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PREFACE

At the request of the Government of the Republic of Peru, the Japanese
Government plénned and carried out a geological survey concerning mineral
exploration to examine the possiﬁility of the existence of mineral resour-
ces in thé Cotahuiasi Area located in the southern part of Peru. The Japan
International Cooberation Agency was entrusted with the execution Qf the
general plan. The Japan International Cooperation Agency in turn entrusted
the execution of this survey to the Metal Mining Agency of Japan since this
_survey was essentially a professional survey of geology and mineral

resources,

The survey was conducted for three years from fiscal 1985 to 1987 and
accomplished as schedule with the cooperation of the Perﬁ Goverument, aud

particulafly the Instituto Geologico Minero y Metalurgico (INGEMMET).

This report is the compilatiom of the results of the whole survey during

these three years,

Lastly, we would like to express our heartfelt gratitude to the members
concerned of the Government of the Republic-of Peru, the Ministry of
Foreign Affairs of Japan, and the Embassy of Japan in Peru, and to all
those who extended their kind cooperation to us in executing above-

mentioned survey.

January, 1988 ) . ]
. /&:;Z/MA3444£;2L <§¢ab41cz;?,t;77xh_m_
(-

. Kensuke Yanagivya

President

Japan International Cooperation Agency

Junichiro Sato

President

Metal Mining Agency of Japan
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ABSTRACT

The Government or the Repub11c of Peru had requested JapaneSe Government
for an a331stance and co—operatlon in the mlneral exploratlon of the _
Cotahua31 Area locnted in the southern Peru w1th an 1ntentlon to actlvate :

exploitation of non-ferrous metal industries.

In response to the request Japanese Government conducted a m1nera1 _
exploratlon of the proposed area for the perlods of 3 years from 1985 to
1987, by hav1ng eatrusted the exploratlon work to the Japan Internatlonal

Cooperatlon Agency {(JICA) and the Metal Mining Agency of Japan (MMAT).

ThlS reporL summarlzes all the work carrled out durlng the perlods and the

reSults of the work.

The lst year's work comprises a geological interpretation of landsat ima-
geries for .an area of 30,000 km2 1nclud1ng the proposed area, and a
reglonal geologlcal and geochemlcal (streem—sed1ment sampllng) survey for
an area of 6 000 km2 followed by a follow—up geologlcal prospectlng for the

selected 3 areas of 800 km? in total. -

The above work resulted in having uncovered the regional geology ia rela- -

tion with mineral occurrences in the Cotahuasi area.

The area is distributed by'the.Juressic and the Cretaceous systems mainly
consisting of sedimentary rocks over the-basement of Precambian granite and
diorite.

The Tertiary and Quarternary systems mainly consisting of volcanic rocks

unconformably overlie these rocks,

Batholiths or stocks of diorite and dikes of andesite intrude the rocks of

Miocene age or older.

Mineralization and associated alteration are hosted by the rocks of Miocene
age or older, and consist mainly of quartz veins, quartz vein networES'and
silicified or oxxdlzed zone along fractures or fractures zoues, assoclated

with Au and Ag m1nerals 1n places.



The lst year work outlined 4 promising target areas for mineralization,
namely (1) Mlna Pararapa, (2) Tanlsca alteration ?one, (3 Mlna Luicho and
(4) Pirca alteratlon zone. Howaver the 3 areas except the Pirca altera-
tion zone were covered by prlvate mlnlng concessions and dlscarded for

further exploratlon work,

By having re—examined the results of the lst year's work, the Marcabamba
(80 km?) and the Pirca (90 kmz) areas were selected for the 2nd year
targets. The Plrca area was d1v1ded ‘into two sub areas, the eastern and

the western Plrca.

Geologlcal mapping and geochemlcal prospectlng (3011 sampllng) vere carrled
out in both the Marcabamba and the Pirca areas, “and 10 holes of dlamond
core drilling with a total length of 1,000 m were put in the eastetn-?xrcé

sub-area.

In the Marcabamba area, a number of m1nerallzat10n and alteratlon zones
were found either in the Tertlary Tacaza Formatlon (Tc) or in the
Cretaceous Huaihuani (Yu) and Murco (Mu) Formatlons. of the zones,“fwo
zones, the Colpar and the Marcamalata, were of part1cular interest because
of their assoclation w1th_geochem1cal_anpmalles:of notable sizes and .

values,

In the Pirca area, geochemical anomalies were small in sizes and low in

values of elements of interest, in spite of extensive alteration zones.

The drill holes in the eastern Pirca sub area failed to intersect sections

of mineralization of any values though alteration was promiment.

Based on the results above described, the Colpar (5 km2) and Marcamalara (2

kmz) of the Marcabamba area were selected for the 3rd year targets.

The 3td year's work comprises detailed prospecting with an aid of trending
and drilling of 5 holes, 3 250 m-hole for the Colpar and 2 200 m-holes

for the Marcamalata.
In the course of the detailed prospecting a number of abandoned dld'
workings and mineralized outcrops were located in the Colpar alteration

zone and the geochemical anomaly adjacent to the south which had been



outlined in the previous year. These old workings, without any record

remained, had been unknown for years:even.by local residents.

The 3rd year work located two mineralized zones in.phe.qupar, the northern
mineralized zone including 4 mineralized veins and the southern mineralized
zone including 9 mineralized ‘veins, both hosted by the Tacaza Formation
(Te).

These veins are mostly developed along NE—SWftrending:fféctures or frac-
tured zones, and consist of qudrtz veins, quartz vein networks and 8ili-
cified zones. Major ore minerals are electrum, argentlte, polybasite,
pearcelte, galena, sphalerlte, chalcopyr1te and pyr1te. Ao identified
alteration mineral assemblage is quartz“potash feldspar (aduralio)- Serlclte

with or w1thoqt_chlor;te.

A surface sample of the N3 vein in the unorthern mineralized zone indicated

assay results of 5.70 g/t Au and 640 g/t Ag for a width of 1 m.

The holes MIP-11 and -12 intersected a number of quartz veins, quartz vein
networks and siliecified zones including the N1 and N2 veins with appre-

ciable values of Au and Ag but were too short to reach the N3 and N4 veins.

The northern mineralized zome may continue to the northern silicified zone
to the northeast and form a sizable unit of the mineralization-alteration

zone with a length of about 1.5 km aund a width of 0.3 km.

Surface samples of the S3 and the 87 veins in the southern mineralized zone
indicated assay results of 21.50 g/t Au and 410 g/t Ag for a width of 0.15
m of the 3 vein and 20,10 g/t Au and 1200 g/t Ag for a width of 0.3 m of

the 87 vein,

The hole MIP~-13 intersected 83, S4 and 85 veins, a part of which indicated

appreciable values in Au and Ag with subordinate Cu, Pb and Zn values,

The southern mineralized zone is possible to continue southwestwards under
the scree cover to the Auebrada Querumahuaico alteration zone and may form
a sizable unit of a wineralization-alteration zone with a length of about

0.9 km and g width of 0.2 km,

.._iv._.



The mineralization in the Marcamalata.is hosted by sedimentary rocks of the
Hualhuani and Murco Formations of Cretaceous age and yieldes some Ag values
with minor Au and other elements. The mineralized veins are discontinuous

and limited in extensions in general.

The holeés MJP=14 and -15 intersected.a number of quartz veins and quartz

vein networks but without any Au-Ag values of commercial interest.

The work failed to find any evidences suggestingfpbtential for commercial.

mineralization,

In conclusion, the 3rd year work resulted in outlining the two mineraliza-

tion-~alteration zounes in the Colpar.

However, no promising evidences were formed for the Marcamalata.
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PART 1 SUMMARY REPORT

CHAPTER 1 - QUTLINE OF THE 3 YEAR PROJECT
1-1 TLocation

The project area is situated inm the éooﬁhern part of the Republic of Peru,
‘The center of the area is about 200 km northwest of Arequipa, the second
largest oiﬁy in the country, at the latitue of about 15°15'S and the
longitude of-about 73°00'W (Fig. 1-1).

1-2 Purposes

The project was intended to evaluate'the potential of the area for possible
commerc1a1 mineral occurrences by comprehendlng the geology in relation with

m1nerallzat10n and associated alterat1on.
11“3- Methods and Techniques

The applled methods and technlques are’ summarized 1n Table 1-1 and Fig. 1-2
in accordance with the progress of the st year s through the 3rd year's
project. Fig. 1-3 prov1des_the flows of the decision-makes and the actions

taken based on the results of each year's work.
1-4 The Project Areas, thetQuantities of the Work and Project Periods

' The areas investigated and the quantities of the work are summarized in

Table 1-1 and Fig. 1-1 for each year.
The time required fof each year's pfogrémme is also summarized in Table 1-1,
1f5__0rganization of the Survey Team

Organlzatlon of negotlatlng team and field survey team in phase I to III

are summarlzed in Table I-2.
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Table I-2 ~ Organization of Negotiating Team

and Field Survey Team in Phase I-1I

Negotiating team Field survey team
Japanese side Peruvian side Japanese side : Peruvian side
‘Makoto Ishida leader . Metal Mining Agency of Juan Zegarra W, leader Institute Geologice Hiroshi Miydjinla leader’  Sumiko Consultants Cesar Vilca Neira leader Instituto Geologico
Japan i _ Minero y Metalurgico _ Co., Ltd. Minero y Metalurgico
Yoshikaza Taketomi - Ministry of International Gragorio Flores N. ditte Kiycharu Nakashima member ditto Hector Zarate Olazagal member ditto
o Trade and Industry; o . S . . . ‘ . . .
Agency ofNatl_li'aly : Erick Soriano B. ditte Magatsugu Sakai ditto ditto Walter Rodriguez Olaete  ditto ditto
1985 Resources and Energy Seiji Tsuchida ditto ditto Carlos Jimenez Velasco  ditto ditto
Sumihiro Fure Metal Mining Agency of Jiro Natori ditto ditto Emilio Rojas Rivera ditto ditto
Japan; Lima Office . :
: Hisaaki Nagao ditto ditto
Tadaaki Ezawa Metal Mining Agency of :
Japan : '
Takashi Kamiki ditto
Makoto Ishida leader Mgtai Mining Agency of Juan Zegarra Wuest  leader Institute Geologice Kiyoharu Nakashima leader Sumiko Consultants Cesar Vilca Neira leader Institute Geologico
Japan . Mineroy Metalurgico . . Co., Litd. Minero y Metalurgico
1986 Sumihire Fure ditto {Lima Office) Gregorio Flores Nafies ditto Masayoshi Matsugi member ditto Hector Zarate Olazagal member ditto
. Takashi Kamiki ditto Cesar Viléa Neira ditto Jiro Natori ditto ditto Emillio Rojas Rivera ditto ditto
Walter Rodriguez Olarte ditto Akihiko Murase ditto ditto Daniel C.arpio T.and contractor GeotecS.A,
’ others
Emilio Rojas Rivera ditto
Kazunori Kano  leader Metal Mining Agency of J uan Zeparra Wuest  leader  Instituto Geologico KiyoharuNakashima leader SuwmikoConsultants Cesar Vilea Neira leader Imstituto Geologico
Japan ' Minere y Metalurgico Co., Ltd. Minero y Metalurgico
1987 Kenzo Hagio ditto (1ima Office) . Gregdri'o Flores Nanes ditto Atsumo Nonami member ditto Hector Zarate Olazagal member ditto
Yozo BABA “ditto Cesar Vilca Neira ditto _Akihik‘o Murase ditte ditto Walter Rodriquez Olarte  ditto ditto
Naotaka Adachi ditto Hector Zarate Olazagal ditto PedroSamame . contractor GeotecS.A.
and others
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CHAPTER 2 PREVIOUS WORK
2-1 Report of previous Work

The' reports of the previous work are listed in the "appendices of this’

report.

Fornari, M and Vilea,; G.N. (1977) describe the general geology of the
Ayacucho-Arequipa region in their report on argentiferous minéral occurren-

ces in the southern Peru.

Metallégenic maps covering the whole area of Peru have been prepared by
Bellido, D. et al (1972) and published by the Minister of Energy and Mines
of the Republic of Peru, '

Local ‘geology is described by Victor, P.G. for Pausa aund Carégeli (1983)
and by Carlos G.R. and David, D.M. for Coracora Pacapausa (1983).

Results of: geochemical investigatioﬁ of the Andes zome, southern Peru, are

available in papers collected by Onuma, N. (1985).

The following explanatiom of the regional geology and the mineralization

afe‘sumgarized_from,the reports of the previous work above mentioned. .
12-2 :Regidﬁél]Gedlogy'énd‘Mineralization of the Ayécucho—Arequipé Regipn
(1} Geology

The region occupies a large of the southern Peru include the Cotahuasi
area, the area for the 3 year programme, outlined by the latitudes of

14°00" and 16°30'S and the longitudes of 71°30' and 74°30'S (Fig. I-4).

The west Andes Range in this region forms a great plateau about 150 km
wide with an average elevation -of about 4,000 m." The platau is mildly
relieved with occasional high peaks, the highest of which reaches

6,426 m above sea level.



The Andes Range, since the cessation of uplifting, have been subject
to retrogressive erosion having initiated from ‘the west coast faclng
the Pacific Ocean. However, most of the area have not been deeply
disected as yet except the Cotahuasi area where many deep valleys with

about 2,000 m elevation differences are well developed.

Signsfof glaciation are observed at:.a number places on-the:pleau and
thick_morrains q# glacial soils and cirques.are well developed.

The rocks distributed in this area comprise metamorphics of
Precambrian era and sedimentaries and volcanics of Palacozoic,

Cesozoic and Cenozoic eras.

The Precambrian metamorphics are distributed along the Oceanic coasts
or along a few rivers at their bottoms, and consist malnly of gne1sses

or gn91851c gxanltes.

The Palaeozoic sedimentary rocks unconformably overly the Precambrian
basement, This area emerged above sea level towards the end of the
Carboniferous and, supplied clastiés to ‘surrounding sedimentary basins

in the Permian.

These Permian sedimentary basins become sites for vbléanisms'aﬁa'wefé
dep031ted thlck volcan1c p11es 1nterbedded with marlne sed1ments in

Tr13551c age.

The area started emergiﬁg again in the Cretaceous. The tectonic of.
Cretaceous is characterized by an extensive Orogensis. which formed the
west Andes Range of the NW-SE trending folding mountains at the end of
- the Oretaceous., Granodioritic batholiths along the Oceanic coast

intruded mostly during Cretaceous age.

Red beds, terrestrial clastic sediments, deposited in the late

Cretaceous and the early Tertiary,

Oligocene to miocene volcanics and pyroclastics unconformably overly
older rocks, At Che base of the voleanics and pyroclastics, there are

developed volcanic breccias containing agglomerates and tuffs,



(2)

The upper section consists mainly of‘andesitic,volcanics_with subor -~

dinate'rhyolites and is co-related to the'Taéaza formation. . .

'The Tacaza formatlon changes 1ts 11thology laterally in the area of

argentlferous mlneral dep081ts. The western part the Puglo zone, is

dominated by pyroclastlcs and sedlments 1nterbedded w1th layers or

lenses of shales, gypsum and carbonates.: These 11tholog1ca1 features

- indicate ‘lagoonal natures of the sed1menta;y basins. . These charac-

teristic sediments is absent in the eastern part or developed omly to

a limited extent,

fThe 011g0cene~M10cene pyroclastlc are gently folded formlng ant1c11nes

nd syncllnes with bedd1ng planes dlpplng upto 60 degrees.

THOUgh”indiVidual tectonic elements are variable ih their diréction,
the major folding belts trend in the NW-SE direction parallel to the
Andean mountains. The trend may be a remnant of the maJor tectonxc

element of the late Cretaceous.

Ignlmbrltes of the Pllocene to Quarternary 13 w1de1y dlstrlbuted

c0ver1ng eroded surfaces.

The tuffs are mot’ 1nf1uenced by the foldlng structures observed 1n the

Tacaza formatlon.

In addition, there are andesitic lavas, the activity for which ini-

tiated in early pliocens and have continued to the present time.

A number of strato volcanics in the southern Pé;u formed mostly in the
Pleistocene. Andesitic lavas extrided from these volcans are exten-

sively distributed to form lava plateoué or fill valley bottoms,
Mineralization

Known mineral occurrences in the Ayacucho-Arequipa region are shown in
Fig. 1-4. Table I-3 presents particulars of major accurrences of

these.

-11—



Tha matellogenic wmap of Peru div'ideé'-'th'e region-into 4 metallogenic
sub provineeés, namely the highlandipdlymetalfc;?the-OcédniEZCobper

the Oceanlc Iron, and the Precambrlan Metamorphlc. The hlghland p011—
metallc sub prov1nce comprises the AndahuoyIOSmYaurl and the Puqlno—
Caylloma blocks. The northwestern part of the Oceanlc Copper sub—

provxnce is named of the Nazca—Ocona block.'

The Andahuaylos-Yauri subprovince, béiﬁg locdted in the morthieast’ of
the region, is mainly distributed“by’Irbnwbbppér:mihefal'occhtréncés
of a pyrometasowatic type. The Puquio-Cailloma subprovince occupies
the central part of the reglon 1nc1ud1ng the Cotahu331 pro;ect area
and is dlstrlbuted by hydrothermal or pneumatr1t1c Au and/or Ag
mlneral occurrences. Hydrothermal or pneumat11t1c Cu and Au mineral
qccurrénpes'are known. in the Nazca~Oconia block occupying the south-

western park.

All of the mlnerallzatlon is believed to have been formed 1n the

periods of late Cretaceous or TetL1ary age.
The Cotahuasi projéct area, being locafe&‘in thé-central part of the
region, occupies parts of the Puquio—Caylloma subprovince in the

northeast and of the Nazca—OcOna.biockfin”thejsouthﬁest.

The Colpar which have begen selected for a potentiél area for Au;Ag
mineralization, belongs to the Nazca-Ocona Cu or Ag metallogenic area

in the Oceanic Copper subprov1nce.r
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CHAPTER 3 , GENERAL GEOLOGY OF THE COTAHUASI AREA
3-1 " Geology

The- Precambrlan basement complex compr1ses mainly gne1ss and dlorlte and 1is
located in the Southern part of the area for the field Work of the prOJect

(The name Cotahua31 spec1f1es the area for the field. work)

The’ Ju1a331c system, unconformably over1y1ng the Precambrlan basement,'con—
s1sts of green or brown andesitic volcanlcs in the. lower part with a deve*
lopment of foliated structures at its bottom and of grey - black llmestone,
dark_—_greeq;sh grey shales and thick sandstones im the middle and the

upper. parts.

The Cretaceous.system is composed of light grey - grey thick silicious
sandeone in the lower part and of shales with subordinate sandstones and

grey - dark grey limestones containing fossils. .

Intenslve faultlng and folding structures are exten51ve1y developed in the
Jurass1c ‘and the Cretaceous systems which are unconformably cverlaln by the

tertiary system. .

The lower part of the Tertiary system comsists of sedimehtery rocks mainly
_of sandstones and cohglomerates and is overlain by andesitic or dacitic
volcanics with highly variable facies, which are in turn overlain: by

rhyolitic pyreoclastics,

Folding structures are-lpcaily developed . in the sedimentary and andesitic

volcanie rocks of the lower part.

The Quérte:nary.sysiem includes volcanoes such as Nevado Solimana, which.
exceed.5,000 m in elevations, and is composed of andesitic volconiesjof

the lower most formation widely distributing over the Archiplano plateau,
and of overlying.glacial deposits with local development of andesites and
basalts. Alluvials are developed along fivers,'on gentle slopes of in
bssiﬁs"sﬁCh as the:Archipiaﬁo'basin; and consists geﬁer&fly of taffaceous

materials,

15—



Major intrusives are (Cretaceous granitic’bathblfthé'or stoéksibeIOngiﬁg"to
the Coast batholith, and dioritic and andeSitic stocks or dikes of Ter;iary

age.

The arrangement of the Cretaceous 1ntru31ve bodles generally trends

WNW*ESE parallel to the trend of the Coast bathollth.

The arrangement of the Tertlary 1ntru31ve bodles ~are-not well defined due .
to the Quarternary covers but there appear to be two dlrectlons ﬂE SW and
NW-SE. .

The rocks of the early Mioceume or earlier (the Tacaza formatiotn or lower)
have been subject to folding and faulting which have formed a nomber of

geologica} blocks.

No maJor folding or faultlng is developed in the rocks of the late Mlocene

‘or later (the Alpabamba formation or upper)

Axes of antlcllnes and syncllnes run generally in the dlrectlon of NW-SE or

WNW-ESE,

NW-—-SE trendlng faults are predom1nated in th1s area with subordlnate

occurrences of E-W, NE SW or N-S trending faults,
3-2 Alteration and Mineralization .

Alteration and mineralization are not well developed in the area distri-
buted méinly by. sedimentary rocks of Cretaceous age due to development of’

limestones and siliceous sandstones,

Alteration zones of sizable scales associated with reddish brown stains are
often observed in the area distributed by volcanic rocks of Miocene age ori

earlier,

Alteration zones are located at Oyolo and Mlna Lucho of the Area A at

Tanisca and Mina Picha of the Area B, and at ﬁlna Pararapa of the Area C in



the area for the detsiled work of Phase I, as well as at Sara Sara, Pirca

and Maran in the area for the regional:work,

Of these alteration zome, the Tanisca zone is the most extensive continding
in the direction of N-~§ for approximately 10 km with widthS'raﬁg{ng from 1
to 3 km, - The alteration is argillizationin the andesitic volcanics of the

Tacaza formation, associated with weak silicification in part.

Oxide clay veins and quartz veins occur in the underlying silicious

sandstones of the Yura formation and have been once meagrely prospected.

The Mina Pararapa alteration zone is formed along a NNW-SSE trending
porphyritic andesite dike and in the surrounding andesitic volcanics of the
Tacaza formation and shows brown colour and outcrops due to iron oxide

stains,

A quartz vein with some Au-Ag values is located in association with altera-

tion zone, and strikes N20°FE dipping SOfNE.

The vein had been explored in underground until a recent year. Au values,
variable from place to place, are averaged at 4.61.g/t for approximately
200 along the strike, though occasionally as high as 40 g/t according to

data at the Mine (Mina Pararapa).

The vein can be traced for approximatély 1.3 km with variable widths ranging

from 0,5 to 1.5 m. There are god po;ential for parallel veins néarby,
The alteration zone is approximateiy 1 km wide and 2.5 km long.

The Mina Luicho and the Maran alteration zones are also associated with

Au-Ag mineralization but smaller in dimensions than those above described.

The Mina Picha alteration zone is located at the contact between limestones
of the Crétaceous Arcurquia formation and a diorite stock, and contains

skarn minerals in association massive Cu+*Pb+*Zn ores,

The mineralization is apparently of pyrometasomatic origin.

— 17-....



Other alteration zones than above described, showing brown colour due to

oxide iron staind, are associated with only poor mineralizationm..

Major alteration zones identified by the landsat imagery analysis are
located to the southeast of Nevado Cororupa, nearby Nasama and to the

Northeast of Nevado Firura and appear to consist of white clay alteration.



CHAPTER 4 GENERAL REMARKs;OF:THE:COTAHUASI AREA
4-1 Introductory Notes to the Republic of Peru.

The Republié of Peru is éitﬁa&éd'iﬁlihe”Paciffc Ocean Side of the South
American Contlnent and occuples an area of 1 285 215 km2 extendlng frcm

the ' Equator ‘to the latitude 18 20 5.

The total populatlon is estimated at approximately 19.2 millions (1984) of
jwhlch natives’ (Indlos) account " for 47A mestizos (mlxed bloods between
natives and whlte) for 40% and whltes for 12%. The Country, togethet w1th
-Bol1v1a, is hlghly populated with the natlves among the South Amer1can'

countrles.'
The capital of the Country-is. Lims.

‘The off1c1al 1anguage is Spanlsh whlch 1s w1de1y used all over the country.
However, Quechua is also popular among the natives and Aimava 1is locally

used in the part near the boarder to Bolivia.

The Country's gross national product amounted to aﬁprdximately 18 billion

dollars in U.S. (1984) or 789% per capita.

The'domeStiC-production of primary energy totals 11,080,000 tons in crude

0il equivalent, and -exceeds the domestic :counsumption of 7,660,000 tons.

_ The Céuntrj,_heiqg_ébqndént in.ﬁinefal.feséurces was ranked at thé 2nd
place in tﬁe world for the silver production;(lQ?BQ_tons),rat_tﬂe'ﬁtﬁ for
the zinc (580,000 tons), at the 5th for the lead.(ZI0,00b tons); and at the
Bth for the COppet,_according to the 1983 records. Petroleum and natural

gas are;alsq-plentiful in the country.

Accordlng to the 1983 StatlSthS, the Country 8 exports and 1mports
amounted to 3 015 mllllon and 2, 680 mllllon dollars 1n U.s. respectlvely,

'and the trade ballance was surplus by 327 m11110n dollars in U S,



The Nation's official external debt dmounted to 11,484 million dollars in

UcSu

The country exported zlno, 311ver and copper ores totallzng US$330 _
mllllons to Japan,_and 1n turn 1mported automoblles, steels maehlnery and
other processed materials tota111ng US$140 mllllons 1n 1985, Tb1s resulted

in the Pere's trade surplus by U85190 millions, .

Galloplng 1nflat10n brought about a serlous economlc dlslocat1on 1n Peru
before }984 After comlng to power Lhe present Peruv1an reglme has 1mp1e—_
mented a sexles of Measures almed at the stablllaatlon of the natlonal eco~
nomy , such as the f1x1ng of the exchange rate of Soles agalnst the US
dollar and przce control. The present bank exchange rate of Soles against
the US dollar stands at 17,300 Soles to US$1;00'and'tne official rate.at
14,000 Soles to US$1.00. The PeruVLan Government has announced its lnten—
tion to freeze the exchange rates and 011 prlce ‘until the end of the first

six-month period of" 1986.
4-2 Access to the Project Area
The survey areas are located in the southern part of:the Republic of Peru. -

The principal communities [in the survey area wh1ch are-served by a .road
passable in vehicles are.Cotahuasi and Pausa, both located almost in ‘the
center of the area. The access Toad to the two commun1t1es starts in

Arequlpa, Peru's aecond largest c1ty, but there is no roadway connectlng

the commun1t1es dlrectly (F1g, 1- 5) RN

Cotahuasi- can be reached by -following ‘the National ‘Highway 1 from Atequipaﬁ
to Tambillo and then taking Departmental'Road'lOS'runnfng northwestward:and
passing Pta Colorado, Aplao and Chuqulbamba. The distance between Arequipa
and Cotahuasi is about 410 km and can be’ covered in elght to ten hours by '
car. That section of the access road runnlng from Arequlpa to Pta Colorado;
(nearly 180 km) is paved but the remaln1ng section (about 230 km) 1ead1ng

to Cotahuasi is a gravel road.

— 20—
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Pausa can be reached by £0110w1ng the nat10na1 nghway 1 along the
coastline from Arequ1pa to Pta Tinaja, then proceedlng northward to Craveli
and from there taking the Departmental_Road 109. The:d1stance between
Arequipa and Pausa is about 490 km'and can be covered in 10 to 12 hours by
¢ar. The Arequipa-Pta Tinaja ééc%igh af abou§]28q km;in length is paved
and the remaining section of abour 210 km leading to Pausa is a gravel
road. The roadway condition between Aréquipa and Pausa is worse than those

of the Arequipa—Cotahuasi route.

Pauéa”Can also be reached by following the National Highway 100 from Atica
and then taking the Departmental Road 115 from Chala, but this route takes

much Ionger time.

The roads passable by vehlcle in the survey area, with the except1on of. the:
above—mentloned access roads from Arequ1pa 1nc1ude a gravel road of about
20 km connectlng Alca and Cotahuasi, a- second gravel road of about 15 km
running from Pausa to ‘Lampa along a river and another gravel road runnlng
about 8 km;to the south, . There are ne other roadways and horges provide

‘the only means of”traHSpbrtation of men and goods,
43 Gebgraphy '
(1) Topography

Thé survey araa is located in the south@éstroffthe Altiplano, a pia-
teau 4,000 to 5, 000 m above sea level 1n the Andes; ~ The Aitiplaﬁo
is deeply 1nclsed by two Grand. Cannyon shaped valleys of re;at1ve-

height rauging from 1,000 to 2,500 m whlch are believed to hava been
formed by d1ssect1on after the m1dd1e stage of the Tertlary. Thésé:
are the rivers of Rio Haran and Rlo Cotahu351 whlch meat together into

the Rio Ocoma which pours in the “south into ‘the Paclf;p.

RlSlng abhove the Alt1p1ano are Quaternary volcanos 5 500 to 6 300 m
above seéa level which range from wnw to ESE, These 1ne1ude Nevado,
Sara Sara (5,505 m), Nevado Solimana (6, 093 m), Nevado Flrura (5,498
m) and Nevado Coropuna (6,377 m). In the ESE direction other

Quatenary volcanos of comparabie height including Nevado Anpato (6,288;
, stretch into outside the survey:area. ‘

m),



The Altiplano generally consists.of gently sloping hills and stretches

_ Qf_flatland among them. Marshlands or extensive grasslands called

"pempe"_and marshes or lagoons called "laguna" are formed in the

basins.

' ﬁThe valleys shaped 11ke the Grand Gannyon are mostly sloped at a.

(2)

greater angle than 40° and they often form preclpltous (sloped at 60°

to 70 ) or: nearly perpendrcular cllffs. There are 1nterm1ttent

stretches of alluvial flatland of 11m1ted ‘area aloug ma;or rivers.
The.breast of the steep slopes are dotted with gently sloping

flatlands of limited area.
Climate and Vegetation

The reglon extendlng from the southwestern end of the survey area to

the Pac1f1c Coast belongs to the arld zone of the South Amerlcan

'Pac1f1c Coasts which is characterlzed by the desert type cl1mate which

perm1ts of almost no vegetatlon. On the other hand the Altlplano

d1str1ct 1nc1ud1ng the survey area belongs to the semlar1d climate and

is generally called a zone of grass-covered cold hlghlands and basrns.

In the survey area, the difference between the lowest and highest ele-

vation is approximately 5,200 m, the lowest being the vicinmity (1,150
m) of the southern bed of Rio (otsghuasi and Rio Maran and the highest
beiﬁg Nevado Coropuna'(6,377 m). As a result, the climate and vegeta~

tion of the survey area vary widely with elevation.

In the areas along the Rio Cotahuasi and Rio Maran which are at a
lower elevation than 2,300 m, theltemperature is higher and papayas,
bananas, grapes, pacays and other fruits are raised and a variety of

trees and plants grow.

The areas lying between 2,300 and 3,500 m in height have a mild
semiarid climate and maize, wheat, other cereals and broad beans are
raised there, but fruits are almost non-existent. In the hill
district several species of cactus and shrubs grow rather densely.
Most of the communities, including Cotahuesi'and Pausa where a base

camp was Set up, are concentrated in this mild semiarid climate zome.

—9F—



“The climate of the mountain district ranging in ‘elevation between
approximately 3,500 m and 5,000 m is a ¢ool to cold semiarid ¢limate,
‘The midslopes of the mounfaiag of up"td3abent'4;000'm'in}ﬁe{ghﬁ'éfe
dotted with a growth of several species of cactus and ‘shrtubs, but in
the Altlplano dlerlct ranglng in. elevatlon from 4, 000 to 5, 000 m the
growth of cactus and shrubs 13 very 11m1ted and a greater part of this
district forme a- desert except ‘a w1de varlety of moss grOW1ng in the

'pampas and scatterlngs of low shrubs.

The mountains of 5,000 w or gréater height are crowned with perpetual
‘snow and in this mountain district the weather is extremely cold and

no vegetation is found.

In the Altlplano distriet, alnfall 1s generally small and the dry
season lasts from Aprll to Septembe and the wet season from October.
to Harch In the survey area, the: wet season sets 1n earller 1n 1ts
' eastern part and ralnfall starts.in October but in- the western part
the wet season tends to begln half a month to a month later. Durlng
the wet season, snow falls 1n the mounta1ns of 4 000 m or mofe in

- helght and rain falls in the 1ower mountains.



CHAPTER 5 . CONCLUSION AND RECOMMENDATION

5-1

Conclusion

The exclusive conclusions of the 3 year-project are summarized as follows.

(n

(2)

1&))

The basement of the pro;ect area con51sts of gne1531c granltes or

d1or1tes of Precambrlan dge.

The Jura331c and Cretaceous systems, malnly con31st1ng of sedimentary
rocks, unconformably overlies the. Precambrlan basement and ore uncon-

formably underlaln by volcanic rocks of the Tertiary and the

 Quarternary systems, Intrusions comprises granitic batholiths or .

stocks of Cretaceous age and andesitic and dioritic stocks or dikes of

Tertiary age.

Foldlng and NW SE or NE- SW trendlng fault .structures are well deve-

loped in the Jur3331c and the ‘Cretaceous systems as a result of the

Andean Orogeny.r

NW-SE or NE—SW trending faults are also observed in the Miocene volca-

nics, particulary the Tacaza formation (Tc).

‘These structural features are well expressed in the landsat imagery.

Mineralization and alteration occur mainly in the Tacaza formation of

Miocene age or lower formations,

Most of the known deposits in the project area are of Au-Ag vein type
and consist of quartz veins, quartz vein networks, or silicified’ or

oxidized" fractures.

A pyrometasomatic deposit of & small scale has been located at the

contact between a diorite stock and limestones of the Cretaceous

Arcurquina formation.

— 25—



(4)

(53

(6)

Alteration (silicification and argillization) zounes of sizable seales
were outlined in the Pirca area in the course of the lst year's field

work.

However; the an year s geochemlcal 1nvest1gatlon ‘indicated that
geochemical anomalles assoc1ated w1th the alteratlon zones were

limited in thelr exten31ons and low in values of elements of 1nterest

The results of the 10 holes of drilling in the éastern Pirca area.

intersected intensive alteration zomes but with only minor mineraliza-

tion.

Alteration and minéfélizat{oﬁ'ibﬁes Wéfeloﬁtlinéd inkfhe Tacaza forma-
tion (Tc) of Mlocene age and in the Hualhuan1 (Yu) and the Hurco (Mu)

foramat1on of the Cretaceous age in the Marcabamba area.

0f a number of the alteration (silic{ficétioh aﬁd'afgillization) and
mineralization zonmes outlined in the courSe of ‘the 2nd year's investi-
gation, the Colpar and the Marcamalata alteration zones were asso-

ciated with pgomising-geochemical anomalies.l

The 2nd year's work resulted in selection of two target areas, the
Colpar (S_kmz) énd:the Marcamalata (Z_Rmz), including these alterationm

zones, for the 3rd year's programme,

A number of abandoned old workings, which had been unkﬁown, were

located in the Colpar in the course of the 3rd year's work.

Two mineralized zones, the northern and the southern mineralized
zones, were outline in the Miocene Tacaza formation (Te) by the -

detailed prbspecting with aids of trending.

These mineralized zones include mineralized veins, 4 major veins in
the northern zone and 9 in the southern zone, in association with

surrounding silicification and minor parallel veins,



(n

(8)

All the vein except for two in the southern zone trend in the general

direction of NE-8W, and comprise. quartz veins, quartz vein network and

silicified fracture zones.

Major ore minerals are electrum, argentite, polybasite, pearceite,
galena, sphalerite and pyrite in association with alteration minerals

of quartz, potash feldspar and sericite with or without chlorite.

The N3 vein of the northern vein yielded a éufface_sample of the best

assay results, 5,79 g/t Au and 640 g/t Ag for an 1| m width.

" The drill holes, MIP1l and 12, interseated the Nl and N2 veins but

were too short to reach the_N3_énd N4 veins. -The.miﬁeralized inter-
sections yielded appreciable values in Au and Ag, which would suggest

the mineralized zone to be continuous for a substantial distances,

The northern silicified zone, located to the northeast of the northern

“mineralized zone, may continue to the northern mineralized zone, If

the assumption is true, the incorporated alteration mineralization
zone would form a sizeable area approximately 0.3 km wide and 1.5 'km

long.

In the southern mineralized zoie, the $3 and the S7 veins yielded sur=-
face samples of high assay values, 21.50 g/t Au and 410 g/t Ag for, a
0.15 m width and 20.10 g/t Au and 1,200 g/t Ag for a 0.3 m width

respectively,

The drill hole, MIP-13, intersected the $3, the S4 and S5 veins and
the quartz vein network of the 84 vein indicated assay values of 5.04
g/t Au, 45.0 g/t Ag, 0.79 Z Cu, 1.37 % Pb and 1.30 % Zn. The minera-

lization-contains.appreciable values of Cu, Pb and Zn in addition to

Au and Ag, and is considered to be promising.

The southern mineralized zone may continue to the Quebrad Quermahuaico
alteration zone. If the assumption is true, the incorporated altera-
tion mineralization zone would form a sizable area approximately 0.2

km wide and 0.9 km long.



(9) The mineralization-alteration in the Marcamalata occurs im the = -
Cretaceous Hualhuani (Yu) and Murco (Mu)' formatidn and is associated

with a minor amount of ‘Ag..
All the observed veins are limited in extentions and discontinuous.

The two holes, having been drilled beneath the surface mineralized
veins, intersected a number of quartz veins and quartz vein networks

but without mineralization of any valuess

(10) In conclusion, the two mineralization-alteration zomes, the northern
(0.3 kin wide ‘and 1.5 km long) and the Séuthern (0.2 km wide and 0,9 km
long); ‘seem to be promising judging from the exclusive results of the

3 year work, ‘and would be worthwhile for further exploration.
5-2 Recommendation

The fiscal year 1987, closing at. the end of March, 1988, is the last year
of the 3 year technical co-operation project in the Cotahuasi area by

Japanese Government,

However, the 3 year work for the project have outlined two prpmisihg:
targets,fbr potentially commgrcialrmineralization,in_the Colpar; the
northern mineralization-alteration zone (0.3 km wide.apd l.5 km long),. and
the southern mineralization-alteration zomes (0.2 km wide and 0.9 km

long).

It would be recommended that these two zones in the Colpar. be followed up
by further detailed exploration including diamond .core. drilling.
Methods and‘purposes_of the reéommendéd WOrk:are summarized in the table

below.



Method

Purposes

Detailed Prospecting

To clarify occurrences, extents, and grades
of the mineralization on the surface by
investigating further in detail mineralized
cutcrops and abandoned old workings of the

‘mineralization-alteration zones,

Drilling

To define extents and gradés of veins in
strike sides and dip sides, and also to
explcore other veins parallel to the known
ones, :













PART II DETAILED REPORT

CHAPTER 1 LANDSAT IMAGERY ANALYSIS
1-1 The Area for the Landsat Imagery Analysis

An area of 30,000 km? was selected for the Landsat Imagery Analysis,

including the Cotahuasi Area. (Fig. I-1)
1~2 Result of the Analysis

The Landsat Imageries covering the above area were interpreted with an
emphasis placed on comprehending regional features of the geological struc-

ture.

The results of the analysis are shown in the Interpretation map of the

Landsat Imagery. {(Fig. I1-1)
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CHAPTER 2 GEOLOGICAL INVESTIGATION IN THE COTAHUASI AREA
2-1 Geology and Geological Structure (Fig, II-2)

The geology of the project area consists of Precambrian basement comprising
gneissie granite osic and diorite, the thick Jurassie and Cretaceous
systems composed of clastic and calcareous rocks, and widespread Tertiary
and Quaternary systems composed mainly of voleanic rocks and intrusive

rocks.

Intrusive rocks occur as batholiths of diorite and numerous stocks and
dikes of diorite and andesite., These are partly accompanied by skarns and

alteration zones.

The formations of Miocemne or earlier are heavily folded in general and
block faulted. However, neither prominent nor fault is observed in the

formations later than Miocene.
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Fig. 11-2 Ceolopical Map of the Cotabuasi Avea
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(1)

(2)

(3)

Stratigraphx (Fig. 1I-3)

Rocks of the survey area comprises-the Precambrian Baseﬁent, the
Jurassic, Cretaceous and Tertiary eySteﬁe intrusive rocks'through
these Basement and systems, and the Quaternary System which is

- widespread ;n the Altiplano h1ghlands.
Intrusiﬁes_.

The intrusive rocks occurring in the survey area comprise Coast batho-

lith, (CB),'Accha stock (Di) and andesite stocks and dikes (An).
Chemical Coémposition of Rocks

Whole %eck'éhemical'aﬁalyeie (eoveriﬁgIIB constituents) was made for
20 rock samples collected durlng the’ present fleld work and normative
calculat1ons were also performed under CIPW classification. The
results of the analy81s and nozmatlve ‘calculations are presented in

Flg;_ 1i-4, F1gg 11-5, Fig. 1I-6,

Described below are the resulfe of.anaiysis of volcanic rocks found in
the Survey area according to a simple method of classification of the
typeiof'volcahic rocks on the basis of the Sioj and Na20 + K90 con-

tents (élassification method of Middlemost, E.A.K. (1972)) (Fig. II-4).
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Fig, II-5 illustrates the relationship between K90 and MgO based on
the results of the chemical-anai&sis of rocks (13 coustituents). The.
didgram of Fig. II-5 éhows thét tﬁétMgO"contént tends to decrease with
an indreasé of Ky0, butlthé’}hydlitib rocks of the Alpabamba Formation
(Al) have a lower MgO content than other rocks and a correlatlon
between the MgO content and KZO content cannot be established.

A sample (Gb- ~56) from the Senca F01mat1on (Vse) is a rhyolltlc rock
and exh1b1ts a facies similar to that of the rhyolltlc rocks of the
Alpabamba Forma tion, but it shows a hlgher MgO content than the

rhyolitic rock of the Alpabamba Formatlon.
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_Fig. IffSIIKZOH— MgO Vafiation'Diagram of Va1¢anic'Rocks

ﬁithfréspect to intrusive'rdcks wﬁélé.rock chemical analysis was made
for two- samples of- the Coast bathollth (CB) and -two samples of the
Accha stock. ~All- these- samples are. granltlc in composztlon and a
triangular d1agram of. quartz ~ (albite + anorth1te)--orthoc1ass was
prEpared on the ba31s of the classification of Bateman et al., (1963)
selected from among the various class1f1cat10ns of felslc 1gneous

"rocks (Flg. I1- 6)

The four. samples can be classified as granodiorites, The Coast batho-
lith in the south of the survey area tends to contain a slightly

larger quantity of orthoclase.
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Geological Structures

The geological structure of the Survey Area is;highly characterized

by the remarkable folds and faults formed in the Jurassic and

- Cretaceous rocks by the ‘orogeny of the:Andes. In the Tertiary for-

mations strata show a gentle dip locally and small faults are obser-
vable. - Judging from their scale, the strata in the Tertiary System do

not seem to have undergone the effects of a vehement tectonic movement

© (Fig. II-2).

The folds found in the Jurassic and Cretaceous rocks include a large-
scale syncline having a N70° W axis in the Socosani Formation

oc¢currifg in the south of Mt, Tanisca, an E-W syncline found in the

42—



Yura Group west of the village of Velinga on the Cotahuasi River,
NW-SE ant1cl1ne and syncllne, N- S antlcllnes and NE-SW anticlines in
that’ part of the Arcurqulna Formatlon extend1ng from Lancacolla west

of the_v1l1age,of'Cotahues1.to Taurisma to the northeast.

The folds observed in the Tert1ary rocks 1nc1ude small scale anticli-
nes and syncllnes w1th a NNW—SSE axis found 1n the Tacaza Group west
of’ the v1llage of Carcana in the north of deta11ed survey area B, 'No

other Ffolds are found in the strate formed after Cretaceous age.

Faults are developed 1n the formatlon of the middle Miocene or _
ear11er. The major faults trend generally in the NW-SE d1rect1on
1nc1ud1ng a NW-SE trendlng fault passes by the v1llage of Saima in the
south’ of the detailed survey area A, an E-W fault in the valley of
Palmadeas to the southeast, an NW~SE fault extending from a point east
of Lamapa v1a the south of San Jose de Ushua to- the. v1c1n1ty of Mt.
”Tanlsca and an NW—SE fault runnlng along a valley south of M1na Picha.
These feulte have th:owswestlmated:to bexover_l,OOQ m, Substant1ally
Vpafallel to these 1arge~sca1e-faults are other faults, such as those
runnlng across the northeast of Bltama, Mlna Luicho and Puca Puca, all
) found 1n the west of the suryey area, and those_pass1ng'the valley of

Ccolapa and the Chuqu1bamba River.

NNW- SSE faults are found to the west of Colta, to the east of
Pomacocha and in the valley of Anirca northeast of Mina . -de Huayllura.
NE—SW.faults afellooated 1o a:valleyueast ofVQoechualla on the
Cotahuasi Riﬁer,_eest of the village of Cotehuesi, near Puica in the
northeast of the survey area and around Sumana east of Puica. All
these NNW-SSE and NE-S8W faults are on a reletively small scale and
some of these have cut the Alpabamba Formation. The NW-SE and NE-SV
orientations of fold axes and faults are regionally in substantially
consistent with the NW-SE and NE-SW lineaments and the directions of
arrangement of circular structures extracted from LANDSAT images.

This presumably reflects the bhasement structure of the survey area.



2-2 Mineralization: and Alteration
The minerclization'and alteration in the Qotahoasi area as foi}ows.:

The alteration zonés and hineralizéd”éoﬁés'in:tﬁe'oiojéct"afcéwéré shown in
Flg. 11-7. These zones are dlstrlbuted malnly 1n the Jura351c and
Cretaceous 1ocks and in the Tacaza Group of the Tertlary MaJor among them
are a) Mlna Pararapa,_b) Mlnas de Huayllura (East of Tanlsca) c) West of
Tanlsca, d) Mina Lulcho, e) Mina Plcha, f) SouLh of Maran, g Oyolo and h)

Pirca.

The alterat1on zone can be grouped accordlng to the type of alterat1on into
1) white alteratlon w1th 3111c1f1cat1on 2). brown alteratlon with s111c1f1—
catlon and argllllzatlon and 3) brown alteratlon contamlnated w1th ferrous

oxide.

Mineralization inéludes véin type mioeféiizétion“of”quéffz'veihs bearing
gold aﬁd”silvér'omineraliéation*ofigold-and siiver fouhﬂ in the zones of
contamination with ferrous oxide along’ fracture zones and 301nts, contact
metasomatic mineralization of gold 511ver, copper lead, zlinc and magne—
tite occotriﬂg-iﬁ skarns found im the area of contact'oetwéen intruoiéé
rocks and 11mestones~'and pyr1t1zat1on of des1m1nat1on type observable in

and around intrusive rock bodies,

The mineralizéd zones with confirmed outcrops of goid-silvér béariﬁgfdﬁartz
veins include a) Hlna Pararapa, Copacahuana Mine 1n ‘the Minas de Huayllura
b) and f) the south of Maran., In Mina Luicho the mlnerallzed zone is

localiy'accompanied by quartz veinlets which lack éontinu1ty.

Table II-1 show the scale, host rock, and characteristics o6f alteration and

mineralization of each zone.
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Table II-1  List of Alteration and Mineralization Zones (Main)

“titheralfzacion ©

Name Location Scale Host tock Altent_lon
Hina Approx, 20 km L knXZ,5 km Andesice dikes { +Brown alteved zone cunumlnued by *Hinerallzacien of gold amd silber In
Tacatapa Horth-porcheast {An) ferrous oxide H20™H and BONE gold-silver bearing
of Corahupasl | and . *Hydrothermal alteration consisting quartz veins :
mdesluc primavily of sillclfication *Quartz vein being prosP:cted 'by tunnele
volcanic rocks {quattz + halloysite, cb-11 is 0.5 to 1.5 m wide and 1.3 ¥m long,
(Tacaze Group)- quarti + montnotillonite- .cb+13) - .*According to the mine data,. the grade of
+The andestte dikes are chloritized £0ld ore 1s Au, pax, 40 gfton and average
and contaminated by pyrites. 4.6 gfton.

i . : . . “The average grades of gold and silver :
ores contained in quartz dtkes of 80 cm
in width ave Au 4.6 gfton and Ag 288 g/ton,

Kinas de Approx. 30 km 142 km* 10 kn | Quargzite . *Brown alrgred 2on¢ centaninated by *Hineralizatlon exfscs in oxidized zonss
Huaylluva vagt-gouthvast : o © -k {Yura Grouwp} ‘ferrous oxide - occurring slong fracture tones’ and jolnts
{east of of Cotahuasi . ‘Hydrothermal alterarion nccumpanied by and 4in gold-silver bearing quarcr veinsg
Tonlsca) g quarcz veinlets . _sabandoned * smali-scale ,adits are found st

{quartz + gerléite Bb- 10 several locatiops

quattz + diaspare + serfcite + ~Anelysis of the quartz veins of Himz

iarosire Bb-9) M . Copacahuana shows the, grades of Au. und

- Ag are 4.6 gfion and 236 g/ron.
Hest of Approx. 31 km 1.5 ka® 4 km Andosicic ‘Esgsentially hydrothermal alteration =Conspicuous minerali;afﬁon'nnt‘obsexubla.
Tonisca west-southuest volcanic yocks of quartz + alunire and quarce + "Analysis of sltered rocks containing clay
of Corahuasi {Toceza Group} sericite + montworillenice minerals revealed the contentc of Au
and appIox. “Rélatienship betveen both types of 0.06 g/ton and Ag 0,31 gfron.
23 kh east- alteration is not clear.
southesst of
Pavsa
Hina Luiche Approx 5 km 1 kax2 km Quarezite +Silicification around quarcz *Cold-silver bearing quartz veinleta and
#ercheast of ) {Yura Group) veinlets and contemination with coptaminetion vith ferrous oxide
Paysa ferrous oxide. observable. Orientstiop of the veinletas
(quartz + scorodire (Ae-22) ig not clemr.
*4 dozen oy 69 seall-scale ELopeb are
scattered.
+5pot eanples from the stopee ehoved Au
26,0 giton, Ag 114.1 g/ron and Aw 9.7 gfreon,
Ag 30.2 gfeoa.
Firea Appeon. 15 ho T kme5 ka Andesite and “Mostly hydrothermal altezation of *Contaminated wich goerhite neat Plrca,
south of pyroclastic quartz + alunfte, *Vedn-type mineralfzation nor observable,
Plrca tocks *Analysic of samples frem the zone contaminated
(Tacaza Group with ‘goethite showed the grade of Ag 0.6 o
and lower part 1.6 g/ton.
of Birroso
Gxoup) °
Snouch of Haran | Approx. 15 ko 1.5 knx 3.5 kn  |Andesitic tuff +5ildefficatlon around quactz velnlets, | “Gold-silver bearing quartz veins about
aduch-southeast to tbff bracels| veinlike atlicificatfon and contamira- | 10 ¢m wide and contamination with limonite
of Pausa {Chocolate tion with ferroces oxide. arcund fracture zanes are obatrvable as
Formation) several locakjons,
rAnalysis of sasples from Pyrite gquartz
weina {5 to 10 ex wide} showed the grades
of Au 1.} gfeon and Ag -2 gfton,
*Thers are many abandoned old adies,
In downstream ateas river sedicents are
washed fer gold.
Oyolo . Approx. 20 to 2 kmx8 ka Dacitie rHydrothermal alteration *Locally accouwpanied by contaminatfon with
25 kn northeast pyroclastic {primazily atgillization). ferrous oxfde {grade: Ag 0.3 g/ton)
of Prusa rocks In the northeast ~Congpicuous mineralizstion not observable.
{Tacaza Cristobalite + alunite
fornation and in the southwest
to Alpahanba quartz + sericite
Formation) :
¥ina Picha Approx, 22 km Seall ore Limearone Skarn type met2morphiso 'Skarn type
wvest-southwest | bodfes acatteredf(Arcurquina {gacrner {andvadite) - calcite-quartz) *Hinevalization of Cu, Fb, #n, Ag and Au.

of Cotahuasi

in ares of

AppPIOX
x 2 ko

- 1km

Formation) and
dforire (steck}

“Gre bodfes are small lens-shaped bodfes.
*Analysis of wmineral ores ¢onsisting mainky
of galena and sphalevite shoved the fellew-
ing grades:

Au 7.7 gfton, Ag 770 glton,

Cu 1.38%, Pb 23.4Z, Zn 21.5%




2~3 Geochemical Prospecting

Geochemical'pfoﬁyecting in-the-arég{waélgdhducte@_ﬁiﬁh the puqﬁﬁéé-of
detecting geochemical anomalies cauéed:by minéta1izétion and of obtaiuning

basic data for mineral exploratiorn in the next phase of the project.

In thefprbSpeqﬁﬁng;’stfeam Sedimenfs;wEre collected and six elements, gold
(Au), silver (Ag),.arséﬁic (As),. copper (Cu), lead (Bb) and zinc (Zn) were
analyzed as indicators of mineralization. The resulﬁs are shown in Fig.

‘II-8 and Table-II*Z.



73°30°
5200 ’ 73°10° orry "
15°00" 73| 20" I 73000 72750 72y 72°30"
| Ceiro Kiurd 15700

a
Pampamerca

@ Taurisma

15°10*
W
Oyolof0¥0l0 Pb As

@ —]15°1

L COTAHUAS!

Velinga
Nevado Firurg
5498m |- PR PN 4o
Quechualle
o Joro
1.LEGEND
. ‘ﬁ Anomaly Zonz of Elemants acd
Ut Etamenl;
Nevade Sara Soro Anomalous Etameats
3
15°20° f— 5505 m N
Pucaccochg == —Aisearr {’ "‘ A::rml)‘ Zﬁ o!CP!indpul'anmpomnls
. Ond AnSOGaS Component
F’\_ 21,22

Moran ;. Nome of Anemoly Zone

NEVADO N SOLIMANA

5888m
Fig.11-8 Geochemical Inerpretation Map
Solomanco (Composite Data)
15°30" i [
73°30° 732" 73107 73000° 7|2=50' FFLNE 72333.5'“30'

—49 — 50—






Table 11-2 List of Geochemical Anomaly Zones

Indicator element

Anomalous zéne Locarion * Beale Remarks
o Au Ag As Cy Pb Zn
. (km x kmj
~ Cotahuashil Area -
-1 Mina Pararalﬁa Approx. 70 km HMY of Cortahuashi 8 x9 +H 4+ - Au>Ag
2 Quechealla Along Corahuashi River in the Center of | 11 x 14
- the Survey Area :
Plcha Northern part of Ancmalous zone et~ + -~ AgrAu
Quechualla Along Corahuashi River o - + -~ | AudAg
A‘_bandonada South of Quechualla + 4+ - 4 - HY
Tanisea Western part of Anomalous zone ++ o+ +
3 Eluayjb Apptox. 10 fm south of Quechualla 2 %10 |H+ -+ -
& Haran Approx. 10 km southreast of Pauea =+ - + 4 -] Curhu
5 Hina luiche Approx. 4 km north-east of Pausa 4 % 4 o+ ++ + = | Au>Ag,Cu
6 Marcabamba Marcabamba in the north-east of the 1 x6 + A+ - - +
survey area
7- Yelinga Approx. 15 km west-southwest of LI A + - - | Au>hAs
Cotahuashi
8 alea Approx. 15 km northeast of Cotahuashi 4 x10 [+ + -
9 Huaypacotas Approx, 6 km northwest of Alca 3 x5 + +H
16 Colta Approx. 15 km no_rth—nofl:heaat of Colta | 3 x & + + - Agrdu
11 Pirca Approx. 13 km south of Pausa bx b - +
12  Taurisma Approx, 3 km north of Cotahuashi 1.5%2 |- - -
13 Cerre Kiura Hortheastern mérgine of the Survey Area| 1.5 X 4 |+
14 Pausaccocha Approx. 10 km west of Quechualla 2. 5x2.5)+
15 Oyolo Approx. 20 km ndrth_easc of Pausa 1.5 x 2|+
16 San Sebastian Sacrica Aplprox.' 7 -km norch of Pausa 1.5x 2 |+
17 Salawanca Approx. 10 km southeast of Nevada 1.5 x 2 {+
Sollman ’
- Orcopampa Area —
18 Orcopampa Central pait of the Orcopampa Area 10 x 6 [(H(H) -+
19 Crcopampa North Approx. 5 km northeast of Orcopampa 4 x 6 (H(H)




Promising geochemical anomalies are located at Mina Paravapa, Quechualla,

Maran, Huayjo Mina Luicho and Marcabamba. Other anomalies in a single

element or multiple elements are located at Cervo Kiuvra, Hucaccocha (a part

of the western alteration zone in Tanisca), Alca aund Colta.
2-4 Sunmary of the Results of the lst Year's Work

A total of 15 mineralization and alteratioun zomes were identified in the

Cotahuasi Area.
The major mineralization and alteration zones are summarized in Table II-3.

Table II-3 Principal Mineralization Zones (Cotahuasi Area)

- THame of Minerzlized! Size of Hineralized o T L § R .
Ho. or Alteration Zone ) or Altgration Zone L}lust Rock Alterarion Hiceralization
{1)| dinas Pararapa 1 kmx 2.5 %o Andesite . .| lydrothernal Geld-silver

(An) di%tes | altevation, bearuig quatiz
and primarily | veins,
andegitic siliciFization;] 0.5 - 1.5 w vide,
voleanie browaing of 1.3 ke long
. vocks (Fe) | ferrous oxide E
(2) Flina de Husyllura 1 - %% x 10 ke, | Sandstese | Browning by fxidized zones
(Emst oF Tonisca) - {yu) fereous oxida: | along fracture
hydrothermal tones and jeints;
alteration fine quarte vein
vith fine vith: gold and
. quartz vein silver
{3}] Wast of Tomiscs 1.5 ke x & ¥k Andesitic [ fydrothermal Naticeable
. .| voleanic alteration wineralization
rock {Tc) | accompanied by [not observed
argillization .
and silicifi-
cation ’
- . - — e
{4}] Mina Luicho 1%kn x 2 ka Sandstone | Filicifiration |Gold-sikver
(eu) © facound five bearing fine
. quartz veins; ' |gifartz veins and
brewning by browning of
.} ferzout oxide | fetrpus ouide
(5)] Hina Picha 1 %mx 2 km Limestone | Skarn rones . [Goaposed of
. - (Ar} formed by sedll-scale lenge
intrusion of . |and massive ores,
diorite; - galena black jack
rainly gdraet |and chaleopyrite
skarna and bearing gold
l—— - and gilver
(6}] South of Haran 1.5 km x 3.5 kn | Andesitic |Silicification |Geldsilver bear-
tukk around Eine iog fine quartz -
breecia quoartz veins veins and gold+
and tuff and browning tesring brown
| (Chod by ferrous codtaminated zone
oxide by fecrous oxide
along fracture
ZOnes .
{7)] oyole 2 km % B Andesitic |uydvothermal Hntiesable
to dacitic | alteration, aineralization
pyroclaecic] primarily not observed
rock ergillization;
{Te - A1) | browning by
fercrous oxide
|-G) Pirca 2 ka x 5 ka Andesitic |fydrothermal Contasinated fone
voleanie eltecatian witd| sy fecceus nxide
cock (Tc) |[silicificarion
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Amoitg the mineralization and alteration zomes tabulated hare, the largest
unit deposit. is the gold-silver bearing quartz_ﬁein occurring in the
mineralizéd zote -0f Mina Pararapa, This vein is 0.5 to 1.5 m wide and. 1.3
km long.  "According td_the hnpub1ished data of the mine, .the highest grade
of gold is 40 g/ton and. the average grade 4.6 g/ton. According to the
results of the present survey, the average gréde for 0.8 m of vein width is

4.6 g/ton for gold and 288.0 g/ton for silver.

Analysis of local samples: collected from cbﬁtaminated part. by brown ferrous
oxides occurring along fissures in the mineralized zones of Mina Luicho,
though on a:'small scale, 'shows a grade of 26.0 g/ton for gold and 114.1

g/ton for silver,

Massive ores collected from the stockpile of the Mina Richa show a grade of
7.7 gfton for gold, 777 g/ton for silver, 23.4% for lead, 21.6% for zinc
and I.38% for copper. Such high-grade ores cannot be found in the other

mineralized zones surveyed.

Table 1I-4 Principgi Geochenmical Anowmaly Zodes {Cotahuasi Area)

N ¢ Anomaly in . Existance of Anomaly in
- G“mih:mi 11e | vaivaviate Statis- | Principal Component Analysis | Size of Area
o Aeo 1 uzaZoryue tical Analysis . 1at Principal [ 2nd Principal | Aunomalouz Zone 7
nowato “{Plural Blements)} | Component ') Component L
1 | Mina Pararapa | Au, Ag, {As), (Pb) Yes NRo - .. 7.xm x & ke 28 km?
5 | Quechvalla hu, Ag, Pb (Zn){as) Yes Ho 13 ' x 10 ko | 130 ka2
{Tanisca} (Cu)
- Aua, Cu, Ag (Pb}, ¥ 2
3 '| Huayjo (Za)(as) es Yes 10 km x 2‘ km 20 km
.4 | Marcabamba Au, Ag, Pb (Cu){Zn) Yesg ¥o 7 km x 3 km 21 km?
5 | Yina Luiche Au, Ag, Pb {Cu){Zn) Yes Ho 45 %m A 3 b 12 km?
.| Au, Cu, Pb, (As), 2
6 | Maran . (zn)(Ag) - Yes Yes 9 km x 4 kn 36 ka
* | orcopampa zn, #b, (Au)(Ag) Yes No G kmx 5kun | 30 km?
x | North of Au, Ag Yes No 5kmx 4 ke | 20 km?
Orcopampa




Mineralized/Alteration: zones, such.as Mina"Paraﬁapa composed méinly-of gold
bearing qUartz,véins, Minas de Huayllura (east of Tapisca) composed of gold
bearing fine ‘quartz veins and.oxidized zones, Mina Luicho and scuthern
Maran, substantially overlap geochemically anomalous zones coﬁsisting; ‘
mainly of -Au and Ag. Mina Picha displaying contact metasomatic mineraliza-
tfdn'ovériép'geochemically anomalous zones of Au; Ag, Pb, (Zu} and (As) in

a conspicuous manner.

Interesting alteration ‘zones which are close to known mineralized zones and
which overlap weak geochemically-anoﬁalous zones include ‘the alteration
zone in the west Tanisca overlapping an anomalous zone of Au and the

alteration zone of Pirca overlapping anomalous zones of Zn and Ag,

0f the geochemically'aﬂoméious'zones,-thbse of'Vellinga'aloﬁg~the‘Cotahuasi
River and of morthern Huayjo refleét‘brownfaltered,zbnes of ferrous oxide
bearing small~scale gold deposits. The anomalous zomes, including ‘those of
Alca in the northeast of the survey area, Quepacc and southern Huayjo in
the south, and Marcabémba in the northwest, overlap 1ntru31ve bod1es of

diorite and reflect a weak pyrltlzatlon caused by the 1ntru31on.

The followzng ‘tabulatioun gives the suggested survey areas and methods of
survey for the second and succeedlng survey years which are based on the

results of the flrstfyear survey.,



Table II-5 Recommendation for Follor-up Survey (Cotahuasi Area)

Area - Method of Survey

1. . Mina Pararapa . Detailed geological survey
Geochemical exploration
Geophysical prospecting
Diamong Driiling

2, West of Tanisca Detailed geclogical survey
Alteration Zone Geochemical exploration
Geophysical prospecting

3. Mina Luicho Detailed geological survey
Geochemical exploration

4, Pirca Alteratiom Detailed geological survey
Zone Geochemical exploration
Geophysical prospecting

However, it is necessary to examine the circumstances of the establishment
of mining comcessions in the selection of survey areas for the second and

succeeding years,






CHAPTER 3 PIRCA AREA
3-1 - Geology .and Geological-StructureS'

The Pirca Area in the southwest part of the first yéar's survey area,
extends westwards from the Pirca village approximately 15 km south of the.
Pausa, and covers on area of 90 km? (Fig. I-1). This: area was divided into
two subaféas, the Pirca Rastern Area (48 km?) and. the Pirca Western Ares
(42 km?), with an intention to carry out suxveys more in details in the

eastern area than in the western area.
The gedlogy of the both areas are shown in Fig, II-9 and. II-10.

The stratigraphic sequencés of the area are comﬁosed in'stratigraphically
ascending order of the Jurassic Chocolate volcanics at the bottom, the
Tertiafy.Tacaza'Fbrmation (Te), the_Quaternafy_system_comprisiﬁg the Pirca
sediments fPS),'thé:Upper:and-Lower.BarrosdfFofmations {(Vbu, Vvbl), Moraine
(Mo) of-the-Pieistocene and the Pausa volcauic sediments (Vsp) and alluvium
(al) of the Hdldceﬁe; ‘There are also distributed by minor hornblende ande=

site dikes.
No prominent tectonic element has been recognized in the Pirca Area.

In. the Pirca Eastern Area, the Tacaza Formatioun appears to have ‘been .
deformed subjédt‘to the Andean Orogemny (at the waning.stage_of the
orogeny?). The beddings of the formation strike in the direction: of E-W

and dip 10° to 15° to N.

Faults have been recognized at three localities, one trending NW-SE along
the Pacqha'ctéek in the Gicinity of Mille, another trending NE-SW on the
slope to the ﬁortheast-ofiﬂillo and the third -also .trendiang NE-SW ou the
slope aﬁprdximately 1 km squtheast of Millo. Magnitﬁdes of dislocation by
these faults appear to be small, possibility within ranges of several tens

of meters.

No Notable structural features has been recognized in the Pirca Western

Area.



3-2 Mineralization and Alteration

A number of alteration zomes of variable sizes have beeun observed .in the

Pirca Area (Fig. 1I-11, I1-12).

However, the mineralization of this area:-is generally weak and:no minera-
lized zone ‘has ever been exploited though several -localities have been

" explored by means of trenching..

Most of the alteration =zones are located in areas digtributed by the ande-
sitic lavas (Tec-an) and the andesite tuffs (Tc-an) of the Tacaza Formation
(Te), and a few in areas distributed by the rhyolitic tuffs (Té-rho) of the

same formation.

No primary altération or mineralization has been recognized in the
Quaternary system, though fragments of altered or silicified rocks are con—

tained in the Pirca sediments, the ‘lowermost formation of ‘the Quatermary.’

Distributions, sizes and modes of occurrences of the major alteration and
mineralization zones are summarized in Table II-6. Seven major alteration
zones, PE-1 through PE~7 are recognized in the Pirca Eastern Area, and

three, PW-1 through PW-3, in the Pirca Western Area. -

The gzones PW~l aud PW-3 in the Pirca Western Area include the Au-Ag minera-—’
lization associated with the alteration dominated by silicifiCation and the-

accompanying quartz veinlets,.

No or very little evidences of the Au-Ag mineralization have been
recognized in the Pirca Eastern Area. There is none at all in respect-to
the Cu-Pb-Zn mineralization. Pyritization is the only megascopically iden~

tified mineralization in the Pirca Eastern Area (Table II-7). .
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