can be summarised as (Gabelman and Beard, 1962):

1. No anomalous radioactivity associated with favorable
structures.

2. No significant anomalies in continental sediments with
organic matter, particularly red beds.

3. No anomalies associated with the La Brea y Parinas oil
field in NW Peru or Pirin near Lake Titicaca. Slight anomalous
radioactivity was detected in hot springs and altered red beds
over the Aguas Calientes fields in the Amazonian region.

4. Upper Tertiary lake sediments of the Ayacucho basin and
another- small lake basin showed only slight enhanced radioactivity
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5. Only low syngenetic accumulations of uranium
in asphaltic and bituminous shales of a Cretaceous limestone
sequence exposed along the crest of the Cordillera Occidental
near Lima.

6. Three rhyolitic tuffs were found to exhibit up to
four times the background radioactivity: one at Quílmaná,
south of Lima, the second at Tambo Quemado near Nazca and
the last in the Ayacucho basin.

7. The coastal batholith was quite low in radioactivity.
Various intrusive stocks studied in northern Perú all gave
negative results. The white granites near the uranium
occurrences in the Machu Picchu area and other such Peruvian
intrusives along the eastern slope of the Andes were not
anomalously radioactive. However, pink granite bodies
cutting Permian rhyolites in a fairly narrow belt in the
Cordillera Oriental, were consistently radioactive to
about four times background. These are particularly at
Janchiscocha and San Ramon in Central Peru. Other slightly
anomalous radioactivity was noted with felsic intrusives
at Cerro Pucaranra near Ayacucho and the Cerro Verde copper
porphyry near Arequipa. The Abra La Raya diorite stock
cutting Tertiary red beds between the Cuzco and Puno areas
is uniformly three to four times the background radioactivity.

8. The contact zones of the Coastal batholith and other
intrusives were studied in several areas but with negative
results. Regionally metamorphosed rocks of the Precambrian
of the southern coastal basement (Arequipa massif) were examined,
Only small concentrations of radioactive minerals were found
in a lens of granitic gneiss and in granitic pegmatites of
the Pampacolca area.

Following the end of the joint program the JCEA
continued limited gologicál reconnaissance and to monitor
development at mines with some associated uranium. Technical
assistance was received from the French CEA in 1959 and 1968
on improved geochemical analyses and exploration. Assistance
was also received from the Atomic Energy Commission of the
Federal Republic of Germany in 1967 who re-examined the Vil-
cabamba area near Machu Picchu, Cuzco and from the USAEC in
1965. No significant new discoveries resulted from this work.

During 1971 and 1972 limited-scale radiometric fixed-
wing airborne surveys were conducted under the technical
guidance of the IAEA in the Cuzco, Tacna, Moquequa, and lea
areas (Fig. 11). Areas flown included the Vilcabamba area
but the rugged terrain and other problems made interpretation
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Pig. 11 —Completed Aerial and Geochemical Projects in Peru
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of the results difficult. No significant new anomalies were
localated and exploration was generally at a low level.

The Post 1975 Period

In 1975 the general uranium and nuclear activities in
Peru were placed under the control of the Instituto Peruano
de Energía Nuclear (IPEN). Uranium exploration was carried
out and regulated by the Raw Materials Division of IPEN. A
five year plan (1976-1981)(Plan Nuclear del Perú) was initiated
with the aims, in the uranium field, of identifying the uranium
potential of the country and developing the resources.

In 1976 the Signal Oil Company, then a Burmah Oil
of the United Kingdom subsidiary but subsequently Aminoil
of the USA was granted permission to explore for uranium in
conjunction with OPEN. In contrast to much of the previous
work the exploration was directed to the continental Mesozoic
and Tertiary sequences of the subandean belt and Andean Basin.
This work had been prompted by the oil companiesf exploration
for oil in the region and consideration of the similarities
of the geological situation to that in other parts of South
America, particularly Argentina, Bolivia, and Colombia, where
uranium occurrences and deposits had been located. Reconnaiss-
ance exploration by personnel from the Institute of Geological
Sciences in the U.K., acting for Signal in the period August
to November 1976, used carborne reconnaissance, hydrogeochem-
istry and examination of oil well logs to examine the region
(Michie, 1976). Although geological features were found
indicative of some uranium potential and some water samples
contained enhanced values generally negative results were
obtained. A weak radioactive anomaly partly due to uranium
was located in an upper Tertiary tuffaceous sandstone unit
near the Brazilian border. Source of the radioactivity was
thought to be Neogene peralkaline subvolcanic instruives in
the area. Other weak anomalies were associated with syngenetic
occurrences in black carbonaceous shales and pale phosphatic
units of the Cretaceous sequence.

Also over this period an IAEA uranium expert from
Argentina visited Perú and assessed the uranium potential of
the country based on the morpho-structural units discussed
previously. This was initially a bibliographic reassessment
based on favorability parameters shown in Tables 7 and 8. An
IAEA publication (Sosa et al., 1981) summarizes the study and
presented a map, reproduced here as Fig. 12, showing the
morpho-structure units of the country rated into first, second
and third, and fourth priority. Generally, the subandean belt,
the Puno basin and parts of the western Cordillera, including
some Tertiary basins, were rated in the first priority.
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Fig. 12. Map Showing Assigned Priority Areas for Uranium Exploration (IPEN)
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TABLE 7

FAVORABILITY PARAMETERS - SEDIMENTARY ROCKS

PARAMETER

Depositional

Environment

Lithology

Sedimentary-
Structures

GEOLOGICAL-URANIUM

Continental -

Marine
-

Rock type

Permeability

—

Cross bedding

Channels

Normal

FAVORABILITY

Fluvial

Deltaic

Eolian

Lacustrine

Marginal

Deep

Conglomerate

Sandstone

Shale

Biochemical

Evaporite

No matrix,
friable

Cemented,
non-friable

VALUE

0.2

0.2

0,2

0.15

0.15

0.05

0.2

0.2

0.05

0.05

0.05

. 0.2

0.05

0.01

0.01

0.05

MAXIMUM
TOTAL VALUE

0.2

0.4

0.1

Reducing
Agents

Carbonaceous material
- (leaves-, trunks)

Layers of carbon or bitumen

Pyrite (H2S)
0.1 0.2

(Continued)
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TABLE 7 (Continued)

PARAMETER GEOLOGICAL-URANIUM FAVORABILITY VALUE TOTA^VALUE

Alteration - discoloration

- limonitization/ 0.1
hematitization

Regional Unconformity 0.05 0.1
Structure

Faults/fracture 0.03

Dip 0-20° - low 0.05

20-45° - moderate 0.02

45-90° - high 0.00

MAXIMUM FAVORABILITY RANKING 1.0
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TABLE 8

FAVORABILITY PARAMETERS - IGNEOUS AND METAMORPHIC ROCKS

PARAMETER

Environment

Lithology

Structures

Reducing Agents

Associated
Minerals

GEOLOGICAL-URANIUM FAVORABILITY

Intrusive
Volcanic
Metamorphic

Acid Igneous
Intermediate Igneous
Basic Igneous

Low-grade Metamorphic
High-grade Metamorphic

Unconformity-
Fault
Fractures and Brecciation
Tuffs and Pyroclastics

Pyritization
HpS/Oxidation
Known U Anomalies

Paragenetic Association of U
with F, N.-Co, Ag, Cu, etc.

MAXIMUM FAVORABILITY RANKING

VALUE

0.2
0.2
0.1

0.3
0.2
0.05

0.1
0.05

0.1
0.05
0.1
0.1

0.1
0.1
0.2

0.1

MAXIMUM
TOTAL VALUE

0.2

0.3

0.2

0.2

0.1

1.0
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From mid-1977 a long term UNDP/IAEA Project was initiated
with IPEN-Programme II, Exploration and Development of Uranium
Resources. For this program regional reconnaissance was initiated
over the priority regions established by the favorability para-
meters previously discussed. In particular the subandean belt
and Amazonian lowlands were re-examined. Results of the work
have also been summarized recently (Capena and Rosado, 1981).
As had been noted previously (Michie, 1976), no significant
radiometric anomalies were discovered in the continental sediments,
Also, four geochemical projects (Fig. 11) failed to discover any
significant uranium anomalies.

However, continued carborne reconnaissance in the Puno
basin and surrounding area led to the discovery of several
anomalies and some uranium mineralization. An important dis-
covery was an area of uranium mineralization near Macusani in
the southern Cordillera Oriental, north of Lake Titicaca (Rogovich
and Salazar, 1978). Anomalies were found over volcanic and
interbedded sediments of the upper Tertiary Macusani volcanics
and Permian Mitu Group. This latter group is intruded by the
Macusani alkaline complex which include nepheline syenites,
foyaites and lardalites (Francis. 1956).

In this same exploration phase further anomalies were
located further to the SSW near Santa Rosa. Porphyritic rhyolites
and andesites overlying the Devonian were found to be generally
radioactive and to contain secondary uranium minerals in small
fractures (Valencia, et al., 1978). A small radioactive anomaly
was also present in Cretaceous sandstone channeling down into
the volcanics.

These and other discoveries in the Lake Titicaca region
concentrated exploration in the general area. A helicopter
borne spectrometric survey of selected areas was carried out by
Hunting Geology and Geophysics Ltd. in 1980 for the IAEA/IPEN
Project in Munani, Lagunillas and Rio Blanco area (Fig. 11).
Further, a fixed wing survey in an adjacent area was carried out
in parallel by IPEN. Numerous anomalies were discovered and
are in the process of being examined and assessed. Annual
uranium exploration expenditures by IPEN are tabulated in
Table 9.

- 46 -



TABLE 9

URANIUM EXPLORATION DATA

Year Surveys (Km ) Drilling Expenditures

(a) (b) (c) (d) (e) Meters No. U.S.ft

Pre-
1975 10,900 103,000 6,000 0.15 1,500 5

100 97,370

1975 105 16,000

35 17,000

1976 400 35,000

34,000

156,000

99,000

176,000

309,000

1977

1978

1979

1980

(a)

(b)

(c)

(d)

(e)

*

200

58,000

700

Aerial radiómetrie

Reconnaissance

Carborne

Geochemical

Detailed

Does not include IAEA or UNDP expenditures
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E. OCCURRENCES OF URANIUM

Introduction

Known uranium occurrences in Perú are sparse and many
of the "so-called" occurrences are merely anomalous areas
registering 2-3 times the background count of adjoining rocks
with no visible uranium minerals. Most of the occurrences have
been known since the 1950s and early 1960s and were examined by
Gabelman and Beard who concluded that "none of these occurrences
are exploitable under present world-wide market conditions".
The details and results of their work are summarized in a USAEC
Report - RME-4581, (Gabelman & Beard, 1962). Uraniferous local-
ities identified are shown on Fig. 13. The authors classified
the occurrences based on the types of associated minerals and
rocks into seven categories as follows:

1. Uranium minerals in epigenetic metal deposits.

2. Traces of uranium in epigenetic metal deposits.

3. Isolated indications of epigenetic uranium.

4. Radioactive hot springs.

5. Uranium and thorium in pegmatite.

6. Other syngenetic uranium disseminations in rocks.

a. granites

b. other intrusives

c. rhyolitic pyroclastics

d. bituminous shales

7. Areas of high background radioactivity.

These occurrences are listed in Table 10 in the seven
categories and are keyed to Fig. 13.
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CHILE

FIGURE 13. Uranium occurrences in Peru-Gableman and Beard, 1962
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TABLE 10

URANIUM OCCURRENCES IN PERÚ

(Gabelman & Beard)

1.
2.
3.
4.
5.
6.

CLASS I
URANIUM MINERALS IN

Sayapullo
Ollanta
Santa Rosa, Sumbiloo
Colquijirca
Restauradora
Vulcano No. 1

METAL

7.
8.
9.
10.
11.
12.

MINES

Puntarayoc )
MInasmayo )
Huamanapi )
Negrillas )
Huashuac o cha)
Jesus Maria

Vilcabama
area

CLASS II
TRACES OF URANIUM IN METAL MINES

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Sinchao (Hualgayoc) *
Parcoy
Chiquian *
Nino Perdido
Estela
Cerro de Pasco
Huaron
Pichu
Virgen del Perpetuo Socorro
Alejandría

23.
24.
25.
26.
27.
28.
20.
30.
31.
32.

Morococha
Huanta area *
Buena Suerte
Eliana
Azurita )
Cabeza de Negro)
Mayo )
Lares *
San Francisco *
Cercana *

lea area

CLASS III
EPIGENETIC URANIUM SEPARATED FROM OTHER METALS

33.
34.
35.
36.
37.
38.
39.
40.

36.
39.
40.
49.
50.

Tucume *
Mocupe *
El Sol Naciente
Aqua Caliente *
Abra Carpish *
Oxapampa
Churin
Carhuacayan *

CLASS IV
RADIOACTIVE HOT

Aqua Caliente *
Churin *
Carhuacayan *
Banos del Inca
Chancos

41.
42.
43.
44.
45.
46.
47.
48.

Chaullay *
Huayonay *
Corihuairachine *
Querocancha *
Cuzco - Anta *
Sicuani *
El Vado *
Rio Viluta *

SPRINGS

51.
52.
53.
54.

Calca *
Cuyu-Cuyu *
Yura *
Gammas *
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TABLE 10 (Continued)

URANIUM OCCURRENCES IN PERU

CLASS V
URANIUM AND THORIUM IN PEGMATITES

55. Pampacalca

56.
57.
58.
59.

64.
65.
66.
67.
68.
69.

70.
71.

CLASS VI
SYNGENETIC RADIOACTIVE MINERALS IN ROCKS

Granites
San Ramon *
Janchiscocha
Cerro Pucaranra *
Cerro Verde *

N Black Shale
Perla Negra
Brillantina
Diamantina-Sillapato
Pomacocha
Yacsacocha
Dollar

61.
62.
63.

60.

Rhyolites
QuiImana *
Avacucho *
Tambo Quemado

Other Intrusives
La Raya

CLASS VII
AREAS OF HIGH BACKGROUND RADIOACTIVITY

Rio Higueras *
Ocongate area *

72.
73.

Rio Marcapata *
Rio Sandia *

ANOMALIES ONLY
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In 1980, these occurrences plus the few identified
in later years were reclassified by IPEN on the basis of host
rock, age, associated metal and mode of occurrences. These
occurrences and their classifications are shown in Fig. 14.
The new occurrences discovered in southeastern Perú, Nos. 45
and 46 on Fig. 14, are found in the vicinity of Macusani and
Picotani. All of these occurrences occur in pyroclastics
and interbedded sedimentary host rocks of late Tertiary age.
A more detailed description is given in Section F, IUREP
Mission Field Reconnaissance, southern Perú.

Uranium Occurrences in Tertiary Volcanics

In the opinion of the IUREP Orientation Phase Mission,
the development of any significant uranium resources in Perú
is most likely to be in Tertiary volcanics and related sediments
With this in mind the Mission has briefly summarized the known
occurrences in this type of environment. These occurrences
have been referenced to those shown in Fig. 13.

No. 4 Colquijirca, 10°45!S, 76°15!¥. Replacement deposit
in folded Calera Formation of Tertiary age with silver,
zinc, and lead and minor enargite, luzonite, pyrite,
chalcopyrite, covellite, and uraninite. Sporadic
uraninite is associated with chert.

No. 6 Vulcano, No 1, 13°09!S, 75°06f¥. Vein in volcanic
breccia with Pb and Ag in barite. • Selected samples
up to 0.5% U^Og.

No. 12 Jesus Maria, i6°10fS, 70°26!¥. Vein in volcanic
breccia in area of Tertiary andesitic flows and tuffs.
Mostly lead with minor sphalerite, pyrite, chalcopyrite,
tetrahedrite, tennantite, iron and copper oxides.
Anomalous radioactivity in mine and on dumps.

No. 13 Sinchao (Hualygayoc) 6°46fS? 78°38
TW. Chalcopyrite

and enargite in massive pyrite in breccia pipe of
rhyolite extrusive centre near diorite stock.
Probable minor uraninite associated with copper.

No.- 17 Estela (Parag.), 10°43fS, 77°05fW. Fractured,
altered Quaternary-Tertiary volcanics with some
silicification. Mostly copper and molydenite with
minor magnetite, arsenopyrite, pyrite, quartz and
uraninite.

No. 23 Restauradora, 12°55fS, 76°01T¥. Host is altered
Tertiary volcanics, two zones of uranium mineralization;
one associated with old cinnabar workings, the other
with the galena body.
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No. 47 El Vado, 14°37!S, 74°17!¥. Arr area near Tambo
Quemado. Miocene (?) felsic pyroclastics and mafic
volcanic flows have been block faulted - pyritized
and silicified joints are anomalously radioactive.

No. 48 Rio Viluta, 17°5!S, 69°41'¥. Small lacustrine basin
interbedded with Tertiary felsic volcanic sequence.
A permeable Miocene or later sandstone bed is locally
radioactive up to 3 times background. Silicification,
pyritization, oxidation and leaching are apparent.

No. 61 Quilmana area, 12°50fS, 76°24?¥. A single 10 m thick
upper Tertiary rhyolotic tuff in a sequence of block
faulted rhyolitic tuffs is uniformly and consistently
radioactive up to 4 times the area background for
at least 200 meters along its outcrop.

No. 62 Ayacucho basin, 12°52! - 13°00fS,' 74°20T¥3 An area
between Huanta village and the Rio Mantaro. Huanta
is 20 km north of Ayacucho city. Rhyolitic tuffs
and other fragmented water-laid pyroclastics and
bentonitic clays are generally 2 to 3 times the
background outside the area investigated.

No. 63 Tambo Quemado, 14°4O! - 14°45TS, 74°22! - 74°30f¥.
Late Tertiary volcanics, consisting of lower rhyolitic
tuffs arid upper mafic flows rest on erosion surface
(Puna). All of the tuff is uniformly radioactive to
about 3 times the background outside the area.
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F. IUREP MISSION FIELD RECONNAISSANCE

To assist in the evaluation of the uranium potential
of Perú, three field visits were arranged after a review of
the geology, potential uraniferous formations and known uranium
occurrences. These brief field trips were organized in
collaboration with IPEN under the general management of the
LAEA program. Such field examinations were not exploration
but an adjunct to the information available to allow a better
estimate of the uranium potential and permit an assessment
of the known occurrences and,recent discoveries. For the
geological base the 1975, 1:1 million map was generally used
/Bol. 28, 19777 but also, where available, the 1:500,000
maps produced~under the joint ORSTOM/INGEMMET program /Megard,
1979; Laubacher, 19777. Three trips were arranged as general
transects in northern, central and southern Perú to cover,
within the time available, relevant aspects of the geology
and uranium potential. Location of the traverses is shown
schematically on figure 15 and the itineraries are summarized
in Appendix E, so that the routes can be viewed from the
geological and road maps. The more important aspects of the
field observations made are summarized in the next three sections
Internal IPEN reports consulted are listed after the reference
list for the unit in the same sequence as the areas were
examined.

Northern Perú

Following a drive north from Lima to Chiclayo on the
Panamericana highway the anomaly reported by Gabelman (1962, p56)
at Cerro Tucume was visited. This was a low hill, projecting
through the recent plain, of rhyolitic volcanics. Only low
level radioactivity (8-12 R/hr) was noted.

The Precambrian basement exposed east of Olmos was
of gray low-grade schists with quartz veins similar to the
Belt series of the U.S.A. All was uniformly low in radioactivity
(10-12 R/hr) and could not be regarded as a potential source
of uranium. Tertiary volcanic-sedimentary sequences are
mapped as resting on the Precambrian but no indication of
enhanced radioactivity was observed. From the nature of the
volcanism (intermediate) and the Precambrian basement,
uranium concentration is considered unlikely.

Further east of Jaen the maring Jurassic and Cretaceous
sequence was traversed. No uranium potential for these units
is likely. In the subandean belt areas around Moyobamba-
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Tarapoto the steeply dipping Jurassic Sarayaquillo sandstone
was examined. This medium- to fine-grained unit was nearly
all dark red with rare grayish-green shaley interbeds. Radio-
activity was uniformly low and no potential for uranium could
be considered for this or for the thick lower Cretaceous
conglomerate which appeared remarkably similar to the white
Dakota sandstone in the western U.S.A.

Around Bagua a basin of Tertiary red beds appears
conformably to overlie the Cretaceous. The sediments are
uniformly dark red with a muddy matrix. Although channel
sandstones are present, no enhanced radioactivity was discov-
ered even around traces of organic debris. An interbedded
white tuff unit some 6 m thick also exhibited no increased
radioactivity either internally or in the overlying cross-
bedded sandstone with pebble units and shales. These negative
indications suggest that there is no significant uranium
potential in the Tertiary volcanic-sedimentary sequences in
this northern sector of the eastern Cordillera.

In the subandean belt the Tertiary sequence was
thoroughly oxidized and generally muddy. Sandstones become
more abundant higher up in the sequence. The general aspect
was of a marginal fluvial/marine sequence deposited at or
near sea level in a transgressive/regressive sequence.
Volcanogenic debris was normally of basic aspect and no
enhanced radioactivity was noted.

Westward, back across the Cordillera Oriental, a
Paleozoic granite intruding the Precambrian was found to be
not anomalously radioactive. An overlying arkosic sequence
of the Permo-Triassic Mitu Group was not significantly more
radioactive even though it contained abundant conglomeratic
debris of acid volcanic material.

Near Celendin thick Upper Tertiary white tuffs rest
on Cretaceous volcancis. The intermediate tuffs contain
abundant abundant fragments of the Cretaceous limestone,
shale and sandstone. All radiometric values are very low.
At the Michiquillay porphyry copper deposit' in this area
no elevated radiometric values were noted. In the Cajamarca
area the Tertiary tuffs and tuffaceous sandstones all had
low radiometric values. Hot springs in this region (Bahos
del Inca) were not particularly radioactive (30-35 R/hr).
These were depositing travertine and the lack of any abnormal
radioactivity confirms the general low uranium content of the
volcanics.
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Central Perú

For this region the modern map and bulletin of Megard
(1979) was very useful. Inland from Lima, up the Rimac
valley, the end Cretaceous-Lower Tertiary red beds of the
Casapalca Formation were well exposed,, The sandstones, mud-
stones and conflomerates were all dark red and low in radio-
activity. The presence of a marine microfauna (Fig. 16)
even in these apparently continental beds indicates their
deposition near" sea level in a marginal marine environment.
This would allow a thorough flushing of the system while
there existed a significant porosity. Over most of the region
the red bed sequence conformably follows the marine Cretaceous
and there is only locally a slight discordance on the Upper
Cretaceous. No uranium potential appeared to be present.

Further east, over the Continental Divide, Permo-
Triassic (Mitu) red beds were examined in the Yauli Dome.
These sediments were coarsely conglomeratic with clasts
mostly volcanic, over 30 cm in size, pyroclastic rich sand-
stones and a fairly steep dip. All radiometric readings
were low and the sequence had been thoroughly oxidized. The
presence of interbedded marine carbonates (Megard, 1979,
Fig. 19) indicates deposition close to sea level with marine
connection and the possibility of marine flushing of the
system.

Beyond Tarma, in the eastern Cordillera, white feld-
spathic granites were very low in radioactivity» Further
north the pink to red San Ramon batholithic granite produced
more normal radiometric values (25 to 35 R/hr). However,
even in fault and hematite filled breccia zones, there was
no enhanced radioactivity indicating a lack of mobilized
uranium and the probable fixation of uranium with thorium
in resistate accessories.

Overlying the granite was the Mesozoic sequence and
this, as before, was devoid of significant uranium potential.
Northwards, no clasts of granite were noted in the conglomer-
atic red Cretaceous sequence. Coarse upper Tertiary to
Quaternary sediments of the La Merced Formation (Fig. 17,
taken from the Metal Mining Agency report, 1979) appear to
have been deposited in a small, partly lacustrine, basin
against the granite ridge. Dips were often high and may
reflect an original sedimentary feature. Some units were
muddy and partly calcareous of grey to green color with no
visible red units. No enhanced radioactivity was noted and
it was concluded that there was no significant potential.

- 58 -



Fig. 16

Tertiary Red Beds-Central Perú

Lithology and distribution of the Cretaceous-Eocene red beds in the Cordillera
Occidental and the Altiplano of central Peru. (From Megard 1979 Fig 51)
1. Red beds (conglomerate sandstones, shales and minor calcareous intercala-
tions), 2. fault contacts, 3. concordant base of the red beds, A discordant base
or the microfauna, 6. occurrence of charophytes, 7. location of volcanic inter-
calations and 8. paleocurrent directions.
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West of Oxaipampa (Fig. 17) the volcanic complex resting on
and intruding the granite batholith was investigated. This
is generally a dacitic to rhyolitic sequence with some
intrusive breccias. No enhanced radioactivity was noted
and all values were less than the granite readings.

In the Oxapampa area a limited geochemical reconnais-
sance (Arroyo, 1980) involved the collection of stream sediment
and water samples at 435 sites. The area concerned includes
a restricted area of Precambrian metamorphic rocks, which
host a small uraniferous showing at Cateo San Alberto. Gabel-
man and Beard (1962, p. 60) examined the occurrence and
recorded disseminated uraninite with sulfides in a shear
zone in phyllite. Pennain sediments in the Mitu Group are
faulted against the metamorphics to the east and these are
faulted to the west against Mesozoic sediments of the Pucará,
Oriente and Chonta Groups succeeded by the Tertiary Lantorache
volcanics. A Tertiary granite intrusive cuts the volcanics
and Pucará Group. All geochemical results are low with a
maximum of 1.26 ppb U in water and 10 ppm U in stream sediments.
However, the geochemical results did show up the known prospect
by weak anomalies and discovered enhanced values around the
old lead mine of La Polio within the Pucará Group. Intensive
ground exploration around the original showing did not indicate
any economic potential in the area and these geochemical
results similarly do not indicate any concealed occurrences.

Eastwards en route to Satipo the granite contact with
the Jurassic red beds was examined and no enhancement noted.
Further east the thick basal Cretaceous conglomerate forms
impressive canon walls over 50 m high, overlain by red mudstones
and stiltstones. Granite clasts are present within the con-
glomerate but produce no enhanced radioactivity. Generally
the conglomerate is well cemented, lacks shale interbeds and
has low porosity. It represents the Cretaceous marine trans-
gressive sequence and appears to have no uranium potential.

In the Satipo area, a fault-bound block of the Mitu
Group (?) was examined. This contained volcanic clasts, had
low radioactivity and appeared to be overlain by a limestone
sequence. A marine limestone unit (Pucará Group) was evident
above the Mitu in most of the regions examined in Peru and
thus there may have been a thorough flushing of the red bed
system with loss of any contained uranium.

Southeast from Satipo to Mazamari the Jurassic Saraya-
quillo sandstone is a hard, light reddish sandstone of fine-
to medium-grain size. This highly quartzose, well cemented
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well cemented unit was well indurated and of moderate dip
with no apparent uranium potential. Beyond Mazamari, outcrops
of the soft Cretaceous-Tertiary red "beds of the subandean zone
showed a dominantly muddy sequence. Rare, thin gritty horizons
were volcanogenic and all radiometric values low. Depositional
environment appeared to be well removed from a basin margin
and there was no apparent uranium potential.

Westward across the Cordillera Oriental the Paleozoic
granite to granodiorite intrusive was uniformly low in radio-
activity and did not present an obvious source rock for uranium.
The small Andamarca basin of Upper Cretaceous-ate Tertiary
continental sediments resting on the granite could not be
visisted but may not thus have much uranium potential as,
additionally, the sediments are probably marginal marine.

South of Huancayo the Mitu Group outcrops extensively
at the Puna erosion surface at around 4200 m. Conglomerates,
as before, were generally volcano-clastic; sandstones were
often fine-grained, muddy and well cemented. All the sequence
was thoroughly oxidized and low in radioactivity. These features
and the tectonic aspects combine to remove all sedimentary
uranium potential from the Group. Beneath the Mitu a slatey
Paleozoic and then a basic green schist Precambrian sequence
were exposed. All were geosynclinal and with no uranium
potential.

In the Ayacucho basin, the coarse Tertiary conglomerates
of the basal Tertiary sequence near Chürcampa were well exposed.
This basin rests directly on Paleozoic basement to the NE and
had been considered as a potential uraniferous district
previously (Gabelman, p. 80). In the section exposed, deposition
had taken place in a valley against rhyolitic hills to the
east. Interbedded rhyolites were uniformly low. Gabelman
(p. 80) notes that radiometric values for water laid ash, tuff
and bentonitic clays in the adjoining Huanta area were "2 to
3 times the background outside the area investigated".

Around Ayacucho, andesite, dacites and white tuffs
exhibited only low radiometric values as did reworked tuffs
and sediments. Further east, in the Cerro Pucaranra district
studied by Gabelman (p. 77), the mapped granite was found to
be a high level hypabyssal to extrusive complex in the volcanic
sequence with only normal to slightly enhanced radiometric values.

In the South, in the Congallo village, red beds mapped
as Permian Mitu Group overlying Paleozoic granite were found
to be Tertiary red beds overlying and interbedd'ed with white
tuffs and reworked tuffs deposited against acid volcanic
domes. Within the reworked tuffs lenticular radiometric
anomalies were developed erratically. Individual anomalies
had dimensions of around 5 m length by 30 cm thick and an
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equivalent uranium content of around 250 ppm U. At Cojigallo
village a secondary, recent, anomaly is present in travertine
developed against lavas and tuffs. This may indicate leaching
and migration of uranium from a more uraniferous volcanic
sequence of the area, overlain and concealed by a more basaltic
upper sequence.

Southwest from Ayacucho a minor occurrence of secondary
uranium minerals (Torbernite/metatorbernite) is present in
granite rocks within the volcanic sequence. The nature of the
granite complex is uncertain but it could be a high level
extrusive with some ill defined bedding. Secondary uranium
minerals are only developed in a road cut over about 4 m.
length but the granitic unit contains slightly enhanced values
over several kilometers in a direction towards the Congallo
anomalies.

From the Ayacucho basin across to Huancavelica generally
low radiometric values were recorded in the Mesozoic to Tertiary
volcanics, intrusives marine sediments and red beds. Fragmenta!
andesites near the head of Lake Choclococha were slightly
radioactive but were not anomalous for a slightly acid rock
type. Beyond Huancavelica near vertical Tertiary red beds
were dominantly carbonate rich mudstones with muddy sandstones,
all of low radiometry and no apparent uranium potential.

On the return to Lima a detour to the alaskitic Janis-
cocha granite showed that no real radioelement concentration
was present. All radiometric values were low and variation
could all be explained by variation in potash content. No
uranium mineralization was observed associated with the molyb-
denite mineralization.

Southern Perú

From the recent discoveries and exploration it was
considered that southern Perú contained the majority of signif-
icant uranium occurrences in Perú. However in the limited
time available only a selected number of these could be
visited. These were chosen to represent the more promising
regions of greatest potential. The area is normally discussed
as the Puno district around the Lake Titicaca basin but
structurally the most promising area of Macusani-Crucero-
Picotani lies northeast of that region on the eastern Cordillera,

Following carborne and on foot reconnaissance an
IAEA funded helicopter borne spectrometric survey of selected
districts (Figs. 18 and 19) had been performed in 1980 and
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results are still being evaluated. A fixed-wing surveyof
an adjoining area (Langui) had also been performed in the same
year by IPEN but there has been problems with data interpre-
tation.

In the IUREP field visit, the initial excursion was
to the Rio Titire area south of Puno. Within the volcanic-
sedimentary Pichu Formation (Fig. 20) of the Oligocene sequence,
radioactive fossil tree trunks had been discovered. Where
examined, those were present in a fine muddy sequence. The
logs were erratically radioactive and ,even adjacent logs
differed markedly in radioactivity. At best one log, 15-18 cm
in diameter, contained visible metatorbernite in an outer
carbonaceous portion with an average content equivalent to only
around 200 ppm U. An adjacent more silicified log contained
only copper secondary minerals and was not radioactive. No
enhanced radioactivity was found elsewhere in the surrounding
sediments. As shown on Fig. 20, the Pichu unit interfingers
and is overlain by the dominantly volcanic Tacaza Formation.

White tuffs within these units were slightly anomalous
containing the equivalent of 10-35 ppm U. These are thought
to be the source of the uranium fixed by the carbonaceous
material. Porous sandstone units of fluvial origin were not
particularly well developed in the examined part of the succession
and the general potential for uranium was thought to be low.
Closer to Puno within the equivalent Puno Group, red bed copper
occurrences in the region were not accompanied by enhanced
radioactivity. Southeast-wards into Bolivia the equivalent
Corocoro red bed copper occurrences do have very minor assoc-
iated uranium.

North from the Titicaca basin (Fig. 21) the Macusani
area, originally described by Francis (1956) was examined. In
this region the Macusanite volcanic glass and volcanic rocks
had been examined. • In this region the Macusanite volcanic
glass and volcanic rocks had been examined by Barnes et al.
(1970) who reported, high radioelement concentrations in anda-
lusite from the recent pyroclastic units (sillar). Their
results were of 53.1 ppm U and 40.5 ppm Th in the andalusite.
Lead isotope studies indicated particularly high Pb-208
concentrations, higher than could be accounted for by the
decay of the thorium and suggesting an association with a
high concentration thorium-bearing system. One of the radio-
metric anomalies located in the region was in the vicinity of
the likely location of their analyzed samples. Whole rock
surface samples contained up to 342 ppm U and 315 ppm Th by
gamma spectrometry indicating a source for the radiogenic lead
in the andalusite. Examination of the anomaly just beyond the
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bridge over the Macusani River north of the town showed it
to be small and erratic. The main anomaly is of a more
easily weathered horizon within the coarse pyroclastic unit
some 1.5 m thick and 30 m long but with an irregular upward
extension above the maximum anomaly for some 10 m. The
friable porous rock contains rock fragments up to about 6 cm
across and well developed crystals in the white ignimbritic
ground mass of black and white bipyramidal quartz, black biotite
and andalusite and white feldspar (sanadine). It was considered
likely that the uranium and thorium had both been concentrated
in the magmatic fluid phase which had been quenched on extrusion.
Subsequent weathering and leaching particularly by alkaline
groundwaters are apparently able to mobilize the uranium,
leading to the formation of separate uranium minerals, partic-
ularly meta-autunite on weathered surfaces. Examination of
the locality where the majority of the loose debris of volcanic
glass (macusanite) had been located showed that it was not
noticeabl radioactive.

Further north on either side of the canon walls of the
Rio San Gaban (Pig. 22) the more extensive anomalies of
Huiquiza I and II were examined. Huiquiza II is reasonably
well exposed on the east wall and consists of a fluvio-lacustrine
unit between two pyroclastic units. Thickness of the sedimentary
unit varies markedly from less than 1 m to over 5 m and the
surface anomaly is present over a length of about 200 m. The
sedimentary unit forms a natural spring line and is partly
soil covered. Radioactivity appears to be concentrated at
three levels but only the upper horizon is well exposed. This
forms the upper 20 cm of a 50 cm coarse sandstone uni-t above
an impermeable mudstone. Silicification determines the lower
limit of the active unit and meta-autunite is developed within
the porous section. General activity corresponds to only
200-300 ppm U but values of up to 4,000 ppm U are reported,
probably from obviously enriched samples.

On the other, western, side of the valley the corres-
ponding horizon does not exhibit markedly anomalous radioact-
ivity although this may partly be due to soil cover. However,
slightly higher up the succession at a break in the volcanic
sequence another horizon is mineralized. Thickness of the
more porous mineralized unit is about 1 m with general uranium
values over 100 ppm U equivalent. In fractures and weathering
surfaces significantly higher values over 2,000 ppm e U are
present. A few fractures contain minor pitchblende altering
particularly to uranophane, gummite and meta-autunite but
these are not extensively developed. Length of the mineral-
ized zone is about 180 m and is apparently lenticular, dying
away to the southwest. Other anomalies are developed within
the Macusani volcanics but all appear to be lenticular of
similar small dimensions or confined to fault zones.
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Northwards the Tertiary volcanic sequence is faulted
against the Permo-Triassic Mitu sequence (Fig. 21). In this
region this is a 2,500 m thick, dominantly volcanic group with
only minor sediments. Radiometric values were generally
elevated corresponding to equivalent uranium values of 20-35
ppm U and with anomalies in joint and fracture zones corres-
ponding to over 100 ppm eU. An intrusive nepheline syenite
into the volcanics has lower values but one small roadside
anomaly was over 150 ppm eU. Further northeast the Hercynian
granites are reported to be radioactive. Labile uranium values
up to 200 ppm U have been determined and anomalies are present
in zones of alteration related to fracturing. These granites
may be in part the sub-volcanic intrusive equivalents to the
Mitu volcanics.

Further to the southeast, along the graben preserving
the Macusani volcanic and associated sediments, other radio-
metric anomalies have been located. Only one of these was
examined; the Huacchani locality of the Picotani district
southeast of Crucero, (Fig. 21). Pyroclastic units, very-
similar to Macusani, outcrop in the general plain but have not
been so well exposed by dissection as at Macusani. The main
anomaly was in a horizon some 2.5 to 3 m thick exposed in
some low crags. This produced average radiometric values of
60-80 ppm eU as compared to the normal values of 15-20 ppm eU.
Within the zone fractures and weathering surfaces contained
enrichments of over 1,000 ppm eU with well displayed second-
ary uranium minerals - autunite with minor metatorbernite.

Southwards from Macusani through Munoa to Santa Rosa,
Mitu and Cretaceous red sediments were well exposed but were
all uniformly low in radioactivity and in uranium potential.
At Santa Rosa on the main Cuzco-Puno highway an anomaly had
been identified (Valencia et al., 1978). Where examined,
this was a granite to granite porphyry with erratic development
of torbernite on fracture coatings. Area of the two anomalies
with more than 30 ppm eU was only about 100 m x 50 m.and
90 m x 40 m. Maximum values correspond to about 1,500 ppm eU.
Geologically the situation has not been fully determined but
the field examination suggested development of Mitu volcanics
intruded by a granite to rhyolitic dome and later overlain
by Upper Cretaceous-Late Tertiary red beds with a limestone
horizon. Small anomalies are reported from these sediments
but no significant occurrences. Geochemical exploration in the
area using stream sediments and stream waters did not locate
any significantly high values. The possible marginal marine
environment of these red beds must reduce their uranium potent-
ial. In this region Gabelman and Beard (1962, p 78) report that
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the Abra la Raya dioritic intrusive is also anomalously
radioactive but no uranium minerals are recorded.

Towards Cuzco the red beds and volcanis of the El
Descanso area west of Sicuani were examined. Although an
interbedded 20 m thick, coarse tuff, reads 20-25 ppm eU,
no anomalies are present in the near-vertical coarse sediments.
In contrast to the mapped situation on the 1:1m map, the
red beds conformably follow the Cretaceous marine sequence»
Also the trachyandesite units are interbedded and do not form
part of an overlying Late Tertiary volcanic sequence similar
to Macusani. Potential of this area and the general Langui
district was therefore thought to be very limited.

At Arequipa the sillar quarries in the acid pyroclastic
units derived from the composite recent volcano Misti were
examined. As at Macusani these are soft, porous rocks but
at Arequipa they are less quartzose. Maximum radiometric
values discovered were only equivalent to 25 ppm eU. Further
south around the Cerro Verde copper porphyry all radiometric
values were low. Studies by IPEN (Barreda, 1979) showed
that all uranium values were low in the host and all stages
of the mineral processing. Maximum concentration of uranium
(total) was 12 ppm U at the transition between primary enrich-
ment and supergene ore.
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SPECULATIVE POTENTIAL
AREAS IN PERU

1. Macusani area
2. Crucero- Picotani area
3. Ayacucho-Congallo area
4. Nazca-Puquio area
5. Puno area
6. Chuquibamba area
7. Coasa area

O 90 180 300 KMs

CHILE

FIGURE 23.
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Ga FAVORABLE AREAS FOR SPECULATIVE POTENTIAL

It is evident from the IUREP field studies and the
work of the IPEN/IAEA Project that the prime potential in
Peru is associated with the late volcanics and continental
sediments of southern Peru. This situation parallels that in
the adjacent area of Bolivia where only the volcanic plateau
of Los Frailes has been found to have any significant potential.
Occurrences in that district have recently been described by
Aparicio (1981) and are summarized heret

p
"The Los Frailes Formation, a 9,000 km area of

Miocene-Pliocene age, contains uranium mineralization in acid
tuffs, ignimbrites and lavas. Uranium also occurs in sedi-
mentary rocks of various types and ages which outcrop in
adjacent areas. So far the most extensive mineralization seems
to be confined in volcanic pyroclastic rocks. Although the
surface mineralization varies in grade from 0.01% to more than
2.5%, the average grade in the only deposit being mined
(Cotaje) is 0.05% of u^Og. On the basis of the available
data it is believed that certain leaching processes, during
the last erosion cycle (Pliocene-Pleistocene) and under very
humid conditions, brought about the mobilization of the
uranium from the volcanic rocks in aqueous alkaline and
calco-alkaline solutions circulating on the surface and
underground. Uranium minerals were deposited, generally by
chemical reduction, in tectonic zones and/or zones of high
porosity. The common metallogenetic model in the western
area, defined as the 'Sevaruyo uraniferous district1, is
exogenic and is characterized by epigenetic uranium occurrences
and deposits formed by supergene enrichment. On the basis of
their mechanism of formation, control of mineralization and .
mineral associations, these deposits are classified according
to: those with strictly tectonic control, those with sedi-
mentary control and those of mixed genetics. Recent discoveries
in the eastern area of the volcanic complex give evidence of
epigenetic mineralization, apparently linked with hypogene
hydrothermal processes, in addition to exogenic mineralizations
contained in rocks stratigraphically subjacent to the Los
Frailes Formation. Lacustrine sediments within the Los
Frailes district contain uranium anomalies associated with
Bi and Ag in zones of tectonism. The lacustrine sequence
commenced with stratified tuff and continues with silicified
clays, siltstones and sandstone which are again highly silic-
ified."

In Perú the regional indications are very much of a
phase of acid to alkaline volcanism following the end Miocenes
(Puno) peneplanation. As well as the uranium occurrences
and radiometric anomalies in southern Peru the only real
anomaly found in the subandean Tertiary sequence by the Aminoil
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exploration (Michie, 1976) was related to detrital dispersion
from late Tertiary volcanism in east-central Peru. Identified
areas of speculative potential are discussed individually
beneath and shown on Fig. 23.

Macusani-Crucero-Picotani Volcanic Areas

Late Tertiary tuffs, ignimbrites, and associated
sediments are preserved in this generally NW-SE trending
graben. End-Miocene peneplanation (Puno surface) had eroded
much of the earlier Tertiary and Mesozoic cover so that the
volcanics were deposited in part directly on the Paleozoica
In particular the late Paleozoic intrusives (Hercynian granites)
and extrusives (Mitu volcanics) formed an important part of
the basement through which the volcanics were extruded. Rhyo-
litic intrusives of Pliocene age may indicate the eroded
remnants of some of the feeders to the volcanism. Some of these
are elongated along NW-SE faults indicating a regional tensional
control on their emplacement, perhaps reflecting re-activated
Hercynian features. Although the majority of the occurrences
discovered to date are closely related to the volcanics and
interbedded sediments, it is considered that significant
tonnages are only likely in older or younger porous sedimentary
units in the vicinity of the volcanics. Mobilization of
uranium from the volcanics and migration into adjacent sedi-
mentary units offers more potential for the development of larger,
more uniform deposits. Fixation of uranium could be either
by physical or chemical traps, but in either case the young
age of the sediments would indicate that ore bodies are likely
to be concealed. Careful consideration of the surface inform-
ation, the subsurface geology and the genetic models developed
would be required before extensive drilling programs. In
the Macusani area there is only a limited area of prospective
ground for such larger sedimentary occurrences east and north-
east of the known occurrences. However, the large Crucero
to Picotani basin, although having less well exposed occurrences
may have more potential. Isolated outcrops of the volcanic
sequence around the rim of the basin may have been available
both during sedimentation and later basin evolution, leading
to the accumulation of significant deposits. Much of the
basin is concealed by later fluvio-lacustrine cover so that
surface radiometry is a largely ineffective exploration tech-
nique.

Other Volcanic Areas in Southern Perú

Minor indications of uranium (and thorium) enrichment
in late volcanic-sedimentary units of southern Peru suggest
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that some uranium potential may still exist. In this very
large volcanic field certain areas can be identified as of
potential interest.

(a) Ayacucho basin. This would include the Congallo
occurrences, the anomaly south of Ayacucho and the
NE margin of the basin where the volcanic-sedimentary
sequence rests directly on the volcanic Mitu Group.

(b) The Tambo Quemado area between Nazca and Puquio.
This district includes the known anomalies of El
Vado (Gabelman, 1962 - pp 68-69) and Tambo Quemado
(Gabelman, 1962 - p 80) where tuffs and pyroclastics
are abnormally radioactive» The recent recognition
of a caldera complex at Pampas Galeras (Noble, et al.,
1979) in the area increases the parallels with the
McDermitt caldera in the U.S.A. That complex hosts
the only significant known voleanogenie uranium
deposit in the U.S.A. which, although of low-grade,
contains in excess of 5,000 tons uranium.

(c) Puno district. The Lake Titicaca area appears to be
a stable block which became a positive feature during
the Tertiary. In a region NE, E, and S ofPuno the
early Tertiary and Mesozoic cover has been partially
removed so that the later Tertiary rest directly on
Paleozoic rocks. Parts of'the region have been covered
by the recent gamma-spectrometric surveys which may
indicate favorable areas, belts or units. In broad
terms the known anomalies define an irregular belt
marginal to the positive block running from Santa
Rosa in the north, through Lagunillas, Jesus Maria,
Rio Titire and south to Viluta. This is a fairly
large zone but regional studies, combined with the
airborne reconnaissance survey should focus attention
on more limited regions of interest.

Volcanics in General

Equivalent volcanic units in other regions of Perú
may be prospective but the lack of specific information on
their geology and the absence of radiometric anomalies precludes
their inclusion at this stage as areas of speculative potential.
One area worthy of limited reconnaissance on the regional level
is the large Condomarca basin. This basin is mapped as volcanics
resting on Precambrian and Paleozoic granites of the eastern
Cordillera. Purely on geologic parallels with Macusani this
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basin may have some uranium potential. Similarly
late, post Miocene, tuffs and ignimbrites of the whole Andean
belt may be of interest especially where they are highly
silcic. This is likely to be where they intrude crystalline
basement rocks or continental elastics. For example, ignim-
brites rest on granite NW of Huascaran in north-central Perú
and rest on Cusapalea red beds west of Lake Junin in central
Peru.

Calcretes

The presence of late acid volcanics rocks, which may
be enriched in uranium mantling the Andes and the coastal
desert zone suggest that surficial uranium deposits (calcretes)
should be considered. Further, the presence of impermeable
Precambrian to Paleozoic basement, which may itself contain
minor uranium concentration, indicates that the region facing
the Pacific northwest of Chuquibamba is a possible target.
This includes the Pampacolca pegmatite district (Gabelman
and Beard, 1962, p 73; within which uraninite and columbite-
tantalite were found. These are partly overlain by Tertiary-
Quaternary volcanics from the Corupana volcano. Study should
involve examination of the volcanic rocks, the basement and
the hydrological regions.

Granites

North of the Macusani-Crucero-Picotani belt the Hercynian
granites such as the Coasa are reported to be anomalously
radioactive with high stream sediment uranium anomalies. As
these may be high level enriched granites, since the extrusive
Mitu is also abnormally radioactive in this area, they may be
considered as prospective uranium host rocks. Occurrences
could be either internal or marginal to the granite. As
the country rocks include upper Paleozoic shales both veins
and disseminations in schists could be developed. No later
sedimentary basins are mapped as overlying or adjacent to the
granitic belt and so sandstone (arkosic) occurrences are
unlikely.
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H. URANIUM RESOURCES POSITION

Speculative Potential

Perú, at present, has no claimed uranium resources.
Only in the Macusani areas, Puno Department, has surface
exploration progressed to the extent that any estimate can be
made of speculative potential. No reliable estimates of
average grade are available so that values have been assumed
based on field estimates. For example, at the Huiquiza II
interbedded sedimentary occurrence, it is possible to make
a calculation of tonnage present along the following lines:

Huiquiza II Occurrence

Outcrop length of mineralization = 200 meters

Thickness of mineralization = 1 meter
(3 levels of 30 cm each)

Projected extent downdip = 200 meters

Average grade = 500 ppm U

then, Yolume = 200 x 1 x 200 nr

assume Density = 2,5 tonnes/m

Mass = 100,000 tonnes

Tonnage = 50 tonnes

The Huizuiza II occurrence appears to be the most
continuous mineralized body so far discovered. Many other
occurrences are fracture controlled and of much more limited
extent even though locally they exhibit high-grade hand specimens
Based on such reasoning the speculative potential in the out-
cropping area of the Macusani volcanic group can be estimated
at 500 tonnes uranium. In the concealed area, mostly to the
east and northeast, an additional 500 to 1,000 tonnes uranium
of speculative potential* may exist.

* Speculative Resources refers to uranium, in addition to
the Estimated Additional Resources, that is thought to exist
mostly on the basis of indirect evidence and geologic extra-
polations, 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 trends.
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At the Huacchani locality in the Picotani district
only a few tonnes of uranium can be realistically inferred.
By analogy with the more well exposed Macusani area a similar
tonnage of speculative potential at the same grade of 500 ppm
uranium can be assigned.

In the intervening Crucero area no occurrences of any
tonnage have been shown to exist but a speculative potential
can be assigned purely on the geologic reasoning outlined
previously. From the large area and based on optimistic
estimates of the geologic situation a speculation potential
equal to that of the Mácusani and Picotani can be assigned.

In summary, the speculative potential at a grade of
500 ppm U can be assigned as follows for this general area:

Speculative Potential (tonnes U)

Low High

Macusani

Picotani

Crucero

. 1

1

,000

600

,500

2

1

3

,000

,200

,000

3,-100 6,200 Tange

Transferring such speculative potential estimates into
Resources, particularly Reasonable Assured Resources (Reserves)
is a major task.

In no other area of Perú has any indication of the
presence of significant tonnages of uranium been shown to
exist. Estimates are given in the following tabulation
based solely on the consultants1 speculations on the results
of a dedicated exploration effort.
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TABLE 11

ESTIMATED SPECULATIVE RESOURCES

Range (tonnes U)

Macusani-Crucero-Picotani,
Puno Department 3100 to 6000

Ayacucho, Ayacucho Department 1000 to 1600

Nazca-Puquio, Ayacucho
Department

S. Puno Block, Puno
Department

Chuquibamba (caleretes),
Arequipa Department

Coasa (granites), Puno
Department

Total

500 to 800

500 to 1000

500 to 800

400 to 800

6000 to 11000

Byproduct Uranium

(a) Phosphates - Uranium content of the Bayovar
phosphates in north-western Perú is thought to be low
( 60 ppm U). As such it is unlikely that it would be
profitable to extract the uranium.

(b) Porphyry Copper - A report on the uranium
content of the various copper porphyry operations (Evaluation
of Peruvians Copper Mines for their Byproduct U^OQ Potential)
could not be found and thus was not available to the mission.
Based on field examinations of the Cerro Verde and Michi-
quillay mines, however, it would not appear to be a viable
byproduct.
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I, RECOMMENDATIONS FOR FUTURE EXPLORATION

Introduction

Attention should be directed to two goals:

1. Exploration and assessment of the volcanic-
sedimentary sequences in the Macusani-Crucero-Picotani graben.

2. Regional studies and exploration of other late volcanic
sedimentary sequences in southern Perú.

Work under these two categories can be briefly
summarized as:

(a) (1) Underground sampling by adits (tunnels) in
from the known occurrences in the Macusani area to
obtain reliable grade estimates of fresh rock and
to determine the continuity of the occurrence.

(2) Drilling in the Picotani area to determine the
distribution of uranium at depth and to search for
possible mineralization trends.

(3) Drilling in the concealed NE sector of the
Macusani area, downdip from the known occurrences.

(4) Geophysical studies of the shape and geology
of the various basins in southern Perú, particularly
the large Crucero basin.

(5) Stratigraphic drilling in the Crucero basin
based on results of the geophysical studies.

This phase would extend the geological models developed
in the outcropping occurrences to their possible
subsurface development in this region.

(b) (1) Revise and update the volcanic-sedimentary
correlations in southern Perú and identify and
parallels to the Macusani-Picotani district.
Petrographic study would assist in the recognition
of acid pyroclastic units.

(2) Regional studies; carborne and on foot, to
integrate the recognition of radioelement .enriched
late volcanic units in southern Perú and the pattern
of their regional distribution.

(3) Airborne surveys over selected districts. As
uranium and thorium appear to be both enriched, lower
cost total count surveys could usefully be employed.
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Uranium Is evidently easily mobilized under
alkaline conditions from the U-Th. rich Macusani
occurrences. Therefore, it may be that leaching of
uranium in an area would leave the less mobile
thorium behind, producing only a thorium anomaly
but which might still indicate the presence of mobile
uranium In the area.

(4) Geochemical surveys - more use should be made
of regional rock and soil sampling. Under alkaline
conditions, uranium is readily solubilized and thus
may not be evident in stream sediment surveys. Water
sampling in the arid region is difficult and markedly
affected by local drainage conditions. Pathfinder
elements such as Hg, Mo, F, Cu, Ag, Se and B should
all be investigated as suitable indicators of mineral-
ization either singly or in combination.

(5) Gamma spectrometry - greater use should be made
in field gamma spectrometry to investigate both
anomalies and the regional variations of radioelements
in volcanic units. Calibration of the gamma spectro-
metric equipment should allow quantitative data to
be acquired and lead to a more realistic appraisal
of the anomalies discovered and the regional levels
of enrichment. The less obvious thorium variation
pattern is not so subject to variations due to supergene
alteration or late magmatic processes and may be a
better indicator of areas of radioelement enrichment.

Exploration Costs

The cost of such an exploration program can only be
roughly estimated but if a five year program is envisaged
the following costs would appear to be minimum figures.

TABLE 12

IUREP MISSION PROPOSED PROGRAM, SUMMARY ATO COSTS

Item

Exploration

Tunneling

Geophysical

On foot and

Geochemical

drilling

Surveys

carborne reconnaissance

Surveys

Airborne Surveys

Total

Million U .S. $/5 Year

5.0

2.0

0.5

0.5

0.5

1.5

10.0
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These costs would be additional to normal personnel
charges which would have to be augmented by the inclusion
of geologists skilled in drilling evaluation and mining
assessment.

If a reasonable prospect could be identified by such
a program, much additional expenditures would then be required
to*prove the deposit and determine the mining parameters.
No estimates can be given for that phase due to complete
uncertainty of the nature of the deposit but figures would
greatly exceed the exploration phase.
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J. NATIONAL PROPOSALS FOR FUTURE EXPLORATION

IPEN's future exploration program is flexible and
depends a great deal on the results of physical exploration
in the Macussani-Crucero Picotani areas during the balance
of 1981 and 1982 and on the response of private companies
to the new legislation allowing industry to participate in
the exploration for uranium in Perú. At least five different
companies from five different countries have expressed an
interest and invitations defining the terms of the exploration
agreements have been drafted.

Through 1982 IPEN plans to concentrate 90 per cent
of their exploration efforts in three areas totalling 20 sq. kms.
Two areas are in the Macusani area and one near Picotani.
The other 10 per cent of their effort will be directed toward
reconnaissance studies in volcanogenic environments throughout
Peru.

Starting in November 1981, IPEN plans to drive three
exploration adits (each 25 meters long) to test the best
uranium outcrops in the Macusani area. Some drilling is also
planned - 10% core and 90% non-core. Exploration in the Pico--
tani area will be limited to surface trenching and evaluation
of airborne anomalies.

At the present time IPEN plans to reserve these three
areas for development by the Government; consequently they
will be excluded from bidding concessions by industry.

Because of the flexibility of the program, IPEN has
an estimated budget for 1982 but could not provide an estimate
for the succeeding years. A breakdown by year of total past
expenditures for uranium exploration and estimated financial
requirements from the UNDP are shown in Table 13.

- 84 -



TABLE 13

PAST AND ESTIMATED FUTURE EXPLORATION EXPENDITURES

FOR URANIUM IN PERÚ (U.S. $)

Pre-1975

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

IPEN

97,370

33,000

69,000

156,000

99,000

176,000

309,000

161,920

2,000,000

?

?

UNDP

—

—

132,540

176,260

450,000

144,200

7,940

196,000*

153,000*

83,000*

IAEA

_

—

—

—

4,500

__

12,800

—

27,600

?

?

? - Not available

* - Requested
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APPENDIX B

OFFICIAL TRANSLATION

ISSUED PURSUANT TO DECREE LAW N° 18093 OF THE
GOVERNMENT OF THE REPUBLIC OF PERU

With local and foreign investors

"The Activities of Radioactive Minerals existing in all the
country shall be promoted".

Decree Law Nr. 25112

THE PRESIDENT OF THE REPUBLIC

Whereas:

The Revolutionary Government has passed the
following Decree Law:

THE REVOLUTIONARY GOVERNMENT

Considering:

That the Decree Law Nr. 21297, modifying^Article 15
of the General Law of Mining (Ley General de Minería)
Nr. 18880 and the regime established by the Laws 12004 and
12493, reserved for the State the Mining Activities of
exploitation, benefit and refinery of radioactive minerals
lying in the National Territory, as well as the complete
cycle of nuclear fuel, prohibiting any granting of concession
whatsoever for said substances:

That this same concept was taken up by Article 6,
subclause e) of the Organic Law of the Instituto Peruano
de Energía Nuclear (Peruvian Institute of Nuclear Energy),
Decree Law 21875, and in Article 5 subclause g) of its
Regulation, moreover including the deposits of such substances
located in concession areas and in waters under the juris-
diction and sovereignty of Peru;

That, due to the increasing demand in the international
energy supply and its possible influence in the national
economy, it is imperative to promote the mining activities
of prospecting, exploration, exploitation, refining and



commercialization of radioactive minerals existing in the
National Territory.

That, the required investment and the required
specialized technology, recommend to all ow that, without
prejudice to the direct action of the State in determined
areas, this latter by means of the IPEN may enter into
contracts for the execution of mining activities of radio-
active minerals in the National Territory.

That for the accomplishment of these purposes,
it becomes necessary to deal with the adequate legislation
which regulates the intervention of the State and the partic-
ipation of local and foreign investors in the execution of
mining activities of radioactive minerals;

In use of the faculties of which it is invested;
and

With the approving vote of the Cabinet;

Has passed the following Decree-Law;

CHAPTER I

OF THE GENERAL PROVISIONS

Article 1: For the purposes of this Decree Law, it is to
be understood that:

(a) Radioactive mineral: every mineral containing uranium,
thorium or radium.

(b) Deposits of radioactive minerals; the defined body
containing uranium, thorium or radium - in quantities
and under such conditions as to permit considering
the possibility of its economic exploitation either
singly or in association with other mineral elements
contained in the same body.

(c) Uranium concentrate: the product with a high uranium
content, which usually consists of an uranite
(sodic, magnesic and ammonic) or an uranium oxide

(u3o8)
Article 2: The mining activities of prospection, exploration,
exploiration and benefit of the radioactive minerals located
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in areas of the National Territory, and in which the State
has Special Rights, including those located in areas in
which any kind of concession would have been granted, and
in waters under jurisdiction and sovereignty of Peru, as well
as in the maritime subsoil, shall be governed by the provisions
of this Decree Law. Anything not provided for in same,
shall be governed by the norms of the Decree Law 18880,
General Law of Mining.

Article 3: The Instituto Peruano de Energía Nuclear
(Peruvian Nuclear Energy Institute)(IPEN) on behalf of the
State, is the Public Organization in charge of advising,
promoting, directing, coordinating, representing, organizing,
controlling and executing, directly or in associating with
third parties, the activities referred to in this Decree Law.

Article 4: IPEN is empowered to enter into contract for the
prospection, exploration, exploitation and benefit of radio-
active minerals in all the National Territory with individuals
or bodies corporate, national or foreign, of public or private
law, within the limits established by the legal provisions
and in this Decree Law.

Article 51 In everything relating to the elimination of
radioactive residue, environment protection and effects of
radiations during the exploitation, benefit and concentration
of radioactive minerals, the specific provisions of international
application and those which IPEN shall decree for this purpose,
shall be observed.

Article 6: The Peruvian Government shall require that the
radioactive concentrates to be exported are to be destined
exclusively for peaceful uses for which purpose it shall
require the adequate agreements from the respective Governments.

CHAPTER II

OF THE CONTRACTS

Article 7: IPEN shall enter into the contracts referred to
in Article 4, by means of public bids or competition of offers,
excepting those declared void in which they may be grated
directly.

For reasons of national interest, previously
declared by Supreme Resolution, IPEN may enter into these
contracts in a direct manner, the same which shall be approved
by Supreme Resolution, after the economic and technical
evaluation.
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In these cases, the contracts shall be
registered with the Mining Public Registry.

Article 8; The prospecting, exploration, exploitation and
benefit stages expenses shall be exclusively to the charge
of the corporation or corporations engaged in these activities»

Article 9s The compensation corresponding to the State
represented by IPEN, in uranium concentrates in the form of
yellow cake (Y.C.), in accordance with the contracts author-
ized by this Decree Law, may be agreed based on a royalty
to be established in the relevant contract, its amount to be
calculated by means of a polynomial factor taking into account
the characteristics of the deposit and the sales prices in the
international market. The part corresponding to the contracting
corporation, may export it completely or partially, through
and after authorization of IPEN, after covering the local
necessities, for the latter the least pondered price in the
international market is to be paid. When dealing with concen-
trates of other radioactive minerals, the percentages to be
established in the respective contracts, in accordance with
the technical development of their exploitation and application
shall be governing.

Article 10: The corporations which enter into contracts with
IPEN shall deliver to it, regularly and actually, up to the
finalization of the respective contract all information without
limitations whatsoever related to the mining activities,
subject of the mentioned contracts that relate to the technical
feasibility of exploitation, economical profitability, operat-
ional programmes, evaluation of required investments, technology
to be used as well as any other information for the knowledge
of the specific characteristics of the exploitation and benefit
of the deposits descovered.

Article 11: The Peruvian Law shall be the only one applicable
to govern the contracts to be entered into, in fulfilment of
this Decree Law, whichever the nationality of the individuals
or bodies corporate may be, taking part and in all the cases
the parties shall expressly submit to the jurisdiction and
competence of the Judges and Tribunals of Peru.

Article 12: The corporation having executed activities of
prospecting and exploration with regard to the disposition
of this Decree Law, shall have the exclusive right to execute
activities of exploitation and benefit of radioactive minerals
in accordance with the terms and conditions established by
the relevant contract.

If, after the discovery of any deposit and in the
development of the contract of prospection and exploration,
new deposits are found, these may be exploited by the same
corporation.
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Article 13: The contracts, for the fulfilment of the mining
activities included in this Decree Law shall be entered into
for one or various prospection units. Each prospection unit
shall have a maximum extension of two million hectares and
shall require a minimum yearly investment equivalent to
0.03% of the minimum vital salary for the mining activity
of the area per hectare, in force as of January 1st of the
relevant year.

The prospecting stage shall have a term of two (2)
years, which may be extended for one (1) year. The corporation
taking part shall execute the minimum yearly investment
referred to in the previous paragraph, being able to withdraw
from the project at the end of each calendar year, provided
that it proves having complied with the obligations arisen
from the contract.

Article 14: The corporations having executed the prospecting
under the conditions stated in the previous article, shall
have the exclusive right to execute the exploration activities
over a maximum of 30% of the prospected area during a maximum
term of two (2) years computed as of the completion of the
prospecting stage, the following being the minimum investment
for this first period:

For the first and second year, the equivalent to
0.012% and 0.084% respectively, of the yearly minimum salary
for the mining activity in the area, per hectare.

At the end of the second year, the explored
area shall be reduced to 50% beginning, the second period of
exploration over this 50% for a period of three (3) years, the
following being the commitments for a minimum investment.

For the third, fourth and fifth year, the equiv-
alent to 0.126%, 0.168% and 0.210% respectively, from the
yearly minimum vital salary for the mining activities in
the region, per hectare.

During the exploration stage, and at the end of
each calendar year, the corporation may retire from theproject
provided that it has complied with all the minimum investment
commitments up to the date of withdrawing.

Should the exploration period not have permitted
the covering of all the explored area, said term can be
extended for one (1) year provided that all the economical
conditions arisen from the contract have been met. The
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minimum investment for this additional year shall not be
less than the one required for the fifth year of works.

Article 15» The minimum investment foreseen in the previous
article 13 and 14, may not be executed in small er amounts
than those stated, except due to causes of force majeurs,
justified and approved by IPEN, under the condition that at
the end of the prospecting stage, or of each period of the
exploration, the corresponding aggregate total is met.

Article 16: The obtaining of radioactive minerals as sub-
products of treatment of other minerals shall be contracted
under forms and conditions established in this Decree Law.
The mining licensees who are in the prospecting, exploration
or exploitation stages shall have priority rights to enter
contracts directly with IPEN to exploit the radioactive
minerals of their deposits, respecting the acquired rights
and established conditions of their operations.

CHAPTER III

OF THE TAXATION AND INCENTIVES

Article 17: The tax regime and the promotional provisions
passed in favour of the holders of mining activities according
to the General Law of Mining (Ley General de Minería) Decree
Law 18880 and its relating and complementary norms, as well
as the other tax benefits contained the legislation in force
for this matter, shall be applicable for the persons entering
into the contracts referred to in Article 4 of this Decree
Law.

Article 18: Without detriment to the provisions of the preceding
article, the corporations or subsidiaries who enter into
contracts authorized by this Decree Law, shall have the
following benefits:

(a) Exemption of the import duties and taxes referred
to in sub-clause c) of Article 15 of Decree Law
22178 for the mining activity of prospecting and
exploration matter of those contracts.

(b) Exemption of the taxes established by the Decree
Law 21528 and 21529 affecting the sale of radio-
active minerals.
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Article 19: The following literal text to be added to
numeral 9: Mining activities of the Annex of the Decree
Law 22401, amended by Decree Law 22836;

maximum % of the Index Income of Selectivity
Net reinvestable

ffd) Radioactive Mining 69.75 1.0"

Article 20: The owners of a direct foreign investment
executed for the compliance with the mining activities author-
ized by this Decree Law, may remit abroad in freely convertible
foreign exchange, after approval of the Corresponding
National Organization, the whole of its proven profits after
taxes, which come from their direct foreign investment,
in accordance wo the power conferred by Article 37 of
Decision 37 of the Decision of the Cartagena Agreement
(Decisión del Acuerdo de Cartagena), amended by Article 10
of Decision 103.

Article 21: The corporations or subsidiaries undersigning
the contracts authorized by this Decree Law, without detriment
to the promotional provisions already mentioned and which might
be granted in the future, may have recourse in whatever
applicable, to the benefits and guarantees provided for
by Title VIII of the first Part of Decree Law 18880.

Article 22: The taxes to be paid by the corporation or
subsidiary in accordance with this Decree Law, may be
paid with concentrates of radioactive minerals as stated
in the relevant contract.

Article 23: The tax benefits comprised in this Chapter
shall be in force as of the execution of the respective
contracts and up to the year 2010.

Likewise, for this period, any other tax benefit
granted by the laws in force at the date of publishing
this Decree Law and which is applicable to the contracting
corporations and their labourers, independently of the
terms in force established in the mentioned legal provisions,
shall be in force.
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CHAPTER IV

COMPLEiyEENTARY PROVISIONS

First: Sub-clause e) of Article 6 of Decree Law 21875
(Organic Law of the IPEN) is to be modified as follows:-

!!e) Execute in representation of the State
operations of prospecting, exploration, exploitation and
benefit of radioactive minerals existing in the National
Territory, including those located in areas of concession
and in waters under the jurisdiction and sovereignty of
Peru, as well as in themaritime subsoil and the complete
cycle of nuclear fuel".

Second: The installations, camps, ways of communications
and equipment used by the corporation or subsidiary in
the accomplishment of this Decree Law, shall, under operative
conditions and without cost whatsoever, pass to be owned
by the IPEN, at the end/or cancellation of the contract
entered into.

Third: The provisions opposed to this Decree Law are to
be repealed or left in suspense according to each case.

Given in the House of Government in Lima, on the
ninth day of the month of July one thousand nine hundred
and eighty.
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APPENDIX C

INFORMACIÓN CARTOGRÁFICA GENERAL EN EL PERU

Preparado : Por la División de Materias Primas
Sección : Cartografía y Dibujo

INFORMACIÓN GEOLÓGICA

I.I ENTIDAD: Instituto Geológico Minero y Metalúrgico
INGEMMET.

Dirección: Pablo Bermúdez No. 211-Jesús María-Lima.
Telf: 31-6233.

a) Mapa Geológico del Perú. Escala 1/1'000,000
con sinopsis explicativa.

b) Mapa de Yacimientos Metálicos del Perú.
Escala 1/1'000,000 con sinopsis explicativa.

c) Mapa de Yacimientos No Metálicos del Perú.
Escala 1/1'000,000, con sinopsis explicativa.

d) Mapa de Yacimientos No Metálicos del Perú.
Escala 1/2'500,000.

e) Mapa Tectónico del Perú. Escala 1/2'500,000.

f) Mapa Distrito Minero del Perú. Escala -
1/2'OOO,OOO.

g) Mapas Geológicos y Mineros Departamentales.
Escala 1/250,000. Ver Plano adjunto No. 3.

h) Cartas Geológicas Nacionales. Escala 1/100,000
con sus respectivos Boletines. Ver Plano -a
adjunto No. 4.

i) Mosaicos de Radar Controlado Slar. Escala -
1/100,000.
Delingación Planimátrica Slar. Escala 1/100,000,
Interpretación Geológico Slar. Escala 1/100,000.
Ver Plano adjunto No. 5.



1.2 ENTIDAD : Petróleos del Perú. PETROPERU.

Dirección: Paseo de la República No. 3361 -
San Isidro.

a) Mapa Geológico del Perú por cuadrángulos.
Escala 1/500.,000. Ver Plano No. 6.

b) Mapa Geológico del Perú por cuadrángulos.
Escala 1/250,000. Ver Plano No. 7.

c) Mapa Geológico del Perú por cuadrángulos.
Escala 1/100,000. Ver Plano No, 8.

II INFORMACIÓN TOPOGRÁFICA

II.1 ENTIDAD : Instituto Geográfico Militar. I.G.M.

Dirección: Áv, Aramburú No. 1198 - Surquillo.

a) Mapa Físico Político. Escala i/if000,000.

b) Mapa Vial del Perú. Escala 1/2'200,000.

c) Carta Nacional Impresa. Escala 1/50,000.
Ver Plano Adjunto No. 9.

d) Cartas Nacionales Impresas. Escala 1/100,000
Ver Plano Adjunto No. 9a.

e) Cartas Nacionales Impresas. Escala 1/200,000
Ver Plano Adjunto No. 10.

f) Cartas Nacionales Impresas. Escala 1/230,000
Ver Plano Adjunto No. 11.

g) Originales de Restitución. Escala 1/25,000.
Ver Plano Adjunto No. 12.

II.2 ENTIDAD : Dirección General de Catastro Rural.
D.G.C.R.

Dirección: Jr. Cahuide No. 805. - Jesús María.

a) Cartas Topográficas. Escala 1/25,000. Ver
Plano Adjunto No. 13.
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Ill INFORMACIÓN AEROFOTOGRAFICA

111.1 ENTIDAD : Instituto Geográfico Militar.
I.G.M.

Dirección: Av. Aramburú No. 1198 - Surquillo.

a) Aerofotografías o Pares Estereoscópicos.
HYCON. Escala 1/60,000, aproximadamente.
Ver Plano Adjunto No. 14.

b) Aerofotografías o Pares Estereoscópicos.
AST - 9. Escala 1/60,000, aproximadamente.
Ver Plano Adjunto No. 15»

c) Fotomapas 1/100,000. Ver Plano Adjunto No. 16.

d) Fotomapas 1/50,000. Ver Plano Adjunto No. 17.

111.2 ENTIDAD : Servicio Aerofotográfico Nacional.
S.A.N.

Dirección: Base FAP. Las Palmas - Surco.

Tiene Pares Estereoscópicos, a diferentes
Escalas de todo el Perú.

IV INFORMACIÓN METEOROLÓGICA •

ENTIDAD : Servicio Nacional de Meteorología
e Hidrología. SENAMHI.

Dirección : Av. República de Chile No. 295 - Lima

V INFORMACIÓN VIAL Y AEROPUERTOS

ENTIDAD : Ministerio de Transportes y
Comunicaciones. M.T.C.

Dirección: Av. 28 de Julio. Cuadra 5 - Lima.
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APPENDIX E

IUKEP Mission Field I t i n e r a r i e s
(1981)

Trip #1 North Peru

Lima-Chiclayo

Chiclayo-Jaen

Jaen-Moyobamba

Moyobamba-Tarapoto-Moyobama

Moyobamba-Chachapoyas

Chachapoyas-Celendin

Celendin-Truj i i l o

Truj illo-Lima

Trip #2 Central Peru

Lima-Tarma

Tarma-Oxapampa

Oxapampa-Satipo

S at ipo-Huan cayo

Huancayo-Ayacucho

Ayacucho- Cangallo-Ayacucho

Ayacucho-Huancavelica-Huancayo

Huancayo-Jan iscocha-Lima

Trip #3 Southern Peru

Lima-Juliaca (air)

Juliaca-Puno-Rio Titire-Juliaca

Juliaca-Marcusani

Macusaxti:-- Ollachea-Macusani

Ma cusan i-P icot an i-Ma cusan i

Macusani-Santa Rosa-Ayaviri

Ayaviri-Sicuani

Sicuani-El Desconso-Cuzco

Cuzco-Arequipa (air)

Arequipa-Mist i-Cerra Verde-Arequipa

Arequipa-Lima (air)

o

i

CO




